wo 2016/179392 A1 [N NP0 00000 A 0

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2016/179392 Al

10 November 2016 (10.11.2016) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO04R 1/04 (2006.01) HO04R 19/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
21 Tnternational Aoplication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCTUSI016/030982 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
5 May 2016 (05.05.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
B . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:
62/158.057 7 May 2015 (07.05.2015) ys (84) Designated States (unless otherwise indicated, for every
’ kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: KNOWLES ELECTRONICS, LLC GM, KE, LR, LS, MW, MZ, NA, RW. SD, SL. ST, SZ,
[US/US]; 1151 Maplewood Drive, Itasca, Illinois 60143 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: PAWLOWSKI, Andrzej; Tvaervej 80, 2830 DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Virum (DK). THOMSEN, Henrik; Sydskraenten 29, 2840 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Holte (DK) ’ ’ ? ? SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
’ GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agents: SMITH, Troy D. et al.; Foley & Lardner LLP, Published:

3000 K Street, NW, 6th Floor, Washington, DC 20007-
5109 (US).

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

(54) Title: INTERFACE APPARATUS AND METHOD IN AN ACOUSTIC MICROPHONE SYSTEM

{100}
Analog front-end chip

{101

intetface f120)

Digital back-end chip

712
Corfiguration registers KCOH!YQI /
interrupt l
o 1 06~ 108~ L o | Clock
L% Cigital Signal Processing _eMofgi?tion lJ‘H Dse g
MEMS
- i Feedbockpath bata
Mult-bit PDM__ ™714
'\’178
Feed-back path 122
Sire
FIG. 1

(57) Abstract: Digital data representing sound energy is received. The digital data is compressed and encoded into compressed and
encoded digital data. The compressed and encoded digital data is inserted into a frame structure. The frame structure is transmitted to
a digital signal processor over a physical interface, and the physical interface includes one or more data lines and a clock line. The
compression is effective to provide sufficient space within the frame structure for control information.



WO 2016/179392 PCT/US2016/030982

INTERFACE APPARATUS AND METHOD IN AN
ACOUSTIC MICROPHONE SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This patent claims benefit under 35 U.S.C. §119(e) to United States Provisional
Application No. 62/158,057 entitled “Interface Apparatus and Method in an Acoustic
Microphone System” filed May 7, 2015, the content of which is incorporated herein by reference

in its entirety.

TECHNICAL FIELD
[0002] This disclosure relates to acoustic systems, and, more specifically to interfaces in
microphone systems.
BACKGROUND
[0003] Different types of acoustic devices have been used through the years. One type of

device is a microphone and one type of microphone is a microelectromechanical system
(MEMS) microphone having a MEMS die that includes a diaphragm and a back plate. In a
MEMS microphone, the MEMS die is supported by a substrate and the MEMS die is enclosed by
a housing (e.g., a cup or cover with walls). A port may extend through the substrate (for a
bottom port device) or through the top of the housing (for a top port device). In any case, sound
energy traverses the port, moves the diaphragm relative to the back plate, which creates an
electrical signal. Microphones are deployed in various types of devices such as personal

computers or cellular phones.

[0004] In microphone systems, there is often a chip that holds different circuits or
applications and is connected to a digital signal processor. In these systems, because there is
much data moving between the devices, there needs to be multiple data lines and multiple control
lines. This in turn increases the area, the cost, and the power used by the system. In fact, these

items can also increase noise problems in the systems.



WO 2016/179392 PCT/US2016/030982

[0005] The problems of previous approaches have resulted in some user dissatisfaction

with these previous approaches.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For a more complete understanding of the disclosure, reference should be made to

the following detailed description and accompanying drawings wherein:

[0007] FIG. 1 is a block diagram of an interface between an analog chip and a digital

signal processor;

[0008] FIG. 2 is a flow chart for encoding data in the interface;

[0009] FIG. 3 is a flow chart for decoding data in the interface;

[0010] FIGs. 4A, 4B, and 4C are diagrams of framing structures;

[0011] FIG. 5 is a diagram of a physical layer structure used in the interface.

[0012] Those of ordinary skill in the art will appreciate that elements in the figures are

illustrated for simplicity and clarity. It will be further appreciated that certain actions and/or steps
may be described or depicted in a particular order of occurrence while those of ordinary skill in
the art will understand that such specificity with respect to sequence is not actually required. It
will also be understood that the terms and expressions used herein have the ordinary meaning as
is accorded to such terms and expressions with respect to their corresponding respective areas of

inquiry and study except where specific meanings have otherwise been set forth herein.
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DETAILED DESCRIPTION

[0013] The present approaches provide for the compression or bunching of data so as to
decrease latency and power consumption across an interface between an analog chip and a digital
signal processor (DSP). By reducing the amount of data, fewer lines are needed between the
analog chip and the DSP, reducing latency and power consumption of the interface. In some
examples, two wires (e.g., a clock and data) are used. In other examples, three lines (a clock and
two data lines for bidirectional data transfer) are used. As used herein, “latency” means the time

delay between an input and a response/output.

[0014] The present approaches provide a point-to-point audio interface between a
microphone and a digital signal processor (DSP). In one aspect, a two-wire interface is provided.
Simultaneous data and bi-directional command, control and interrupt functionality is also
provided. Support for bi-directional and simultaneous audio data between the microphone and
the DSP may also be provided, for example, using a three-wire interface. Pulse code modulation
(PCM) data 1s also supported. Support for a low latency, three-level audio stream is provided in
one example. This supports enhanced SNR at low audio stream bit rates facilitating low
interface power consumption levels. Support for a low latency nine-level pulse density
modulation (PDM) audio stream for direct path out of the multi-level chip (e.g., using a three-

wire interface) is additionally provided.

[0015] Referring now to FIG. 1, one example of an interface 101 between an analog front
end chip 100 and a digital back end chip 120 is described. The analog front end chip 100 is
coupled to a MEMS transducer 102, and an amplifier 104, and includes an analog-to-digital
converter (ADC) 106, a digital signal processing circuit or module 108, a PDM modulation

circuit or module 110, and configuration registers 112.

[0016] By “interface” and as used herein, it is meant (1) the physical interface (e.g., the
number of wires, what is carried on the wires); (2) the layers on top of the physical interface
(describing how information is transmitted, frame structure, compression functionality); and (3)
how the interface operates. Some of this functionality may be implemented at the analog front

end chip 100 or the digital back end chip 120.
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[0017] The MEMS transducer 102 includes a diaphragm and a back plate. A charge
pump (not shown) may also couple to the MEMS transducer 102. Sound moves the diaphragm,

which with the back plate creates an electrical signal representative of the sound.

[0018] The amplifier 104 amplifies the signal produced by the MEMS transducer 102.
The analog-to-digital converter (ADC) 106 converts the analog signal to PCM or multi-bit PDM.

[0019] The digital signal processing circuit 108 performs processing of the signal
received from the ADC 106. For example, the circuit 108 may remove wind noise or perform

high pass filtering on the received signal.

[0020] The PDM modulation circuit or module 110 receives data from the module 108,
compresses the data, puts the data into frames, and synchronously clocks the data out as a
transmission over the physical portions of the interface 101 to the DSP 120. The PDM
modulation circuit 110 may be implemented according to any combination of hardware and/or

programmed software (e.g., executed on a microprocessor).

[0021] The configuration registers 112 store various parameters used such as
identification information or parameters used by various modules of the analog front end chip

100.

[0022] In example of the operation of the system of FIG. 1, analog data representative of
sound energy is created by the MEMS microphone 102. As explained above, a change in sound
pressure produces an electrical signal from the MEMS transducer 102. The analog electrical
signal so-produced is amplified by amplifier 104 and then received by the ADC 106, which
converts the analog signal to PCM or multi-bit PDM. This converted signal is sent to the digital
signal processing module 108, where some processing of the signal may occur (e.g., removing
wind noise, performing high pass filtering). The processed signal is transmitted to the PDM
modulation circuit 110, where the data is compressed, put in frames, and clocked out to the DSP
120 via the interface 101. The chip 100 may also include a coupler arrangement or circuit (e.g.,
pins or wires) that provides an electrical coupling between the PDM modulation circuit 110, and
the clock and data lines. The configuration register 112 may have configuration information for
the analog front-end chip 100. Feedback lines 114 and 116 increase the accuracy of the
determinations made by the Digital Signal processing module 108 and the PDM modulation

4
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circuit 110 and/or increase the overall performance such as improving tolerance for high acoustic
inputs (high-SPL levels) or effective higher signal to noise ratio. Multi-bit PDM paths 118 and
122 extend from the ADC 106 and digital signal processing module 108 to the PDM modulation
circuit 110. The circuit 110 may be implemented in a variety of different ways including using a
microprocessor with programmed instructions, with discrete analog and digital components, or

any combination of these elements.

[0023] Referring now to FIG. 2, one example of how the encoding is performed is
described. This is the encoding that occurs at the PDM modulation circuit 110, the results of

which are sent to the DSP.

[0024] At step 202, PDM symbol values are determined. For encoded 3x1%2-bit PDM,

each PDM symbol corresponds to the value:

[0025] PRMyemuet € I-101}

[0026] in this case and requires three values in a digital representation of 1%2-bit.

[0027] For PDM encoded 3x3 V4-bit signals, each PDM symbol is in this case

[0028] PRMypper € (=% =8 —8—L0.L334),

[0029] which gives total 9 different values.

[0030] At step 204, the data is encoded. For the encoded 3x1'2-bit PDM case, the data is

pooled together with the Y2-bits by grooming together 3x1%%-bits according to this function:

&

£ -Egﬁ {Ft M‘* Wémgf =1}

[0031]
[0032] For the PDM encoded 3x3 V4-bit signal case, the encoder becomes:
Em EQ : EFQ?*&“MS’«@EE 35 ‘%A

P
n
&
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[0033] In the first example, E will have three terms (for the PDM symbols with i=0, 1, 2)
while in the second example each of the three terms represents a PDM symbol (-4....4) for nine
possible values. In the second example, the E value is a 10 bit value, representing three
consecutive 3 ¥4 bit samples. This 10-bit value is inserted into the frames and transmitted using
two physical data lines. In this way, data is compressed and encoded for transmission over the
interface. The compression leaves room for one Frame Control (FC) bit, 432, FIG.4B and one
additional spare bit, 436, FIG.4B, that is in this case set to zero. This spare bit could also be used
together with the FC bit to provide additional bandwidth for the bi-directional digital control
channel. Without this loss less compression, one or more additional bits would not become

available and could not be used for a bi-directional digital control channel.

[0034] Referring now to FIG. 3, one example of the decoding of the encoded frames is
now described. This operation is performed at the DSP (e.g., DSP 120 of FIG. 1). The DSP
receives this information and converts it back to symbols and this is converted to information

that can be used by the DSP.

[0035] At step 302, (X) bits (e.g., 10 bits) form the message. This is the E value

(computed for example in the approach of FIG. 2) of the message in bit form.

[0036] At step 304, the system converts this value into individual terms of the
summation. Reverse operation starting with FR¥gepe:§ = 2F with weight 32 may be used in the
first example while reverse operation starting with Foit.eiff = 3 with a weight of 9% may be

used in a second example.

[0037] At step 306 and for each of these terms, associate the term with a PDM symbol
from the set. For encoded 3x1%2-bit PDM, each PDM symbol corresponds to one of the values:

[0038] FOBpmpor € (-19.41
[0039] For PDM encoded 3x3 Y4-bit signals, each PDM symbol is in this case one of’
[0040] Fl¥pmpet € =% =3 =2~ LOLE54}

[0041] which has total 9 different values.

[0042] Once identified, the values can be utilized by a DSP (e.g., the DSP 120 of FIG 1).

6
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[0043] Referring now to FIG. 4A, one example of the framing structure is described.
The frame is six bits long. The first bit 402 is a frame control bit. The remaining bits 404 are
encoded 3x1 and 1/2 bit PDM as described above. It will be appreciated that the configurations
of FIG. 4A, 4B, and 4C are examples only and that other examples are possible.

[0044] Referring now to FIG. 4B, another example of the framing structure is described.
In this example, the frame is twelve bits long, shown in the bottom part. FIG. 4B, the framing
structure uses two physical data lines DATAO and DATAT as shown in the figure. The first bit
432 1s a frame control bit. The 10 bits 434 are encoded 3x3 and 1/4 bit PDM as described above,

and the bit 436 is an unused slot bit with a logical value of zero.

[0045] Referring now to FIG. 4C, still another example of the framing structure is
described. The frame is twelve bits long. The first bit 432 is a frame control bit. The 10 bits
434 are encoded 3x3 and 1/4 bit PDM as described above, and the bit 436 is an unused slot bit
with a logical value of zero. The frame in FIG. 4C is transmitted at double the clock rate of the

example of FIG. 4B.

[0046] Referring now to FIG. 5, one example of data clocking (physical structure) is
described. A clock line 502 clocks data 504. The data may be in the frame structure of FIG. 4A,
FIG. 4B, and FIG. 4C (FIG. 5 shows a small portion of the frames being transmitted).

[0047] Every time a rising or falling edge occurs one bit is transferred. There may be a
single data line and a single clock in many examples. The time ta represents the minimum time
in nano seconds to assert the valid voltage potential on the data line to represent the correct
binary value of the signal to transmit while the time tz represents the maximum time in nano

seconds to remove the drive onto the data line.

[0048] The present approaches allow payload data to be in either PCM or PDM form. In
one aspect, the payload data sent from the analog back end chip to the DSP is encoded and
compacted in multi-bit PDM formatted information. Advantageously, compaction utilizes
unused binary value encoding for each sample and requires fewer data lines between the analog
back end chip and the DSP. The use of fewer data lines leaves space inside the frame that can be

used to embed a digital control channel into the interface. The digital control channel may be
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used concurrently to the data streaming and without affecting the data stream as such. Lower

latency is also achieved, and the power needed is reduced as compared to previous approaches.

[0049] Preferred embodiments of this disclosure are described herein, including the best
mode known to the inventor(s). It should be understood that the illustrated embodiments are

exemplary only, and should not be taken as limiting the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. An acoustic data processing apparatus comprising:

an analog-to-digital (A/D) converter having an input connectable to an analog signal
output of an acoustic sensor, the A/D converter having a digital data output;

a modulation circuit having an input coupled to the digital data output of A/D converter;

the modulation circuit configured to generate a data frame comprising compressed and
encoded digital data, the data frame accommodating control information,;

an external-device interface having one or more data lines and a clock line coupled to the
modulation circuit,

the compressed and encoded data of the data frame provided on the one or more data
lines of the external-device interface and a clock signal provided on the clock line,

wherein the compressed and encoded data is synchronized with the clock signal.

2. The apparatus of Claim 1, wherein the data frame includes a bit having a state

indicating whether data transfer at the external-device interface is unidirectional or bidirectional.

3. The apparatus of Claim 1, wherein the compressed and encoded digital data includes

3x1%2-bit PDM symbols having three values.

4. The apparatus of Claim 1, wherein the compressed and encoded digital data includes

3x3 Y-bit PDM symbols having nine values.

5. The apparatus of Claim 1,
the data frame comprises a plurality of 3x1Y2-bit PDM bits and a frame control bit,
wherein the 3x1Y2-bit PDM bits and the frame control bit are synchronized with the clock

signal when provided on a single data line of the external-device interface.

6. The apparatus of Claim 1,
the data frame comprises a plurality of 3x3 Y2-bit PDM bits, a frame control bit and an

undefined bit having a predetermined state,



WO 2016/179392 PCT/US2016/030982

wherein the 3x3 Y4-bit PDM bits, the frame control bit, and the undefined bit having the
predetermined state are synchronized with the clock signal when provided on multiple data lines

of the external-device interface.

7. The apparatus of Claim 1,

the data frame comprises a plurality of 3x3 Y2-bit PDM bits, a frame control bit, and an
undefined bit having a predetermined state,

wherein the 3x3 Y4-bit PDM bits, the frame control bit, and the undefined bit having the
predetermined state are synchronized with a multiple of the clock signal when provided on a

single data line of the external-device interface.

8. The apparatus of Claim 1 is an integrated circuit.

9. A method in an acoustic data processing apparatus, the method comprising:

producing digital data at the apparatus, the digital data produced from an analog signal
obtained from an acoustic sensor;

compressing and encoding the digital data at the apparatus;

generating a data frame comprising compressed and encoded digital data at the apparatus,
the data frame accommodating control information,;

providing compressed and encoded data on one or more data lines of an external-device
interface of the apparatus, the compresses and encoded data including

synchronizing the compressed and encoded data provided on the one or more data lines

with a clock signal provided on a clock line of the external-device interface.

10. The method of Claim 9, indicating whether data transfer at the external-device

interface is unidirectional or bidirectional by selectively setting a bit in the data frame.

11. The method of Claim 9, compressing and encoding the digital data includes encoding

the digital data as 3x1Y2-bit PDM symbols having three values.

10
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12. The method of Claim 9, compressing and encoding the digital data includes encoding

the digital data as 3x3 Y4-bit PDM symbols having nine values.

13. The method of Claim 9,

generating the data frame as a multi-bit frame comprising a plurality of 3x1'2-bit PDM
bits and a frame control bit,

providing the 3x1'%-bit PDM bits and the frame control bit on a single data line of the
external-device interface,

synchronizing the 3x1'2-bit PDM bits and the frame control bit with the clock signal
when providing the 3x1%2-bit PDM bits and the frame control bit on the single data line of the

external-device interface.

14. The method of Claim 9,

generating the data frame as a multi-bit frame comprising a plurality of 3x3 Y4-bit PDM
bits and a frame control bit,

providing the 3x3 Y4-bit PDM bits and the frame control bit on multiple data lines of the
external-device interface,

synchronizing the 3x3 %4-bit PDM bits and the frame control bit with the clock signal
when providing the 3x1%2-bit PDM bits and the frame control bit on the multiple data lines of the

external-device interface.

15. The method of Claim 9,

generating the data frame as a multi-bit frame comprising a plurality of 3x3 Y4-bit PDM
bits, a frame control bit, and an undefined bit having a predetermined state,

providing the 3x3 V4-bit PDM bits, the frame control bit, and the undefined bit having the
predetermined state on a single data line of the external-device interface,

synchronizing the 3x3 V4-bit PDM bits, the frame control bit, and the undefined bit
having the predetermined state with a multiple of the clock signal when providing the 3x1'2-bit
PDM bits, the frame control bit, and the undefined bit having the predetermined state on the

single data line of the external-device interface.

11
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16. A microphone apparatus comprising:

an acoustic sensor having an analog signal output;

a front-end circuit including an analog-to-digital (A/D) converter having an input coupled
to the analog signal output of the acoustic sensor, the front-end circuit including a modulation
circuit having an input coupled to a digital data output of A/D converter, the modulation circuit
configured to generate a data frame comprising compressed and encoded digital data, the data
frame accommodating control information, the front-end circuit including an external-device
interface having one or more data lines and a clock line coupled to the modulation circuit;

a digital back-end circuit including an external-device interface having one or more data
lines and a clock line coupled to the modulation circuit, the digital back-end circuit and the front-
end circuit coupled via corresponding data lines of the external-device interfaces,

wherein compressed and encoded data provided by the front-end circuit to the digital
back-end circuit over the one or more data lines are synchronized with a clock signal on the

clock lines.

17. The apparatus of Claim 16, wherein the data frame includes a bit having a state

indicating whether data transfer at the external-device interface is unidirectional or bidirectional.

18. The apparatus of Claim 16,
the data frame comprises a plurality of 3x1Y2-bit PDM bits and a frame control bit,
wherein the 3x1Y2-bit PDM bits and the frame control bit are synchronized with the clock

signal when provided on a single data line of the external-device interfaces.

19. The apparatus of Claim 16,

the data frame comprises a plurality of 3x3 Y2-bit PDM bits, a frame control bit and an
undefined bit having a predetermined state,

wherein the 3x3 Y4-bit PDM bits, the frame control bit, and the undefined bit having the
predetermined state are synchronized with the clock signal when provided on multiple data lines

of the external-device interfaces.

20. The apparatus of Claim 16,

12
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the data frame comprises a plurality of 3x3 Y2-bit PDM bits, a frame control bit, and an
undefined bit having a predetermined state,

wherein the 3x3 Y4-bit PDM bits, the frame control bit, and the undefined bit having the
predetermined state are synchronized with a multiple of the clock signal when provided on a

single data line of the external-device interfaces.

21. The apparatus of Claim 1, wherein the front-end circuit is an integrated circuit and

the digital back-end circuit is an integrated circuit.

13
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