a9 United States

US 20160241961A1

a2y Patent Application Publication (o) Pub. No.: US 2016/0241961 A1l

Josefsson

43) Pub. Date: Aug. 18, 2016

(54) SYSTEMS AND APPARATUS PROVIDING (52) US.CL
FREQUENCY SHAPING FOR MICROPHONE CPC ...cocce. HO4R 3/06 (2013.01); HO3G 5/165
DEVICES AND METHODS OF OPERATION (2013.01); HO4R 2201/003 (2013.01)
OF THE SAME (57) ABSTRACT
(71) Applicant: INVENSENSE, INC., San Jose, CA A device is provided. The device includes: a sensor adapted to
(US) receive an acoustic wave and generate an electrical signal in
response to receipt of the acoustic wave; clock frequency
(72) Inventor: Olafur Mar Josefsson, Hafharfjordur detection circuitry adapted to receive a clock signal, detect a
(I8) frequency of the clock signal and generate information rep-
resentative of the frequency; and digital filter circuitry
21 Appl. No.: 14/624.910 coupled to the clock frequency detection circuitry. The digital
(1) Appl. No ’ filter circuitry is adapted to: receive the clock signal and the
_ information representative of the frequency; access a first set
(22) Filed: Feb. 18, 2015 of'one or more digital filter coefficient values; and selectively
change the first set of the one or more digital filter coefficient
Publication Classification values to a second set of one or more digital filter coefficient
values based on the information representative of the fre-
51) Int.CL uency, wherein the one or more digital filter coefficient
quency. 2
HO4R 3/06 (2006.01) values are included within a plurality of digital filter coeffi-
HO03G 5/16 (2006.01) cient values.
100
DEVICE
1 02\ 10 4_\ 1" 0\
ELECTRICAL DIGITAL
SIGNAL FILTERING
PREAMPLIFIER | | ANALOG-TO-DIGITAL | | CIRCUITRY » OUTPUT
DEVICE CONVERTER DEVICE o
112 ! 1
\—l microPHONE 106
OR SENSOR N\
BIAS VOLTAGE
GENERATOR
CLOCK
SIGNAL:
INPUT \
CLOCK
FREQUENCY
108"\ DETECTION INFORMATION
CIRCUITRY REPRESENTATIVE OF
CLOCK FREQUENCY




US 2016/0241961 A1

Aug. 18,2016 Sheet1 of 7

Patent Application Publication

I "Old

1Nd1NO ==

AONINDIYL MD0T1D
40 IAILYINISTHYIIY _A_rwmr_wmmmnu_ \_
NOILYIWHOANI AONINOTNS 80l
MD010
» LNdNI
i IVYNOIS
001D
HOLVHINTD
JOV1TIOA SVIg _
g YOSN3S HO
90l ANOHOHOIN =
Y L) Y cLL
J0IAIA YILYIANOD | 30IA3d
AYLINDHID VLIDIA-OL-D0TVNY HIHITdNYIHd
ONIMIL I TYNOIS
v1IoIa WOIYLO3 1T
/orr //..vor //ch
30IA3d
001



US 2016/0241961 A1

Aug. 18,2016 Sheet 2 of 7

Patent Application Publication

¢ 9Old

1Nd1NO -

AYLINOYIO
NOILO3LIA  N_gol
AONINOIH Y0010 AONINDINA
40 IALLYINISTATY Y0010

NOILYWMOANI
LNdNI
TWNOIS
201

¥OLVHINID
39VL10A SviIg
//wor
AYLINDHID MOSNES HO
¥314ITdINYIdd R | ANOHAGNOIN w:
AYLINOYIO ¥ILTIS
YOLIOVdYO GIHOLIMS
—
20z VAN WOMLOA TS
¥314MdNvY3Sd
\
/Nor
30IA3d
00¢



US 2016/0241961 A1

Aug. 18,2016 Sheet 3 of 7

Patent Application Publication

gt
1Nd1ino

AY1INDHID
NOILD313q
AONINDIYA
Y0012
» 1NdNI
TYNOIS
MD012
ROINENER)
HOV110A SYIg
/wcr
| | |
g0z | [woz | HOSNIS HO
P v f 3DIA3A ¥3L T4 INOHAOHDIN
VIR HOLI0VdvD
AaHOLIMS
ONIMILTI4 Sqy  |e— _ \
v1iI9ia
/ /(. ,(Now CLl
ERILEN]
oLiL vol ISE(E(REELSE

/Nov

301n3d

00€



Patent Application Publication  Aug. 18,2016 Sheet 4 of 7 US 2016/0241961 A1

400

DEVICE

DEVICE 402

100, 200, 300

MEMORY
404

PROCESSOR
406

FIG. 4



Patent Application Publication  Aug. 18,2016 Sheet 5 of 7 US 2016/0241961 A1

/500

RECEIVING AN ACOUSTIC WAVE BY
502" N\ USING A SENSOR

v

GENERATING AN ELECTRICAL SIGNAL
504 \| ASSOCIATED WITH THE ACOUSTIC
WAVE

l

\ RECEIVING A CLOCK SIGNAL

508 ‘
\

DETECTING A FRE(%EJJ ENCY OF A CLOCK
SIGNAL

#

506

510
GENERATING INFORMATION
ASSOCIATED WITH THE FREQUENCY
USING THE INFORMATION ASSOCIATED WITH
512 THE FREQUENCY TO SELECTIVELY CHANGE A

COEFFICIENT VALUES TO A SECOND SET OF
ONE OR MORE DIGITAL FILTER COEFFICIENT
VALUES BASED ON THE FREQUENCY OF THE
CLOCK SIGNAL, WHEREIN THE FIRST SET OF
ONE OR MORE DIGITAL FILTER COEFFICIENT
VALUES AND THE SECOND SET OF ONE OR
MORE DIGITAL FILTER COEFFICIENT VALUES
ARE COEFFICIENT VALUES OF A PLURALITY
OF DIGITATL FITTER COEFFICIENT VAT IIES

FIG. 5

\ FIRST SET OF ONE OR MORE DIGITAL FILTER




Patent Application Publication  Aug. 18,2016 Sheet 6 of 7

US 2016/0241961 A1

/ 600

602 N

TRANSMITTING THE INFORMATION
REPRESENTATIVE OF THE FREQUENCY
OF A CLOCK SIGNAL TO A SWITCHED
CAPACITOR FILTER DEVICE

'

604 '\

RECEIVING THE CLOCK SIGNAL AS AN
INPUT TO THE SWITCHED CAPACITOR
FILTER DEVICE

SELECTIVELY CHANGING AN
IMPEDANCE OF THE SWITCHED
CAPACITOR FILTER DEVICE BASED ON
THE INFORMATION REPRESENTATIVE OF
THE FREQUENCY TO REDUCE OR
ELIMINATE THE EFFECT OF THE
FREQUENCY OF THE CLOCK SIGNAL ON
A FREQUENCY RESPONSE OF THE
SWITCHED CAPACITOR FILTER DEVICE

FIG. 6



Patent Application Publication  Aug. 18,2016 Sheet 7 of 7 US 2016/0241961 A1

/ 700
TRANSMITTING THE INFORMATION
702 ~| REPRESENTATIVE OF THE FREQUENCY
OF A CLOCK SIGNAL TO A SWITCHED
CAPACITOR FILTER DEVICE

!

704 RECEIVING THE CLOCK SIGNAL AS AN
N INPUT TO THE SWITCHED CAPACITOR
FILTER DEVICE

SELECTIVELY CHANGING THE FREQUENCY
OF THE INTERNAL CLOCK SIGNAL USED
BY THE SWITCHED CAPACITOR CIRCUITRY
BASED ON THE INFORMATION
706 REPRESENTATIVE OF THE FREQUENCY OF

\ THE CLOCK SIGNAL RECEIVED BY THE
SWITCHED CAPACITOR CIRCUITRY TO
REDUCE OR ELIMINATE THE EFFECT OF
THE FREQUENCY OF THE CLOCK SIGNAL
ON A FREQUENCY RESPONSE OF THE
SWITCHED CAPACITOR CIRCUITRY,
WHEREIN THE CHANGING INCLUDES ONE
OF MULTIPLYING OR DIVIDING OF THE
FREQUENCY OF THE RECEIVED CLOCK
SIGNAL

FIG. 7




US 2016/0241961 Al

SYSTEMS AND APPARATUS PROVIDING
FREQUENCY SHAPING FOR MICROPHONE
DEVICES AND METHODS OF OPERATION
OF THE SAME

TECHNICAL FIELD

[0001] Embodiments of the subject disclosure relate gen-
erally to microphone devices, and particularly to frequency
shaping for signals output from microphone devices.

BACKGROUND

[0002] With current technology, integrated analog
approaches to altering high pass corner frequency of a signal
output from a device, such as an acoustic sensor, can be
problematic because such approaches may affect the noise of
the overall system due to thermal noise associated with ana-
log filtering. The same problems can arise from integrated
analog countermeasures against resonance peaking. Further,
analog approaches that use discrete components may be
expensive and not trimmable. Additionally, digital filtering
approaches may be problematic because the frequency
response typically scales with the clock frequency received at
the digital filter.

SUMMARY

[0003] Inoneembodiment,adeviceisprovided. The device
may include: a sensor that causes an electrical signal to be
generated in response to a sensor measurement; clock fre-
quency detection circuitry adapted to receive a clock signal,
detect a frequency of the clock signal and generate informa-
tionrepresentative of the frequency; and digital filter circuitry
coupled to the clock frequency detection circuitry. The digital
filter circuitry is adapted to: receive the clock signal and the
information representative of the frequency; access a first set
of'one or more digital filter coefficient values; and selectively
change the first set of the one or more digital filter coefficient
values to a second set of one or more digital filter coefficient
values based on the information representative of the fre-
quency, wherein the one or more digital filter coefficient
values are included within a plurality of digital filter coeffi-
cient values. The digital filter circuitry may or may not be on
the same silicon as the rest of the application specific inte-
grated circuit (ASIC) circuitry in various embodiments. The
digital filter circuitry also receives the digitized electrical
signals from the acoustic sensor. The acoustic sensor canbe a
MEMS sensor.

[0004] In another embodiment, a method is provided. The
method includes: receiving an acoustic wave by using a sen-
sor; generating an electrical signal associated with the acous-
tic wave; and receiving a clock signal. The method also
includes detecting a frequency of a clock signal; generating
information associated with the frequency; and using the
information associated with the frequency to selectively
change a first set of one or more digital filter coefficient values
to a second set of one or more digital filter coefficient values
based on the frequency of the clock signal, wherein the first
set of one or more digital filter coefficient values and the
second set of one or more digital filter coefficient values are
coefficient values of a plurality of digital filter coefficient
values.

[0005] In yet another embodiment, a package is provided.
The package includes: at least one of a microphone, motion
sensor, a pressure sensor or an environmental sensor adapted
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to generate an electrical signal; clock frequency detection
circuitry adapted to receive a clock signal, detect a frequency
of'the clock signal and generate information representative of
the frequency; and digital filter circuitry coupled to the clock
frequency detection circuitry. The digital filter circuitry is
also adapted to: receive the clock signal and the information
representative of the frequency; access a first set of one or
more digital filter coefficient values; and selectively change
the first set of the one or more digital filter coefficient values
to a second set of one or more digital filter coefficient values
based on the information representative of the frequency,
wherein the one or more digital filter coefficient values are
included within a plurality of digital filter coefficient values.
[0006] In yet another embodiment, another device is pro-
vided. The device includes: at least one of a microphone,
motion sensor, a pressure sensor or an environmental sensor
adapted to generate an electrical signal; and clock frequency
detection circuitry adapted to receive a clock signal, detect a
frequency of the clock signal and generate information rep-
resentative of the frequency. The device also includes
switched capacitor circuitry having first capacitor circuitry
and second capacitor circuitry and coupled to the clock fre-
quency detection circuit, wherein the switched capacitor cir-
cuitry is adapted to receive the clock signal and selectively
activate or bypass the first capacitor circuitry or the second
capacitor circuitry based on the information representative of
the frequency to reduce or eliminate the effect of the fre-
quency of the clock signal on a frequency response of the
switched capacitor circuitry.

[0007] In yet another embodiment, a system is described.
The system can include a microphone device having a clock
and a clock frequency detector; and digital filtering circuitry
coupled to the microphone device. The digital filtering cir-
cuitry is adapted to: receive information about the frequency
of the clock of the microphone device from the clock fre-
quency detector; and adjust filtering of an electrical signal
generated by the microphone device based on the informa-
tion.

[0008] In another embodiment, an integrated circuit (IC)
package is provided. The IC package includes a clock; and a
first chip coupled to the clock and including a sensor, a clock
frequency detection circuitry and an interface configured to
communicate with a second chip. The package also includes
the second chip coupled to the clock and including digital
filter circuitry having analog to digital conversion circuitry,
wherein the digital filter circuitry is configured to: use a signal
generated by the clock frequency detection circuitry to gen-
erate information representative of the frequency of the clock;
access a first set of one or more digital filter coefficient values;
and selectively change the first set of the one or more digital
filter coefficient values to a second set of one or more digital
filter coefficient values based on the information representa-
tive of the frequency, wherein the one or more digital filter
coefficient values are included within a plurality of digital
filter coefficient values.

[0009] In another embodiment, a system is provided. The
system can include a clock; and a first chip coupled to a clock
and including a sensor, an analog to digital conversion cir-
cuitry, clock frequency detection circuitry and an interface,
wherein the interface is configured to communicate with a
second chip. The system can also include the second chip
coupled to the clock and including digital filter circuitry con-
figured to: use a signal generated by the clock frequency
detection circuitry to generate information representative of



US 2016/0241961 Al

the frequency of the clock; access a first set of one or more
digital filter coefficient values; and selectively change the first
set of the one or more digital filter coefficient values to a
second set of one or more digital filter coefficient values based
on the information representative of the frequency, wherein
the one or more digital filter coefficient values are included
within a plurality of digital filter coefficient values.

[0010] A further understanding of the nature and the advan-
tages of particular embodiments disclosed herein can be real-
ized by reference of the remaining portions of the specifica-
tion and the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates an exemplary circuit of a device
that provides frequency shaping via a combination of digital
filter circuitry and clock frequency detection circuitry in
accordance with one or more embodiments described herein.
[0012] FIG. 2 illustrates an exemplary circuit of a device
that provides frequency shaping via a combination of
switched capacitor circuitry and clock frequency detection
circuitry in accordance with one or more embodiments
described herein.

[0013] FIG. 3 illustrates an exemplary circuit of a device
that provides frequency shaping via a combination of pream-
plifier device (including switched capacitor circuitry) or digi-
tal filter circuitry and clock frequency detection circuitry in
accordance with one or more embodiments described herein.
[0014] FIG. 4 illustrates an exemplary package that pro-
vides frequency shaping in accordance with one or more
embodiments described herein with reference to FIGS. 1, 2
and/or 3.

[0015] FIGS. 5-7 illustrate exemplary methods of fre-
quency shaping for a device in accordance with one or more
embodiments described herein.

DETAILED DESCRIPTION

[0016] A microphone is a device that converts sound pres-
sure from acoustic waves received at a sensor to electrical
signals. Microphones are used in numerous different appli-
cations including, but not limited to, hearing aids, voice recor-
dation systems, speech recognition systems, audio recording
and engineering, public and private amplification systems
and the like.

[0017] Micro-electromechanical systems (MEMS) micro-
phones have numerous advantages including low power con-
sumption and high performance. Additionally, MEMS micro-
phones are available in small packages and facilitate use in a
wide variety of applications that require a device with a small
footprint. A MEMS microphone typically functions as a
capacitive-sensing device, or acoustic sensor, that includes a
pressure-sensitive diaphragm that vibrates in response to
sound pressure resultant from an acoustic wave incident on
the diaphragm. The acoustic sensors are often fabricated
employing silicon wafers in highly-automated production
processes that deposit layers of different materials on the
silicon wafer and then employ etching processes to create the
diaphragm and a plate. The air moves through the plate to the
diaphragm, which deflects in response to the sound pressure
associated with the air. The terms “microphone” and “micro-
phone devices” are synonymous and are used interchange-
ably herein. Additionally, while MEMS microphones are dis-
cussed, in some cases, the microphones and microphone
devices described herein can include electret condensor
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microphones (ECMs), piezoelectric material-based micro-
phones, or any other types of microphones.

[0018] The sensed phenomenon from the microphone is
converted into an electrical signal. The electrical signal can be
processed by an ASIC for performing any number of func-
tions of the microphone or, in some cases, the electrical signal
can be processed for performing any number of functions
(e.g., audio speech processing, encoding, decoding, ultra-
sonic gesture detection).

[0019] A difficulty with digital filtering approaches to alter-
ing the native microphone frequency response in a given
package is that the frequency response of digital filters scale
with the clock frequency being input to the component, which
can be a combination of a microphone and ASIC combined
within a package. There are several reasons that it may be
desirable to change the native frequency response. For
example, when a designer is designing a sensor (e.g., MEMS
sensor), there are many possible constraints on the design;
however, one constraint is the frequency response required by
the customer for which the sensor is being built. The fre-
quency response constraint can determine how hard or how
costly it is to meet other system specifications. However, one
or more embodiments described herein can relax the fre-
quency response requirement on the device (e.g., MEMS
device, ECM device, piezoelectric material-based devices),
and thereby allow more design flexibility for other specifica-
tions for modular design of the overall microphone (e.g.,
MEMS microphone, piezoelectric material-based micro-
phone, ECM) package.

[0020] One or more embodiments described herein can
overcome one or more difficulties described previously by
using clock frequency detection circuitry that outputs infor-
mation representative of the frequency of an input clock sig-
nal and by the digital filter circuitry adjusting coefficients
according to the frequency of the clock signal. In some
embodiments, the frequency of the clock signal can be the
measured rate of the clock. In some embodiments, discrete-
time switched capacitor filtering can be performed as an
alternative to digital filtering. Following this approach, one or
more embodiments described herein can output an electrical
signal from the device that is filtered to maintain a fairly
constant frequency response across a wide range of clock
frequencies.

[0021] Turning now to the drawings, FIG. 1 illustrates an
exemplary circuit of a device (e.g., MEMS device) that pro-
vides frequency shaping via a combination of digital filter
circuitry and clock frequency detection circuitry in accor-
dance with one or more embodiments described herein.
Device 100 can include digital filter circuitry 110, micro-
phone or sensor 112 (e.g., MEMS microphone or sensor;
piezeoelectric material-based microphone (e.g., piezeoelec-
tric MEMS microphone) or sensor; ECM), preamplifier
device 102, analog-to-digital converter (ADC) device 104,
bias voltage generator 106 and/or clock frequency detection
circuitry 108. In various embodiments, one or more of the
digital filter circuitry 110, microphone or sensor 112, pream-
plifier device 102, ADC device 104, bias voltage generator
106 and/or clock frequency detection circuitry 108 can be
electrically and/or communicatively coupled to one another
to perform one or more functions of the device 100 (or one or
more components of the device 100).

[0022] Microphone or sensor 112 can include any number
of different devices including, but not limited to, a MEMS
microphone having a MEMS acoustic sensor (not shown) that
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can receive acoustic waves and convert the acoustic waves to
an electrical signal indicative of the acoustic waves received.
[0023] By way of example, but not limitation, the MEMS
acoustic sensor can include a diaphragm (not shown) and a
back plate (not shown) provided substantially parallel to one
another to form a capacitor. The diaphragm can be a pressure-
sensitive membrane and/or can be a micro-machined struc-
ture that deflects or otherwise locates to a new position in
response to an acoustic wave incident on the diaphragm. In
some embodiments, an electrode (not shown) can be electri-
cally coupled to the acoustic sensor to enable measurement/
detection of an amount of displacement of the diaphragm. As
described, the diaphragm can be positioned substantially par-
allel to the back plate when the diaphragm is at rest (e.g., not
experiencing deflection). In some embodiments, at least a
portion of the diaphragm and the back plate are positioned
substantially parallel to one another when the diaphragm is at
rest.

[0024] In some embodiments, in lieu of or in addition to
device 100 having an acoustic sensor, the microphone or
sensor 112 can include one or more different types of sensors.
For example, the microphone or sensor 112 can be or include
at least one of a motion sensor, a pressure sensor or an envi-
ronmental sensor adapted to generate an electrical signal. For
example, the electrical signal can be indicative of the mea-
sured/detected motion, pressure and/or environment condi-
tion identified by the corresponding motion sensor, pressure
sensor and/or environment sensor.

[0025] Bias voltage generator 106 can generate a bias volt-
age to power on and/or allow operation of the microphone or
sensor 112. For example, in embodiments in which the micro-
phone or sensor 112 is a MEMS microphone, bias voltage
generator 106 can output bias voltage to the MEMS device to
enable the MEMS microphone to process acoustic waves,
record information indicative of the acoustic waves (e.g.,
acoustic signals) and/or generate the electrical signals indica-
tive of the received acoustic waves.

[0026] Preamplifier device 102 receives the electrical sig-
nal output from the microphone or sensor 112 and processes
the electrical signal for further amplification or processing
(e.g., processing for subsequent filtering by the digital filter
circuitry 110 and/or switched capacitor circuitry 202). For
example, the preamplifier device 102 can be an electrical
device that increases the electrical signal strength without
degrading the signal-to-noise ratio of the electrical signal. In
embodiments in which the microphone or sensor 112 is a
MEMS microphone, the preamplifier device 102 can be or
include a microphone preamplifier, which can increase the
electrical signal from the microphone (e.g., microphone sig-
nal) to alevel desired or useful for further processing by other
devices.

[0027] The electrical signal can be received by the ADC
device 104 from the preamplifier device 102. The ADC device
104 can convert the electrical signal from an analog signal to
a digital signal. In some embodiments, the ADC device 104
can be or include a delta sigma modulator. The digital version
of'the electrical signal can be output from the ADC device 104
and received by the digital filter circuitry 110.

[0028] The digital filter circuitry 110 can be adapted to
receive a clock signal input to the device 100 and/or input to
a component of the device 100, and to also receive informa-
tion representative of the frequency of the input clock signal.
For example, the clock frequency detection circuitry 108 can
receive a clock signal and output information indicative of the
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clock frequency. By way of example, but not limitation, the
information representative of the clock frequency can be or
include one or more values or one or more bits (e.g., an N-bit
sequence or N bits of information or N values) that describe
the clock signal frequency detected/measured by the clock
frequency detection circuitry 108. The clock frequency detec-
tion circuitry 108 can output a digital representation of the
information representative of the clock frequency in embodi-
ments such as that shown in FIG. 1 in which the digital filter
circuitry 110 is included and employed in the device 100.
[0029] As shown, the digital filter circuitry 110 can also
receive the electrical signal output from the ADC device 104.
The digital filter circuitry 110 can filter the electrical signal
output from the ADC device 104 to maintain a fairly constant
frequency response of the electrical signal notwithstanding
changes in the input clock signal occur from time to time
(e.g., when the clock operates in a low-power mode for a first
time period and operates in a high-power mode for a second
time period, or vice versa). The case in which the digital filter
circuitry 110 accepts only two distinct clock frequencies, one
representing low power mode and the other normal (or high
performance) mode, is one of many possible cases. However,
more typically, low power mode is represented by a range of
clock frequencies, and normal mode is represented by a
higher range of clock frequencies separated from the lower
range. In many cases, the digital filter circuitry 110 can select
between two or more different sets of filter coefficients. The
different sets of coefficients can be selected based on the
information indicative of the frequency of the clock signal
input to the clock frequency detection circuitry 108.

[0030] Insomeembodiments, the digital filter circuitry 110
can access digital filter coefficients stored at a separate com-
ponent (e.g., a memory) or hard-wired as part of the digital
filter circuitry 110. In some embodiments, in lieu of a separate
processor, the digital filter circuitry 110 can include a hard-
coded (e.g., non-programmable) digital engine/digital signal
processor in some embodiments. In some embodiments, the
digital filter circuitry 110 can include or be electrically and/or
communicatively coupled to an oft-chip generic program-
mable processor/digital signal processor.

[0031] In one embodiment, two distinct input clock fre-
quencies can be expected. However, more typically, the
embodiments described herein, there may be a range of clock
frequencies at which device 100 should be in low power mode
and another range of clock frequencies at which device 100
should be in normal mode. As such, the clock frequency
detection circuitry 108 may be configured to detect a wide
range of input clock frequencies and, for a given input clock
frequency, select the most suitable set of coefficients from
multiple sets of available filter coefficients. The accuracy of
the clock detection by the clock frequency detection circuitry
108 and the granularity of filter coefficients available for
selection can differ in different embodiments depending on
how narrowly the frequency response of the digital filter
circuitry 110 has to be controlled across allowable input clock
frequencies. In some embodiments, the granularity can be a
result of a system specification (e.g., maximum sensitivity
variation allowed across a range of acoustic signal input fre-
quencies).

[0032] As another example, to achieve superior fidelity in
audio that humans can hear, 20 kilohertz (kHz) bandwidth is
typically utilized in a system. However, such bandwidth
range typically is associated with a corresponding clock sig-
nal at a defined frequency (e.g., at least 2.4 megahertz (MHz))
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to capture the music and voice of the audio with clarity. In
some embodiments, the specification for a MEMS micro-
phone can be reduced to allow a microphone frequency of 1
MHz or less (and the clock frequency will correspondingly
drop below 1 MHz). For example, this mode can be a low-
power mode, while the higher frequency clock behavior is
consistent with that of a higher-power mode. However, one or
more of the embodiments described herein can filter via the
digital filtering circuitry 110 to obtain a substantially constant
frequency response for the microphone signal notwithstand-
ing the clock frequency changes between low-power mode
and the higher-power mode. The time period during which the
clock frequency changes from the low-power mode to the
higher-power mode can also include a short blackout period
that allows the clock frequency detection circuitry to become
aware of the new mode being demanded or requested.
[0033] The digital filter circuitry 110 can be configured to
provide filtering according to one or more different digital
filter coefficient values (or one or more sets of different digital
filter coefficient values). For example, the digital filter cir-
cuitry 110 can be composed of or access coefficients to be
used by the digital filtering circuitry 110. The coefficients can
affect the frequency response of the microphone or other
device signal filtered by the digital filtering circuitry 110. In
various embodiments, the coefficients are pre-stored/hard-
wired in the digital filtering circuitry or other storage device
(e.g., memory) and/or in use in the digital filter circuitry 110.
[0034] The digital filtering circuitry 110 can make assump-
tions about the incoming clock frequency in some embodi-
ments. However, in other embodiments, the information
about the incoming clock frequency can be output from the
clock frequency detection circuitry 108 (which can be indica-
tive of the actual input clock signal frequency at a particular
time as opposed to an assumed input clock signal frequency)
and, upon receipt by the digital filter circuitry 110, cause the
digital filter circuitry 110 to alter the pre-existing digital filter
coefficient values to new digital filter coefficient values so
that the electrical signal will also be altered to have a desired
frequency response. Accordingly, as the input frequency of
the clock varies, the information representative of the clock
frequency takes on one state and then if the system goes into
low-power mode, for example, and the clock frequency
changes to again (e.g., 1 MHz), the information representa-
tive of the clock frequency takes on a different state. The
digital filter circuitry 110 can change to/adopt one or more
different sets of digital filter coefficient values in response to
the change in state.

[0035] As indicated above, this issue is more complicated
than that if the clock can have more than just a few distinct
frequencies (which is typically the case). Even when in a
particular mode, the clock is allowed to vary. As such, the
digital filter circuitry 110 is configured to adjust (while in the
same state) according to the frequency of the input clock in
order to maintain constant signal frequency response.

[0036] Insomeembodiments, a first digital filter coefficient
value can be employed by the digital filter circuitry 110 for
filtering the electrical signal received from the ADC device
104. After receipt of the information representative of the
clock frequency from the clock frequency detection circuitry
108, the digital filter circuitry 110 can select or access a
previously-stored digital filter coefficient value for loading
into a register of the digital filter circuitry 110 to change the
filtering operation of the digital filter circuitry 110 and result
in a desired frequency response of the electrical signal from
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the ADC device 104 (notwithstanding the frequency of the
clock signal has changed from a previous frequency or is a
particular frequency that might otherwise result in a particu-
lar frequency response scaling or being otherwise undesir-
able). As such, the change in digital filter coefficient values
can provide an amount of compensation for the frequency of
the clock signal and/or the scaling/change in the frequency
response of the electrical signal relative to circuits in which
the digital filter circuitry 110 and clock frequency detection
circuitry 108 as described herein are not provided.

[0037] In one embodiment, for example, digital filter cir-
cuitry 110 can be configured to select for one or more regis-
ters of the digital filter circuitry 110, a first set of one or more
values for a first operating clock frequency and to select for
one or more registers of the digital filter circuitry 110, a
second set of one or more values for a second operating clock
frequency detected by the clock frequency detection circuitry
108. The digital filter circuitry 110 can change the first set of
the one or more values (e.g., digital filter coefficient values) to
a second set of the one or more values to reduce or eliminate
the effect of the frequency of the clock signal on a frequency
response of the digital filter circuitry 110.

[0038] For example, the frequency response of the digital
filter circuitry 110 from the processed electrical signal typi-
cally scales according to the frequency of the input clock
signal. In lieu of having a scaled frequency response, the
digital filter circuitry 110 can be configured to select a second
set of one or more values for a second operating clock fre-
quency detected by the clock frequency detection circuitry
108 to reduce or eliminate the eftect of the frequency of the
clock signal on a frequency response of the digital filter
circuitry 110.

[0039] Although not shown, device 100 can also include a
memory and a processor electrically and/or communicatively
coupled to one another and/or to any number of the devices,
components and/or circuitry of device 100 to perform one or
more functions of device 100. For example, in some embodi-
ments, the memory can include a number of memory loca-
tions. At least one memory location of the memory can be
coupled to the digital filter circuitry 110 and can be adapted to
store one or more digital filter coefficient values (or one or
more sets of digital filter coefficient values). The one or more
(or sets of one or more) digital filter coefficient values can
dictate the filtering to be provided by the digital filter circuitry
110.

[0040] In various embodiments, the digital filter circuitry
110 can be or include a high pass filter, a band pass filter
and/or a low pass filter band reject filter or a combination of
these types of filters. In some embodiments, the digital filter
circuitry 110 can include, but is not limited to, multipliers,
registers and/or accumulators that multiply digital filter coef-
ficient values, and/or perform summation of the products of
the multiplication or the like.

[0041] Insomeembodiments, the digital filter circuitry 110
(or amemory accessible by the digital filter circuitry 110) can
store a first subset of the digital filter coefficient values for a
first clock frequency (e.g., 2 MHz) and store a second subset
of the digital filer coefficient values for a second clock fre-
quency (e.g., 4 MHz). In embodiments in which a clock
frequency is determined by clock frequency detection cir-
cuitry 108 and the clock frequency is different from the clock
frequencies associated with the stored clock frequency coet-
ficients, the digital filter circuitry 110 can generate new digi-
tal filter coefficient values for the new clock frequency and/or
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interpolate between two existing digital filter coefficient val-
ues (or two existing sets of digital filter coefficients) previ-
ously-determined for other clock frequencies to calculate (on
the fly or dynamically) a new digital filter coefficient value (or
a new set of digital filter coefficient values) without need for
storage of each digital filter coefficient value (or each set of
digital filter coefficients) when each new clock frequency is
identified by the clock frequency detection circuitry 108.

[0042] Insomeembodiments, the digital filter circuitry 110
can include an equalizer component (not shown) adapted to
one of reduce or eliminate a resonance peak associated with
the electrical signal (e.g., the electrical signal output from a
sensor element of the microphone or sensor 112). For
example, the digital filter circuitry 110 can equalize the over-
all frequency response of the microphone or sensor 112 in the
majorpass band (e.g., the band from 100 Hzto 10 kHz or even
up to 20 kHz).

[0043] In some embodiments, the electrical signal can
include a signal having an ultrasonic frequency, and the digi-
tal filter circuitry 110 can be adapted to either attenuate or
amplify the electrical signal to maintain a substantially con-
stant frequency response of the electrical signal for different
input clock signal frequencies.

[0044] InFIG. 1, the output from the digital filter circuitry
110 can include any number of different digital signals
including, but not limited to, a digital audio signal indicative
of a verbal word spoken into the device 100 (e.g., when the
device 100 is or includes a microphone). In some embodi-
ments, the clock frequency detection circuitry 108, the digital
filter circuitry 110 and a processor (not shown) are located on
an application specific integrated circuit (ASIC) located in
the device 100.

[0045] The clock frequency detection circuitry 108 can be
circuitry configured to detect/measure/identify the frequency
of'a clock signal input to the device 100. For example, some
type of clock frequency detection circuitry may be employed
in digital microphones to optimize/improve power and/or
other performance characteristics for different clock rates. As
such, this circuitry and/or other circuitry can be enhanced or
designed to result in the clock frequency detection circuitry
108 described herein, which can support digital filtering (as
described with reference to FIG. 1) or analog filtering (as
described with reference to FIG. 2) in a cost-efficient manner
to result in a fairly constant frequency response across a
number of different input clock signal frequencies.

[0046] In some embodiments, for example, a high pass
corner can be considered. A customer may request a device
that has a high frequency corner of 80 Hz+/-15 Hz. If the
frequency response of a digital microphone is measured and
it is determined that the high pass corner yields 80 Hz+/-15
Hz regardless of clock frequency, then analog components
determine the high pass corner. If however, the high pass
corner varies linearly within small clock ranges but changes
back as the input clock moves out of that range (and this may
happen repeatedly as the clock frequency is increased) then
the device is altering the filtering characteristics as the clock
frequency changes as described herein.

[0047] In some embodiments, the high pass corner fre-
quency and/or resonance frequency of the electrical signal
output from the microphone or sensor 112 can be affected by
the packaging and/or the packaging process. For example, the
high pass corner frequency of the device and/or the module
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(e.g., device and ASIC and/or the packaged device and ASIC
combination) can be affected by the packaging and/or the
packaging process.

[0048] Accordingly, the digital filter circuitry 110 can pro-
vide corrective filtering of the high pass corner frequency
and/or resonance frequency in various embodiments. By way
of'example, but not limitation, the high pass corner frequency
and/or the resonance frequency of the microphone or sensor
112 (e.g., a MEMS microphone) can be measured at the
factory and information regarding corrective filtering stored
in a memory location of the memory in the module. The clock
frequency detection circuitry 108 can be tuned as well at the
factory to enable accurate clock frequency detection. The
combination of designing the digital filter circuitry 110 to
provide corrective filtering and providing the clock frequency
detection circuitry 108 that can identify the frequency of the
input clock signal can allow digital filtering to provide the
desired module frequency response across a wide range of
clock frequencies.

[0049] In some embodiments, digital filter circuitry 110
can be coupled to the clock frequency detection circuitry 108
and can receive the clock signal and the information repre-
sentative of the frequency. Digital filter circuitry 110 can
access a first digital filter coefficient value, wherein the first
digital filter coefficient value is a digital filter coefficient
value of a plurality of digital filter coefficient values. Digital
filter circuitry 110 can also selectively change the first digital
filter coefficient value to a second digital filter coefficient
value based on the information representative of the fre-
quency, wherein the second digital filter coefficient value is
also a digital filter coefficient value of the plurality of digital
filter coefficient values. In some embodiments, one or more of
the plurality of digital filter coefficient values are hard-wired
into the digital filter circuitry 110. In some embodiments, one
or more of the plurality of digital filter coefficient values are
generated from hard-wired ones of the plurality of digital
filter coefficient values.

[0050] Accordingly, one or more of the embodiments can
alleviate the problem with digital filters of the frequency
response scaling with the input clock and, instead, provide a
solution that can result in a substantially fixed frequency
response notwithstanding the input clock signal frequency is
changing over time. For example, typically a MEMS micro-
phone would have a high-pass corner frequency of 60 Hz;
however, a high-pass corner frequency of 80 Hz may result in
a MEMS module composed of a MEMS device, ASIC and
packaging. One or more embodiments can shape the high-
pass corner frequency from 60 Hz to 80 Hz if the input clock
frequency is known. The embodiments described can com-
bine digital filter circuitry with clock frequency detection
circuitry, which is typically unrelated to and not used in
conjunction with the digital filter circuitry.

[0051] Although not shown, in some embodiments, a
device (e.g., device 100 of FIG. 1) can include a MEMS
microphone transducer, MEMS sensor, ECM and/or an
accompanying ASIC electrically and/or communicatively
coupled to the device. The ASIC can include clock frequency
detection circuitry configured to determine the frequency of
clock signal applied from a device external to the device. The
ASIC can receive a signal from the microphone transducer
and/or sensor. The ASIC can also receive a clock input along
with information indicative of the frequency of the clock
signal.
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[0052] Although not shown, in some embodiments, digital
filtering circuitry can be located downstream of the micro-
phone device and can be a separate component (e.g., located
on an ASIC or in another component of a system) distinct
from the microphone device, for example. While the micro-
phone device can be electrically or communicatively coupled
as part of the same electrical system, as before, the digital
filtering circuitry can be at any location downstream of the
microphone device and need not be located on an ASIC. The
microphone device can include an internal clock. The digital
filtering circuitry can be configured to receive information
from a clock frequency detector of the microphone device and
adjust the filtering of the signal output from the microphone
device by adjusting one or more digital filter coefficient val-
ues as described herein.

[0053] Insomeembodiments, digital filtering circuitry can
be located downstream of the microphone device and can be
a separate component (e.g., located on an ASIC or in another
component of a system) distinct from the microphone device,
for example. While the microphone device can be electrically
or communicatively coupled as part of the same electrical
system, as before, the digital filtering circuitry can be at any
location downstream of the microphone device and need not
belocated on an ASIC. The microphone device can include an
internal clock. The digital filtering circuitry can be configured
to monitor the clock of the microphone, perform clock fre-
quency detection and corresponding adaption of the digital
filter coefficient values used by the digital filtering circuitry to
filter the signal output by the microphone device. In one or
more embodiments, the digital filtering circuitry could be a
part of a larger chip downstream that can also contain other
functionality such as codec (e.g., encoding and/or decoding)
functionality, audio speech recognition, ultrasonic gesture
detection or the like. The chip can include a programmable
processor of one type or another in various embodiments.
Although encoding and decoding are provided as example
codec functionality, in other embodiments, any number of
other functionality can be considered codec functionality
including, but not limited to, compression, decompression,
encoding of signals or information for transmission, storage
or encryption, decoding of signals or information for play-
back or editing.

[0054] Although not shown, in some embodiments, an inte-
grated circuit (IC) package is provided. The IC package
includes a clock; and a first chip coupled to the clock and
including a sensor, a clock frequency detection circuitry and
an interface configured to communicate with a second chip.
The package also includes the second chip coupled to the
clock and including digital filter circuitry having analog to
digital conversion circuitry. In some embodiments, the digital
filter circuitry is configured to: use a signal generated by the
clock frequency detection circuitry to generate information
representative of the frequency of the clock; access a first set
of'one or more digital filter coefficient values; and selectively
change the first set of the one or more digital filter coefficient
values to a second set of one or more digital filter coefficient
values based on the information representative of the fre-
quency, wherein the one or more digital filter coefficient
values are included within a plurality of digital filter coeffi-
cient values. While the package is described as including a
first chip and a second chip, in some embodiments, the com-
ponents and circuitry described as being provided on the first
chip and the second chip can be provided on the same chip.
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[0055] In another embodiment (not shown), a system is
provided. The system can include a clock; and a first chip
coupled to a clock and including a sensor, an analog to digital
conversion circuitry, clock frequency detection circuitry and
an interface, wherein the interface is configured to commu-
nicate with a second chip. The system can also include the
second chip coupled to the clock and including digital filter
circuitry configured to: use a signal generated by the clock
frequency detection circuitry to generate information repre-
sentative of the frequency of the clock; access a first set of one
or more digital filter coefficient values; and selectively
change the first set of the one or more digital filter coefficient
values to a second set of one or more digital filter coefficient
values based on the information representative of the fre-
quency, wherein the one or more digital filter coefficient
values are included within a plurality of digital filter coeffi-
cient values.

[0056] Insomeembodiments, the first and the second chips
are located in the same integrated circuit package. In some
embodiments, the first chip is located in a first integrated
circuit package and the second chip is located in a second
integrated circuit package.

[0057] Turning back to FIG. 1, use of the digital filter cir-
cuitry 110 can, in some embodiments, result in a scalable
solution that works well with various different input clock
frequencies to maintain substantially constant frequency
response. The use of the digital filter circuitry 110 can provide
a scalable solution that is often superior to the scalability and
efficiency resultant from use of an analog-based filtering
solution. However, an analog-based solution is discussed
below with reference to FIG. 2 and a switched capacitor
circuitry 202.

[0058] Switched capacitor circuitry 202 can be configured
to be selectively changed depending on the frequency of the
clock. For example, the frequency of the clock signal used by
the switched capacitor circuitry can be selectively changed
based on the information representative of the frequency of
the received clock signal to reduce or eliminate the effect of
the frequency of the clock signal on a frequency response of
the switched capacitor circuitry. In various embodiments, the
switched capacitor circuitry can be configured to perform any
of'a number of the operations described herein.

[0059] Switch capacitor mixed signal/analog filters can be
employed to generate a high pass filter to meet specific high
pass frequency response requirements of a microphone.
However, the switched capacitor circuitry can vary propor-
tionally with the input clock frequency for the ASIC or the
microphone (e.g., MEMS microphone or ECM) device. This
can be remedied by changing the division ratio (depending on
the exact clock frequency) from the externally applied input
clock signal to an internal clock of the switched capacitor
circuitry. A second approach can be to alter the switched
capacitor circuitry depending on the frequency of the input
clock signal. The third approach can be to combine the two
previous approaches. However, these options can, in some
embodiments, call for knowledge of the frequency of the
input clock signal and thus a clock frequency detection cir-
cuitry can be provided to determine such frequency as
described herein.

[0060] FIG. 2 illustrates an exemplary circuit of a device
that provides frequency shaping via a combination of
switched capacitor circuitry and clock frequency detection
circuitry in accordance with one or more embodiments
described herein. Repetitive description of like elements
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employed in respective embodiments of systems and/or appa-
ratus described herein are omitted for sake of brevity.

[0061] As shown, device 200 can include a preamplifier
device 102, which includes switched capacitor circuitry 202
having first capacitor circuitry (not shown) and second
capacitor circuitry (not shown), microphone or sensor 112,
preamplifier device 102, bias voltage generator 106 and/or
clock frequency detection circuitry 108. Device 200 provides
a design for filtering in the analog domain without the digital
filter circuitry 110. As shown, the switched capacitor circuitry
202 can be included as part of the preamplifier device 102. In
some embodiments, feedback circuitry (not shown) of the
preamplifier device 102 can be implemented using the
switched capacitor circuitry 202.

[0062] In various embodiments, one or more of the micro-
phone or sensor 112, preamplifier device 102, bias voltage
generator 106 and/or clock frequency detection circuitry 108
can be electrically and/or communicatively coupled to one
another to perform one or more functions of device 200 (or
one or more components of device 200). In some embodi-
ments, the switched capacitor circuitry 202 can include, butis
not limited to, capacitors and/or switches that change the
impedance and/or frequency response output from the
switched capacitor circuitry 202. In some embodiments,
changing the impedance includes the switched capacitor cir-
cuitry 202 selectively connecting, bypassing or disconnecting
particular circuitry of the switched capacitor circuitry.
[0063] In this embodiment, the clock frequency detection
circuitry 108 can be designed to output an analog signal
representative of the clock frequency. In this embodiment, the
switched capacitor circuitry 202 can receive the clock signal
and the information representative of the frequency of the
clock signal. Switched capacitor circuitry 202 can perform
filtering using discrete-time signal processing, and no ADC
device (e.g., ADC device 104) need be included in the device
200. In some embodiments, the clock frequency detection
circuitry 108 can be designed to tune the switched capacitor
circuitry 202 filters (e.g., discrete-time analog filters) to
increase the likelihood that the behavior of the filters will
result in a substantially fixed frequency response across a
range of input clock frequencies.

[0064] The embodiment of device 200 provides a design
that can be employed if the circuit is employed for simple
adjustment of a high-pass frequency response of the micro-
phone or sensor 112. As with the digital filter circuitry 110,
the frequency response of the switched capacitor circuitry
202 would typically scale based on the frequency of the input
clock signal. As such, due to the scaling of the frequency
response that is typical, the switched capacitor circuitry 202
can receive information representative of the clock frequency
and change the frequency response of the switched capacitor
circuitry 202 so as to improve the likelihood that the fre-
quency response of the signal output by the switched capaci-
tor circuitry 202 is fairly constant.

[0065] Asdescribed, by way of example, but not limitation,
the switched capacitor circuitry 202 can include first capaci-
tor circuitry and second capacitor circuitry. Either or both of
the first capacitor circuitry or the second capacitor circuitry
can be switched on by the switched capacitor circuitry 202.
For example, in some embodiments, the switched capacitor
circuitry 202 is adapted to receive the clock signal input to the
device 200 and selectively and/or dynamically activate or
bypass the first capacitor circuitry and/or the second capacitor
circuitry based on the information representative of the clock
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frequency. Selective and/or dynamic activation and/or bypass
of'the first capacitor circuitry or the second capacitor circuitry
can be performed by the switched capacitor circuitry 202 to
reduce or eliminate the effect of the frequency of the clock
signal on a frequency response of the switched capacitor
circuitry 202. In other embodiments, a branch of the switched
capacitor circuitry 202 can be bypassed or added into the
switched capacitor circuitry 202 to reduce or eliminate the
effect of the frequency of the clock signal on a frequency
response of the switched capacitor circuitry 202. In other
embodiments, the switched capacitor circuitry 202 can divide
down differently the external clock to use in the switched
capacitor circuitry 202 operations based on the information
from the clock frequency detection circuitry 108. The fre-
quency of a switched capacitor circuitry clock directly affects
the filter corner of the frequency response of the switched
capacitor circuitry 202 in some embodiments. In another
embodiment, the switched capacitor circuitry 202 can switch
in or out switch capacitor branches as described earlier as well
as divide the external clock down by different integers.

[0066] An example of a design employing the two sets of
capacitor circuitry (e.g., first capacitor circuitry and second
capacitor circuitry) and selection of the first capacitor cir-
cuitry (versus selection of the second capacitor circuitry) is as
follows. A simple one pole resistor-capacitor (RC) filter can
be implemented by a charge bucket brigade type of switched
capacitor circuitry 202 arrangement using N stages, followed
by a large capacitor Cf. If each of the capacitors used in the
bucket brigade has value Cb then the filter corner generated
by this circuitry is F3db=Fclk*Cb/(2*pi*N*Cf). If the clock
frequency changed by ratio (N-1)/N (e.g., Fclk became Felk*
(N-1)/N), then by bypassing at least one of the capacitors in
the charge bucket brigade, the number of stages is reduced by
N-1 and by inserting into the above formula, F3 dB=[Fclk*
(N=1)/NT*Cb/(2*pi*[N-11*Cf)=Fclk*Cb/(2*pi *N*Cf)
results. As such, the N-1 term cancels out and the same F3 dB
pole frequency results (as with the original clock). Essen-
tially, as the clock frequency was reduced, the impedance of
the switched capacitor circuitry 202 increased and by bypass-
ing one or more portions of the switched capacitor circuitry
202, compensation of the impedance change associated with
the clock change resulted and therefore there was no net filter
response change.

[0067] The variables are as follows: Fclk is the clock fre-
quency used by the switched capacitor circuitry 202 in the
example (e.g., bucket brigade); Cb is the value of the switched
capacitor circuitry 202 used in each stage of the bucket bri-
gade; N is the number of stages used in the bucket brigade in
the example (N can be varied by removing branches or adding
more branches into the switched capacitor circuitry 202,
which is one of the points of the example). As pointed out in
the example, a clock change was countered/offset by reduc-
ing the number of stages by 1 (to N-1) by bypassing one
stage/branch. The result was no change in the filter pole
frequency even though the clock frequency had changed. Cf
is the (large) filter capacitor attached to the end of the bucket
brigade to provide the filtering capacitor working against the
switched capacitor circuitry resistance implemented by the
switched capacitors, Cb, in the bucket brigade.

[0068] For example, elimination or reduction of the effect
can be to eliminate or reduce the scaling of the frequency
response of the microphone or sensor 112 and to instead, keep
the microphone or sensor 112 frequency response output



US 2016/0241961 Al

(shown as “output” in FIG. 2) as approximately constant for
any number of different clock frequencies of the input clock
signal.

[0069] In general, the switched capacitor circuitry 202 is
adapted to receive the clock signal and dynamically change
the frequency of'the internal clock signal used by the switched
capacitor circuitry 202. For example, the frequency of the
internal clock signal of the switched capacitor circuitry 202
can be derived from the received clock signal based on divid-
ing down by an integer the frequency of the switched capaci-
tor circuitry 202 received clock signal. As another example,
the frequency of the internal clock signal can be derived by
generating an internal switched capacitor circuitry clock
based on the received clock signal.

[0070] Insome embodiments, the change of the frequency
of the internal clock of the switched capacitor circuitry 202
includes multiplying or dividing of the frequency of the
received clock signal. By way of example, but not limitation,
the clock division takes place once the clock detector signals
the value of the received clock frequency and thereby informs
the clock division circuitry of how much the clock division
circuitry should divide the frequency of the received clock
signal. The switched capacitor circuitry 202 would typically
divide the frequency of the received clock before using the
clock signal for any switched capacitor operations. Often
times we divide the clock down to be on the order of a few tens
of'kHz. This increases the likelihood that any clock ripples on
the signal are well beyond audible range (e.g., 20-20 Khz).
Second, in order to realize a certain pole frequency, in order to
minimize the filter capacitor (Cf above) being used (for area
efficiency) the clock rate being used can be reduced by the
switched capacitor circuitry 202—as can be seen by formulae
above, the filter corner of switch capacitor circuitry 202 filters
are proportional to the clock rate being used by switched
capacitor circuitry 202. In FIG. 2, the output from the
switched capacitor circuitry 202 can include any number of
different analog signals including, but not limited to, an ana-
log audio signal indicative of a verbal word spoken into the
device (e.g., when the MEMS device is a MEMS micro-
phone).

[0071] Although not shown, in some embodiments, a
MEMS device can include a MEMS microphone transducer
or sensor and an accompanying ASIC electrically and/or
communicatively coupled to the sensor. The ASIC can
include clock frequency detection circuitry configured to
determine the frequency of clock signal applied from a device
external to the MEMS device. The ASIC can receive a signal
from the MEMS microphone transducer and/or sensor. The
ASIC can also receive a clock input along with information
indicative of the frequency of the clock signal. The switch
capacitor filter can be configured to have an implementation
that dynamically changes the internal clock signal depending
on the frequency of the received clock signal. In various
embodiments, the switched capacitor circuitry can be config-
ured to perform any of a number of the operations described
herein.

[0072] FIG. 3 illustrates an exemplary circuit of a device
that provides frequency shaping via a combination of a
preamplifier device 102 (including switched capacitor cir-
cuitry), and/or digital filter circuitry, and clock frequency
detection circuitry in accordance with one or more embodi-
ments described herein. Repetitive description of like ele-
ments employed in respective embodiments of systems and/
or apparatus described herein are omitted for sake of brevity.
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As shown, the preamplifier device 102 includes the switched
capacitor circuitry 202 and generates an output that is input to
the ADC device 104. Device 300 shows a combination of a
package that can include the preamplifier device 102 having
the switched capacitor circuitry 202 and the digital filter
circuitry 110 for flexible use of either device based on the
intended manipulation of the frequency of the signal output
from the device 300 and/or based on any number of different
factors.

[0073] FIG. 4 illustrates an exemplary system that provides
frequency shaping in accordance with one or more embodi-
ments described herein with reference to FIGS. 1, 2 and/or 3.
Repetitive description of like elements employed in respec-
tive embodiments described herein is omitted for sake of
brevity.

[0074] The system 400 can include a device 402 (e.g., audio
processing device, codec), one or more of devices 100 (e.g.,
MEMS devices or ECMs), 200, 300, memory 404 and/or
processor 406. In various embodiments, one or more of the
device 402, one or more of devices 100, 200, 300, memory
404 and/or processor 406 can be electrically and/or commu-
nicatively coupled to one another to perform one or more
functions of system 400.

[0075] With reference to FIGS. 1, 2, 3 and/or 4, memory
404 can store computer-executable instructions that can be
executed by processor 406. For example, memory 404 can
store instructions for performing any number of functions
utilizing information generated by clock frequency detection
circuitry 108 (e.g., information, values and/or a number of
bits associated with or characterizing the frequency of the
clock signal input to and/or received by the clock frequency
detection circuitry 108), selection of digital filter coefficient
values for frequency shaping as described herein or the like.
Processor 406 can process computer-readable storage
medium computer-executable instructions to perform one or
more of the functions described herein with reference to
devices 100, 200 and/or 300, including, but not limited to,
selectively and/or dynamically changing a first digital filter
coefficient value to a second digital filter coefficient value
based on the information representative of the frequency of
the clock signal input to and/or received by the clock fre-
quency detection circuitry 108 to reduce or eliminate the
effect of the frequency of the clock signal on a frequency
response of the digital filter circuitry 110. In various embodi-
ments,

[0076] In various embodiments, the processor 406 and/or
digital filter circuitry 110 can be configured to perform any of
anumber of the operations described herein. In some embodi-
ments, device 402 does not include memory 404 or processor
406.

[0077] Insomeembodiments, within the devices 100, 200,
300, a separate die can have two diaphragms making up the
device (e.g., MEMS acoustic sensor) and all the ASIC elec-
tronics can condition the signal from the MEMS acoustic
sensor and generate frequency shaping are on a second die
included in the same overall module package.

[0078] In other embodiments, within the devices 100, 200,
300, the device (e.g., MEMS acoustic sensor) and the ASIC
electronics that condition the signal from the acoustic sensor
and generate frequency shaping is one assembly/chip that is
then assembled into the same overall module package.
[0079] After frequency shaping is performed, the signal
having the desired frequency response as shaped by device
100, 200,300 can be input to device 402 to enable the system
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400 to perform one or more functions associated with speech
processing, functions of a wearable device or the like. Insome
embodiments, system 400 is or is included in an automobile,
mobile device (e.g., mobile telephone, laptop, tablet, personal
digital assistant), wearable article of clothing or the like.

[0080] The sets of components shown in FIGS. 1, 2, 3
and/or 4 are merely exemplary and not exhaustive. For
example, the system 400 can include the components, devices
and/or circuitry of devices 100,200,300 and/or other devices,
components and/or circuitry as needed or desired depending
onthe desired functionality of devices 100,200 and/or 300. In
some embodiments, although not shown, system 400 can
include switched capacitor circuitry (e.g., switched capacitor
circuitry 202) that can receive the clock signal and selectively
activate or bypass first capacitor circuitry or second capacitor
circuitry of the switched capacitor circuitry based on the
information representative of the frequency of the clock sig-
nal input to and/or received by clock frequency detection
circuitry 108 to reduce or eliminate the effect of the frequency
of the clock signal on a frequency response of the switched
capacitor circuitry.

[0081] For example, in some embodiments, a second clock
(not shown) internal to the switched capacitor circuitry 202
can be changed and a portion of the switched capacitor cir-
cuitry 202 (e.g., the first capacitor circuitry or the second
capacitor circuitry) can be selectively bypassed or activated
depending on the frequency of the clock signal that is input to
device 200. In other embodiments, the switched capacitor
circuitry 202 need not include an internal clock and a portion
of'the switched capacitor circuitry 202 (e.g., the first capacitor
circuitry or the second capacitor circuitry) can be selectively
bypassed or activated depending on the frequency of the clock
signal that is input to device 200.

[0082] Invarious embodiments described with reference to
devices 100, 200, 300, one or more devices and/or compo-
nents can be implemented via hardware. In various embodi-
ments, the devices 100, 200, 300 can be implemented in
hard-coded logic that performs the specific function
described herein (as opposed to a general processor).

[0083] Although not shown in the drawings, in some
embodiments, a package can include a MEMS device (e.g.,
MEMS microphone or sensor), a processor (or ASIC includ-
ing a processor) and one or more substrates on which the
MEMS device, processor and/or ASIC is provided. In some
embodiments, the package can include a lid covering one or
more portions of the MEMS device, processor and/or ASIC.

[0084] One or more of the embodiments, described herein
can alleviate some of the restrictions on the MEMS design
making it easier to achieve the overall module (MEMS
device, ASIC and/or MEMS device and ASIC incorporated
into a package) design target via the frequency shaping
described herein.

[0085] FIGS. 5-7 illustrate exemplary methods of fre-
quency shaping for a device in accordance with one or more
embodiments described herein. Turning first to FIG. 5, at 502,
method 500 can include receiving an acoustic wave by using
an acoustic sensor (e.g., MEMS acoustic sensor). At 504,
method 500 can include generating an electrical signal asso-
ciated with the acoustic wave.

[0086] In some embodiments in which the circuit also
includes digital filter circuitry (e.g., digital filter circuitry
110), the electrical signal can be a signal output from the
acoustic sensor and processed by using an ADC device (e.g.,
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ADC device 104). The digital signal can then be output to the
digital filter circuitry and processed by the digital filter cir-
cuitry.

[0087] Inembodiments in which the circuit includes only a
discrete-time analog switched capacitor circuitry (e.g.,
switched capacitor circuitry 202) and/or is operating in a
mode in which the switched capacitor circuitry is being used
in lieu of use of the digital filter and ADC device (notwith-
standing both the switched capacitor circuitry and the digital
filter circuitry can both be located in the device for which the
method 500 is described), the electrical signal can be the
signal output from the acoustic sensor (instead of being a
signal also processed by an ADC device).

[0088] At 506, method 500 can include receiving a clock
signal. At 508, method 500 can include detecting a frequency
of'a clock signal. At 510, method 500 can include generating
a value associated with (or information associated with) the
frequency of the clock signal.

[0089] At 512, method 500 can include using the informa-
tion associated with the frequency to selectively change a first
set of one or more digital filter coefficient values to a second
set of one or more digital filter coefficient values based on the
frequency of the clock signal, wherein the first set of one or
more digital filter coefficient values and the second set of one
or more digital filter coefficient values are coefficient values
of a plurality of digital filter coefficient values. In some
embodiments, the changing of the digital filter coefficient
value can include selectively and dynamically changing the
digital filter coefficient value to reduce or eliminate the effect
of'the frequency of the clock signal on a frequency response
of the digital filter. As used herein, the term “dynamically”
can mean performed in real-time.

[0090] Although not shown, method 500 can also include
attenuating or amplifying the electrical signal by using the
digital filter circuitry. In some embodiments, the electrical
signal can include a signal having an ultrasonic frequency.
[0091] Turning now to FIG. 6, at 602, method 600 can
include transmitting the information representative of the
frequency of a clock signal to switched capacitor circuitry. At
604, method 600 can include receiving the clock signal as an
input to the switched capacitor circuitry. At 606, method 600
can include selectively changing an impedance of the
switched capacitor circuitry based on the information repre-
sentative of the frequency to reduce or eliminate the effect of
the frequency of the clock signal on a frequency response of
the switched capacitor circuitry. In some embodiments, the
changing of the impedance can include selectively and
dynamically changing the impedance. In FIG. 6, the imped-
ance can be changed by bypassing one or more branches of
the switched capacitor circuitry 202 branches or adding one
or more switched capacitor circuitry 202 branches to active
circuitry of the switched capacitor circuitry 202.

[0092] Turning now to FIG. 7, at 702, method 700 can
include transmitting the information representative of the
frequency of a clock signal to switched capacitor circuitry. At
704, method 700 can include receiving the clock signal as an
input to the switched capacitor circuitry. At 706, method 700
can include selectively changing the frequency ofthe internal
clock signal used by the switched capacitor circuitry based on
the information representative of the frequency of the clock
signal received by the switched capacitor circuitry to reduce
or eliminate the effect of the frequency of the clock signal on
a frequency response of the switched capacitor circuitry,
wherein the changing includes at least one of multiplying or
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dividing of the frequency of the received clock signal. In some
embodiments, the changing of the frequency can include
selectively and dynamically changing the frequency.

[0093] As compared to the approach in FIG. 6 of adding in
or bypassing one or more branches of the switched capacitor
circuitry to change the impedance, in FIG. 7, the impedance
can be changed by changing the frequency of the internal
clock employed by the switched capacitor circuitry.

[0094] Asused inthe description herein and throughout the
claims that follow, “a”, “an”, and “the” includes plural refer-
ences unless the context clearly dictates otherwise. Also, as
used in the description herein and throughout the claims that
follow, the meaning of “in” includes “in” and “on” unless the
context clearly dictates otherwise.

[0095] Thus, while particular embodiments have been
described herein, latitudes of modification, various changes,
and substitutions are intended in the foregoing disclosures,
and it will be appreciated that in some instances some features
of particular embodiments will be employed without a corre-
sponding use of other features without departing from the
scope and spirit as set forth. Therefore, many modifications
can be made to adapt a particular situation or material to the
essential scope and spirit.

What is claimed is:

1. A device, comprising:

a sensor that causes an electrical signal to be generated in

response to a sensor measurement;

clock frequency detection circuitry adapted to receive a

clock signal, detect a frequency of the clock signal and
generate information representative of the frequency;
and

digital filter circuitry coupled to the clock frequency detec-

tion circuitry and adapted to:

receive the clock signal and the information representa-
tive of the frequency;

access a first set of one or more digital filter coefficient
values; and

selectively change the first set of the one or more digital
filter coefficient values to a second set of one or more
digital filter coefficient values based on the informa-
tion representative of the frequency, wherein the one
or more digital filter coefficient values are included
within a plurality of digital filter coefficient values.

2. The device of claim 1, wherein one or more of the
plurality of digital filter coefficient values are hard-wired into
the digital filter circuitry.

3. The device of claim 1, wherein one or more of the
plurality of digital filter coefficient values are generated from
hard-wired ones of the plurality of digital filter coefficient
values.

4. The device of claim 1, wherein the clock frequency
detection circuitry and the digital filter circuitry are located
on an application specific integrated circuit (ASIC) located in
the device.

5. The device of claim 1, wherein the digital filter circuitry
is adapted to selectively change the first set of one or more
digital filter coefficient values to the second set of one or more
digital filter coefficient values to reduce or eliminate an effect
of'the frequency of the clock signal on a frequency response
of the digital filter circuitry.

6. The device of claim 1, wherein the digital filter circuitry
includes at least one of a high pass filter, a low pass filter or a
band pass filter.
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7. The device of claim 1, wherein the digital filter circuitry
includes an equalizer component adapted to one of reduce or
eliminate a resonance peak associated with the electrical sig-
nal.

8. The device of claim 1, wherein the digital filter circuitry
includes an equalizer component adapted to limit a variation
of frequency response from a first defined frequency to a
second defined frequency to a third defined frequency,
wherein the first defined frequency is lower than the second
defined frequency.

9. The device of claim 1, wherein the electrical signal
includes a signal having an ultrasonic frequency.

10. The device of claim 1, wherein the digital filter circuitry
is adapted to one of attenuate or amplify the electrical signal.

11. The device of claim 1, wherein the device comprises an
electret condensor microphone device or a piezoelectric
micro-electromechanical systems microphone device.

12. The device of claim 1, wherein the device comprises a
micro-electromechanical systems microphone device.

13. The device of claim 1, further comprising:

a switched capacitor circuitry, wherein the switched
capacitor circuitry is adapted to receive the clock signal
and selectively activate or bypass first capacitor circuitry
or second capacitor circuitry of the switched capacitor
circuitry based on the information representative of the
frequency to reduce or eliminate an effect of the fre-
quency of the clock signal on a frequency response of the
switched capacitor circuitry.

14. The device of claim 1, further comprising:

a switched capacitor circuitry, wherein the switched
capacitor circuitry is adapted to receive the clock signal
and dynamically change the frequency of an internal
clock signal before being used by the switched capacitor
circuitry and based on the information representative of
the frequency to reduce or eliminate an effect of the
frequency of the clock signal on a frequency response of
the switched capacitor circuitry, and wherein a change of
the frequency includes at least one of multiplying the
frequency of the clock signal, dividing of the frequency
of the clock signal or generating an internal switched
capacitor circuitry clock based on the clock signal.

15. A method, comprising:

receiving an acoustic wave by using a sensor;

generating an electrical signal associated with the acoustic
wave,

receiving a clock signal;

detecting a frequency of a clock signal;

generating information associated with the frequency; and

using the information associated with the frequency to
selectively change a first set of one or more digital filter
coefficient values to a second set of one or more digital
filter coefficient values based on the frequency of the
clock signal, wherein the first set of one or more digital
filter coefficient values and the second set of one or more
digital filter coefficient values are coefficient values of a
plurality of digital filter coefficient values.

16. The method of claim 15, wherein the selectively chang-
ing the first set of one or more digital filter coefficient values
to the second set of one or more digital filter coefficient values
includes selectively changing the first set of one or more
digital filter coefficient values to the second set of one or more
digital filter coefficient values to reduce or eliminate an effect
of'the frequency of the clock signal on a frequency response
of a digital filter.
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17. The method of claim 15, further comprising:

attenuating or amplifying the electrical signal by using

digital filter circuitry, wherein the electrical signal
includes a signal having an ultrasonic frequency.

18. The method of claim 15, further comprising:

receiving the clock signal as an input to a switched capaci-

tor circuitry; and

selectively changing an impedance of the switched capaci-

tor circuitry based on the information representative of
the frequency to reduce or eliminate an effect of the
frequency of the clock signal on a frequency response of
the switched capacitor circuitry, wherein the selectively
changing the impedance comprises selectively at least
one of connecting, bypassing or disconnecting first
capacitor circuitry of the switched capacitor circuitry.

19. The method of claim 15, further comprising:

receiving the clock signal as an input to switched capacitor

circuitry; and

selectively changing the frequency of an internal clock

signal used by the switched capacitor circuitry based on
the information representative of the frequency of the
clock signal to reduce or eliminate an effect of the fre-
quency of the clock signal on a frequency response of the
switched capacitor circuitry, wherein the changing
includes at least one of multiplying or dividing of the
frequency of the clock signal or generating an internal
switched capacitor circuitry clock based on the clock
signal.

20. A package, comprising:

at least one of a microphone, motion sensor, a pressure

sensor or an environmental sensor adapted to generate
an electrical signal;

clock frequency detection circuitry adapted to receive a

clock signal, detect a frequency of the clock signal and
generate information representative of the frequency;
and

digital filter circuitry coupled to the clock frequency detec-

tion circuitry and adapted to:

receive the clock signal and the information representa-
tive of the frequency;

access a first set of one or more digital filter coefficient
values; and

selectively change the first set of the one or more digital
filter coefficient values to a second set of one or more
digital filter coefficient values based on the informa-
tion representative of the frequency, wherein the one
or more digital filter coefficient values are included
within a plurality of digital filter coefficient values.

21. The package of claim 20, wherein the microphone
comprises an electret condensor microphone.

22. The package of claim 20, wherein the microphone
comprises a micro-electromechanical systems microphone.

23. The package of claim 20, wherein the clock frequency
detection circuitry and the digital filter circuitry are located
on an application specific integrated circuit (ASIC) located in
the package.

24. The package of claim 20, wherein the digital filter
circuitry is adapted to selectively change the first set of one or
more digital filter coefficient values to the second set of one or
more digital filter coefficient values to reduce or eliminate the
effect of the frequency of the clock signal on a frequency
response of the digital filter circuitry.
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25. The package of claim 20, wherein the digital filter
circuitry includes at least one of a high pass filter, a low pass
filter or a band pass filter.

26. The package of claim 20, wherein the digital filter
circuitry includes an equalizer component adapted to one of
reduce or eliminate a resonance peak associated with the
electrical signal.

27. The package of claim 20, wherein the digital filter
circuitry includes an equalizer component adapted to limit a
variation of frequency response from a first defined frequency
to a second defined frequency to a third defined frequency,
wherein the first defined frequency is lower than the second
defined frequency.

28. A device, comprising:

at least one of a microphone, motion sensor, a pressure

sensor or an environmental sensor adapted to generate
an electrical signal;

clock frequency detection circuitry adapted to receive a

clock signal, detect a frequency of the clock signal and
generate information representative of the frequency;
and

switched capacitor circuitry having first capacitor circuitry

and second capacitor circuitry and coupled to the clock
frequency detection circuitry, wherein the switched
capacitor circuitry is adapted to receive the clock signal
and selectively activate or bypass the first capacitor cir-
cuitry or the second capacitor circuitry based on the
information representative of the frequency to reduce or
eliminate the effect of the frequency of the clock signal
on a frequency response of the switched capacitor cir-
cuitry.

29. The device of claim 28, wherein the clock frequency
detection circuitry and the switched capacitor circuitry are
located on an application specific integrated circuit (ASIC)
located in the package.

30. The device of claim 28, wherein the switched capacitor
circuitry is further adapted to receive the clock signal and
selectively change a frequency of an internal clock signal
used by the switched capacitor circuitry based on the infor-
mation representative of the frequency of the clock signal to
reduce or eliminate the effect of the frequency of the clock
signal on a frequency response of the switched capacitor
circuitry, and wherein a change of the frequency includes at
least one of multiplying the frequency of the clock signal,
dividing of the frequency of the clock signal or generating an
internal switched capacitor circuitry clock based on the clock
signal.

31. A system, comprising:

a microphone device having a clock and a clock frequency

detector; and

digital filtering circuitry coupled to the microphone device

and that is adapted to:

receive information about the frequency of the clock of
the microphone device from the clock frequency
detector; and

adjust filtering of an electrical signal generated by the
microphone device based on the information.

32. The system of claim 31, wherein adjustment of filtering
comprises selective modification of one or more first digital
filter coefficient values of the digital filtering circuitry to one
or more second digital filter coefficient values based on the
information.

33. The system of claim 31, wherein the digital filtering
circuitry is located on an application specific integrated cir-
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cuit (ASIC) located in the system and distinct from the micro-
phone device, and wherein the ASIC also includes circuitry
associated with at least one encoding, decoding, audio speech
recognition or ultrasonic gesture detection.

34. An integrated circuit package, comprising:

a clock;

a first chip coupled to the clock comprising:

a sensor, a clock frequency detection circuitry and an
interface configured to communicate with a second
chip; and

the second chip coupled to the clock and comprising:
digital filter circuitry having analog to digital conversion

circuitry, wherein the digital filter circuitry is config-

ured to:

use a signal generated by the clock frequency detec-
tion circuitry to generate information representa-
tive of the frequency of the clock;

access afirst set of one or more digital filter coefficient
values; and

selectively change the first set of the one or more
digital filter coefficient values to a second setof one
or more digital filter coefficient values based on the
information representative of the frequency,
wherein the one or more digital filter coefficient
values are included within a plurality of digital
filter coefficient values.
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35. A system, comprising:
a clock;
a first chip coupled to a clock and comprising:

a sensor, an analog to digital conversion circuitry, clock
frequency detection circuitry and an interface,
wherein the interface is configured to communicate
with a second chip; and

the second chip coupled to the clock and comprising
digital filter circuitry configured to:
use a signal generated by the clock frequency detec-

tion circuitry to generate information representa-
tive of the frequency of the clock;
access a first set of one or more digital filter coefficient
values; and
selectively change the first set of the one or more
digital filter coefficient values to a second set of one
or more digital filter coefficient values based on the
information representative of the frequency,
wherein the one or more digital filter coefficient
values are included within a plurality of digital
filter coefficient values.
36. The system of claim 35, wherein the first and the second
chips are located in the same integrated circuit package.
37. The system of claim 35, wherein the first chip is located
in a first integrated circuit package and the second chip is
located in a second integrated circuit package.
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