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LMV1022/LMV1023 PDM Output Pre-Amplifier for Electret Microphones

Check for Samples: LMV1022, LMV1023

FEATURES

e Integrated 21 dB Pre-Amp and ADC for
Significant Power and Space Savings

» Integrated High-Pass Filter to Reduce 'Plop
Noise'

e Excellent RF Immunity (For Example,
BuzzNoise)

e LMV1022 and LMV1023 Combine to Create
4-Wire Stereo Solution

e Very Thin 0.35mm DSBGA Packaging
e Adhesion Technology >1kg

KEY SPECIFICATIONS

» (Typical Vpp = 1.8V, CLOCK = 1.2MHz, finput =
1kHz, Vinput = 18MVpp, unless otherwise
specified)

— SNR A-Weighted: 61dB

— Analog A-Weighted Noise Floor: 5 uVgrms
— Supply Current: 0.5mA

— Total Harmonic Distortion: 0.05%

— Power Supply Rejection Ratio: 87dB

APPLICATIONS

e Digital Audio Subsystems and Stereo Arrays

e Electret Condenser Microphones with all
Digital Output

e Portable Communications and Small Form
Factor Devices

« Digital Audio Computing or Voice Security
e Automotive or Array Systems
e Headphone and Headset Accessories

DESCRIPTION

The LMV1022 and LMV1023 integrate a pre-amplifier
and ADC that can be mounted inside an electret
condenser microphone (ECM). The digital output
signal is a pulse density modulation (PDM) bitstream
that alows the microphone to connect directly to the
DSP or baseband processor.

Part of TI's Powerwise™ family of products, the
LMV1022/LMV1023 consume 900uW of power during
operation, offering significant power savings over an
analog microphone with an external ADC. The
LMV1022 outputs its data on the rising clock edge.
The LMV1023 outputs its data on the falling clock
edge. Both devices can share the same clock and
data lines to create a 4-wire stereo solution. The
external clock frequency sets the audio pass band
frequency. An 800kHz clock sets the pass band to
7kHz. A 2.4MHz clock sets the pass band to 20kHz.

The LMV1022 and LMV1023 are available in 6-bump
DSBGA packages with 1kg adhesion properties.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Typical Application
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For a stereo application, see STEREO OPERATION in the Application Section.
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Figure 1. Top View
6-Bump DSBGA
See YPDO0006 Package
Table 1. PIN DESCRIPTIONS
Pin Name Description
A2 Vpp Positive supply voltage
Power Supply
C1 GND Ground
Input Cc2 Input The microphone is connected to this input pin.
A capacitor of 100nF is connected between
Reference B1 VREF Vgrer and ground. This capacitor is used to filter
the internal converter reference voltage.
The user adjustable clock frequency ranges
Clock Input Al Clock from 800kHi to 2.4MHz. | yreng
Over sampled bitstream output. Data is valid if
clock is LOW (LMV1022). The data of the
LMV1023 is valid when clock is HIGH. When
Data Output B2 Data the data is not valid the data output is high
impedance. For exact specifications, see
Application Section.
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings®®

Supply Voltage 3.8V
ESD Rating© 2000V
ESD Rating® 200V
Storage Temperature Range —65°C to 150°C
Junction Temperature Tyyax® 150°C max
Mounting Temperature

Infrared or Convection (20 sec.) 235°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur, including inoperability and degradation of
device reliability and/or performance. Functional operation of the device and/or non-degradation at the Absolute Maximum Ratings or
other conditions beyond those indicated in the Recommended Operating Conditions is not implied. The Recommended Operating
Conditions indicate conditions at which the device is functional and the device should not be operated beyond such conditions. All
voltages are measured with respect to the ground pin, unless otherwise specified

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(3) Human body model, applicable std. JESD22-A114C.

(4) Machine model, applicable std. JESD22-A115-A.

(5) The maximum power dissipation must be derated at elevated temperatures and is dictated by Tyyax, 834, and the ambient temperature,
Ta. The maximum allowable power dissipation is Ppyax = (Timax - Ta) / 634 Or the number given in Absolute Maximum Ratings,
whichever is lower. For the LMV1022, LM1023 see power derating curves for additional information.

Operating Ratings®

Supply Voltage® 1.6V to 3.6V
Input Clock Frequency 800kHz to 2.4MHz
Duty Cycle 40% to 60%
Operating Temperature Range -40°C to 85°C

(1) The Electrical Characteristics tables list ensured specifications under the listed Recommended Operating Conditions except as
otherwise modified or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and
are not ensured.
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1.8V Electrical Characteristics®

Unless otherwise specified, all limits are ensured for T; = 25°C, Vpp = 1.8V, V| = 18MVpp, fck = 1.2MHz, Duty Cycle = 50%
and 100nF capacitor between Vgge and GND.

» LMV1022/ LMV1023 Units
Symbol Parameter Conditions - > — L
Typical @ Limit® (Limits)
. . . fin = 1kHz, A-Weighted, output = - .
SNR Signal to Noise Ratio 23 5dBES 61 56 dB (min)
enp Digital Noise fioor of the ADC Bandwidth = 10 kHz Non Weighted @ 96 dBFS
(Integrated )
Electrical A-Weighted 5 V
enA Noise Floor (Input Referred) - - g = HYRus
Acoustic A-Weigthed ®) -32 dBSPL
DR Dynamic range 85 80 dB (min)
THD Total Harmonic Distortion fin = 1kHz, V|y = 18mVpp 0.05 %
THD+N | fOtal Harmonic Distortion and ¢~ 347, v,y = 18mVep A-Weighted 0.1
— . Vin = GND, Test Signal on Vpp, 217Hz,
PSRR Power Supply Rejection Ratio 400mVpp Input referred. 87 dB
v Max Input Signal fin = 1kHz, THD < 1% 150 mVpp
N Acoustic Overload Point f = 1kHz, THD < 10%® 115 dBSPL
Max Digital Output level fin = 1kHz, THD < 1% -5
VDout _ _ = dBFS
Acoustic Overload Point fiy = 1kHz, THD < 10%® -3
FCLK =1.2MHz 17 Hz
fLow Lower -3dB Corner Frequency
Fcik = 2.4MHz 33 Hz
Cin Input Capacitance 2 pF
Rin Input Impedance Vin = O0Vpe >1000 MQ
\L/(I)Na; GND, CLK = ON, High Impedance 05 0.75 mA (max)
. Supply Current Vin = GND, CLK = OFF, High Imped
N ' = ©rF, High Impedance 0.45 0.6 mA (max)

Product Folder Links: LMV1022 LMV1023

(1) The Electrical Characteristics tables list ensured specifications under the listed Recommended Operating Conditions except as
otherwise modified or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and
are not ensured.

(2) Typical values represent most likely parametric norms at To = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not ensured.

(3) Datasheet min/max specification limits are ensured by test or statistical analysis.

(4) Quantization Noise level of the modulator (verified by simulation)

(5) Calculated for Typical microphone as described in the Application Section, Digital Microphone
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3.3V Electrical Characteristics®

Unless otherwise specified, all limits are ensured for T; = 25°C, Vpp = 3.3V, V|y = 18MVpp, fck = 2.4MHz, Duty Cycle = 50%
and 100nF capacitor between Vgge and GND.

» LMV1022/ LMV1023 Units
Symbol Parameter Conditions - — L
Typical @ Limit® (Limits)
. . . fin = 1kHz, A-Weighted, output = - .
SNR Signal to Noise Ratio 23 5dBES 61 56 dB (min)
enp ('?Agtgg'r;\:g('f;* floor of the ADC Bandwidth = 20 kHz Non Weighted @ 96 dBFS
Electrical A-Weighted 5 V
enA Noise Floor (Input Referred) - - g = HYRus
Acoustic A-Weigthed ®) -32 dBSPL
DR Dynamic range 85 80 dB (max)
THD Total Harmonic Distortion fin = 1kHz, V|y = 18mVpp 0.05 %
THD+N | fOtal Harmonic Distortion and ¢~ 347, v,y = 18mVep A-Weighted 0.1
— . Vin = GND, Test Signal on Vpp, 217Hz,
PSRR Power Supply Rejection Ratio 400mVpp Input referred. 87 dB
v Max Input Signal fin = 1kHz, THD < 1% 150 mVpp
N Acoustic Overload Point f = 1kHz, THD < 10%® 115 dBSPL
Max Digital Output level fin = 1kHz, THD < 1% -5
VDout _ _ = dBFS
Acoustic Overload Point fiy = 1kHz, THD < 10%® -3
FCLK =1.2MHz 17 Hz
fLow Lower -3dB Corner Frequency
Fcik = 2.4MHz 33 Hz
Cin Input Capacitance 2 pF
Rin Input Impedance Vin = O0Vpe >1000 MQ
\L/(I)Na; GND, CLK = ON, High Impedance 0.6 0.9 mA (max)
. Supply Current® Vin = GND, CLK = OFF, High Imped
N ' = ©rF, High Impedance 0.5 0.65 mA (max)

(1) The Electrical Characteristics tables list ensured specifications under the listed Recommended Operating Conditions except as
otherwise modified or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and
are not ensured.

(2) Typical values represent most likely parametric norms at To = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not ensured.

(3) Datasheet min/max specification limits are ensured by test or statistical analysis.

(4) Quantization Noise level of the modulator (verified by simulation)

(5) Calculated for Typical microphone as described in the Application Section, Digital Microphone

(6) The Supply Current depends on the applied Clock Frequency and the load on the DATA output.
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Digital Interface Electrical Characteristics

Unless otherwise specified, all limits are ensured for T; = 25°C, 1.6V < Vpp < 3.6V, V| = 18 mVpp, 800kHz < fr « < 2.4 MHz,
Duty Cycle = 50% and 100nF capacitor between Vgege and GND.

. . 1) imite (2) Units
Symbol Parameter Conditions Typical Limits (min/max)
Viow CLOCK Logic Low Level 0.1*Vpp V (max)
VHiGH CLOCK Logic High Level 0.9*Vpp V (min
VoL DATA Output Logic Low Level Isink = 0.5mA 0.1 V (min)
Vou DATA Output Logic High Level lsource = 0.5mMA Vpp-0.1V V (max
Time from CLOCK Transition to DATA LMV1022: On Rising Edge of the CLOCK
thz Becoming High Impedance (See also ] : 65 ns
Figure 26 in the Application Section) LMV1023: On Falling Edge of the CLOCK
Time from CLOCK Transition to DATA LMV1022: On Falling Edge of the CLOCK
tov Becoming Valid (See also Figure 26 in . 90 ns
the Application Section) LMV1023: On Rising Edge of the CLOCK

(1) Typical values represent most likely parametric norms at To = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not ensured.
(2) Datasheet min/max specification limits are ensured by test or statistical analysis.
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TYPICAL PERFORMANCE CHARACTERISTICS

Unless otherwise specified, measurements are performed on an LMV1022/ LMV1023 with Vpp = 1.8V, Clock Duty Cycle =
50% and a 100nF capacitor is placed between Vger and GND, T, = 25°C, V;, =18 mV,,

Output Spectrum
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Unless otherwise specified, measurements are performed on an LMV1022/ LMV1023 with Vpp = 1.8V, Clock Duty Cycle =

50% and a 100nF capacitor is placed between Vger and GND, T; = 25°C, V;, =18 mV,,,
THD and Output Level vs. Frequency

THD and Output Level vs. Frequency )
at 32kbit/s, CLOCK Frequency = 1.6MHz at 48kbit/s, CLOCK Frequency = 2.4MHz,
Vin = 50mVp, Vin = 50mVp,
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Unless otherwise specified, measurements are performed on an LMV1022/ LMV1023 with Vpp = 1.8V, Clock Duty Cycle =
50% and a 100nF capacitor is placed between Vger and GND, T; = 25°C, V;, =18 mV,,,

PSRR vs. Frequency for Vpp = 1.8V and 3.3V PSRR vs. Frequency for Vpp = 1.8V and 3.3V
at 16kbit/s, CLOCK Frequency = 0.8MHz at 48kbit/s, CLOCK Frequency = 2.4MHz
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APPLICATION SECTION

The LMV1022 and LMV1023 consist of a pre-amplifier and sigma-delta converter for placement inside an electret
condenser microphone (ECM). The output of the LMV1022/ LMV1023 is a robust digital serial bit stream
eliminating the sensitive low-level analog signals of conventional JFET microphones. This application section
describes, among others, a typical application, a sensitivity comparison between different ECM types, stereo
operation and layout recommendations on the ECM PCBs.

TYPICAL APPLICATION

Figure 17 depicts a typical application, where the LMV1022 or LMV1023 is built inside the ECM canister. This
ECM can be directly connected to a DSP in a digital audio system, like a baseband chip in a cell phone.
Connecting is easy because of the digital LMV1022/ LMV1023 interface. A digital filter in the DSP or Baseband
decimates the audio signal.
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Figure 17. Typical Application

LOW FREQUENCY CUT OFF FILTER

To reduce noise on the output of the microphone a low frequency cut off filter has been implemented. This filter
reduces the effect of wind and handling noise. It's also helpful to reduce the proximity effect in directional
microphones. This effect occurs when the sound source is very close to the microphone. The air pressure wave
results in very low frequency, large amplitude signals that when amplified gives a 'plop' sound. This large signal
can cause a temporary overload in the amplifier, which results in distortion of the signal The corner frequency of
the integrated high pass filter is linear proportional to the input clock frequency of the part.
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BUILT-IN PRE-AMPLIFIER / ADC

The LMV1022/ LMV1023 are offered in a space saving small 6-bump DSBGA package in order to fit inside small

ECM canisters. The LMV1022 or LMV1023 IC is placed on the PCB. This PCB forms the bottom of the
microphone, which is placed in the device.

=

IC ——» PCB ——» Microphone —» Cellphone
Figure 18. Built-in Pre-Amplifier / ADC

Figure 19 depicts a cross section of a microphone with the IC inside the ECM canister. The PCB of the
microphone has 4 pads that connects Vpp, Ground, DATA and the CLOCK.

METAL
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¥

|\

Z

Z1
q INPUT
CONTACT
INPUT > RING
=

]
\_J ) L_J)F‘“‘GND

Vbbp

> DATA
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Figure 19. Cross section of a Microphone
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A-WEIGHTED FILTER

The human ear has a frequency range from about 20Hz to 20kHz. Within this range the sensitivity of the human
ear is not equal for each frequency. In order to approach a natural hearing response, weighting filters are
introduced. One of these filters is the A-weighted filter. The A-weighted filter is commonly used in signal-to-noise
ratio measurements, where sound is compared to device noise. The filter improves the correlation of the
measured data to the signal-to-noise ratio perceived by the human ear.
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Figure 20. A-Weighted Filter

SENSITIVITY

Sensitivity is a measure for the transfer from the applied acoustic signal to the output of the microphone.
Conventional JFET microphones and microphones with built-in gain have a sensitivity that is expressed in
dB(V/Pa), where 0dB = 1V/Pa. A certain pressure on the electret of the microphone gives a certain voltage at the
output of the microphone. Because a microphone using the LMV1022/ LMV1023 has a digital output, the
sensitivity will be stated in dB(Full Scale/Pascal) or dB(FS/Pa) as opposed to conventional microphones. This
section compares the various microphone types and their sensitivity. Examples are given to calculate the
resulting output for a given sound pressure.

Sound Pressure Level

The volume of sound applied to a microphone is usually stated as a sound pressure in dB SPL. This unity of dB
SPL refers to the threshold of hearing of the human ear. The sound pressure in decibels is defined by:

SPL = 20 log (Py/Po)

where
e SPL is the Sound Pressure in dB SPL
e Py is the measured absolute sound pressure in Pa
e Pgis the threshold of hearing (20uPa) Q)

In order to calculate the resulting output voltage of the electret element for a given sound pressure in dB SPL,
the absolute sound pressure Py, must be known. This is the absolute sound pressure in decibels referred to 1Pa
instead of 20pPa.

The absolute sound pressure Py, in dBPa is given by:

Pw = SPL (dB SPL) + P (dBPa) 2)
Py = SPL + 20*log 20pPa 3)
Py = SPL - 94dB (4)
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JFET Microphone

Translation from the absolute sound pressure level to a voltage can be done when the electrets sensitivity is
known. A typical electret element has a sensitivity of —44dB(V/Pa). This is also the typical sensitivity humber for
the JFET microphone, since a JFET usually has a gain of about 1x (0dB). A block diagram of a microphone with
a JFET is given in Figure 21.

Example: Busy traffic has a sound pressure of 70dB SPL.

Microphone Output =SPL +C + S

where
e SPL is the Sound Pressure in dB SPL
e Cisthe dB SPL to dBPa conversion (-94dB)
e Sis the Sensitivity in dB(V/Pa)
e Microphone Output = 70 — 94 — 44 = -68dBV (5)

This is equivalent to 1.13mVpp.

The analog output signal is so low that it can easily be distorted by interference from outside the microphone.
Additional gain is desirable to make the signal less sensitive to interference.

Microphone with JFET

Microphone
Sound Pressure Abs. Sound Pressure JFET .
[dB SPL] [dBPa] Analog Mic Output
[dBV] Gain y [Bv]
P{-94 dB »{ Electret 0dB »

Microphone with LMV1015 Preamplifier

Microphone
LMV1015

Analog Mic Output
[dBV] Gain LY
AR

Digital Microphone with LMV1022 Preamplifier / ADC

Sound Pressure Abs. Sound Pressure
[dB SPL] [dBPa]

] -94 dB

) 4

Electret

Microphone
Sound Pressure Abs. Sound Pressure LMV1022 Digital Mic Output
[dB SPL] [dBPa]
R [dBV] 9BV [oc . [dBFS]
—Pp]-94dB »{ Electret >
21dB -0.5dB
U
Figure 21. Microphone Sensitivity
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Microphone with Additional Gain

When gain is added to the electret element, the analog signal becomes larger and therefore more robust. This
can be accomplished by using a pre-amplifier with a higher gain than the JFET. The sensitivity of the microphone
consists of the sensitivity of the electret plus the gain of the pre-amplifier. When choosing Texas Instruments'
LMV1015-15 for instance, a gain of 15dB is added by the pre-amplifier. This results in a sensitivity of
—29dB(V/Pa) with a typical electret element of —44dB(V/Pa). Texas Instruments has a wide range of pre-
amplifiers with different gain factors, which can be used to replace the JFET inside the microphone canister.
Please visit www.ti.com for more information on the LMV1015 and LMV1032 pre-amplifier series. A block
diagram with the LMV1015 pre-amplifier inside an ECM is given in Figure 21.

When taking the same example of busy traffic (70dB SPL), the output voltage of the microphone with the
LMV1015 is:
Microphone Output=SP +C + S

where
e SPis the Sound Pressure in dB SPL
* Cisthe dB SPL to dBPa conversion (-94dB)
e Sis the Sensitivity in dB(V/Pa)
e Microphone output = 70 - 94 - 29 = -53dBV (6)

This is equivalent to 6.33mVpp.

The pre-amplifier with additional gain reduces the impact of noise on the wiring and traces from the microphone
to the baseband chip significantly. To reduce interference further, an Analog-to-Digital converter is integrated in
both the LMV1022and LMV1023, realizing a digital interface between the microphone and the baseband.

Digital Microphone

By integrating the Analog-to-Digital converter (ADC) in the LMV1022/ LMV1023 all analog signals are kept within
the “shielded” microphone canister. The output is a digital interface that is robust and insensitive to interference
and noise from outside the canister. The output is expressed in dBFS and therefore the sensitivity is also stated
in dB(FS/Pa) instead of dB(V/Pa). To calculate the digital output (Data) in dBFS the following equation can be
written for the LMV1022/ LMV1023:

P
Digital Output = 10 LOG ['“P“T] +A
Prer
where
* Pger is the reference power, which is defined as the maximum allowed input power (Full Scale).
*  Pypur is the applied power on the input pin and “A” is the gain of the pre-amplifier in decibels. (7)

Written into voltages, the equation is:

V,
Digital Output = 20 LOG | ot | + A
VRer (8)
Or in decibels:

Digital Output (dBFS) = Input (dBV) - Reference (dB) + A

where
* Input =20 Log Vinput (VRMs)
* Ref=20Log Vger (Vrus)
« Alisthe Gain (dB) 9)

For the LMV1022/ LMV1023 the reference voltage Vgegr is 1.5Vp (1.06 Vgys) and the Gain A is 21dB. These
parameters are fixed inside the device. Knowing this, Equation 8 can be simplified:

Digital Output (dBFS) = Vypyr (dBV) + 20.5 (12)
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The sensitivity of the digital microphone is the sensitivity of a conventional microphone plus the input to output
transfer of the LMV1022/ LMV1023. The sensitivity of a typical digital microphone is therefore:

-44 + 20.5 = -23.5dB(FS/Pa). (12)

Digital Output=SP +C + S

where
e SPisthe Sound Pressure in dB SPL
e Cisthe dB SPL to dBPa conversion (-94dB)
e Sis the Sensitivity in dB(V/Pa) (13)

Taking the example of busy traffic (70 dB SPL) again results in the following digital output (dBFS):
Digital Output (dBFS) = SP -C + S (14)
Digital Output (dBFS) = 70 - 94 - 23.5= -47.5dBFS (15)
ANALOG-TO-DIGITAL CONVERTER

The ADC used in the LMV1022/ LMV1023 is an one bit sigma-delta converter with a Pulse Density Modulated
output signal (PDM). The output of this ADC can be either High (one) or Low (zero). Assume that the LMV1022/
LMV1023 input is at the minimum level. In that case the DATA output will produce almost only “zeros”. When the
input increases, the amount of “ones” increases too. At mid-point, where the input is 0V, the number of “zeros”
will equal the number of “ones”. At the time that the input approaches the maximum level, the DATA output
produces a majority of “ones”. Figure 22 shows the resulting DATA output as function of the input.

DATA

INPUT
Figure 22. DATA Output versus Input Amplitude
An important characteristic of the sigma-delta converter is that the noise is shifted out of the band of interest to
frequencies above the band of interest. The band that can be used (Audio Bandwidth) relates directly the applied

clock frequency. Table 2 shows the relation between the Clock Frequency and a couple of common Audio
Bandwidths.

Table 2. Audio Bandwidth vs. Clock Frequency

Clock Frequency Sample Rate after Decimation Audio Bandwidth
(MHz) (kbit)/s (kHz)
0.8 16 7
1.2 24 10
1.6 32 14
2.4 48 20
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The high corner of the band of interest (knee) is determined by the clock frequency divided by 2 times the Over
Sampling Ratio (OSR). The factor of two comes from the Nyquist theorem. The OSR of this particular ADC is
chosen at 60. This sets the high corner of the band at the clock frequency divided by 120. For instance when a
bandwidth of 10kHz is desired, the clock frequency needs to be 1.2MHz or higher. Figure 23 depicts the noise
shaping effect in a frequency spectrum plot, where a 1 kHz signal is applied.

0 4.2M POINTS FFT

OUTPUT (dBFS)
5 8 8 8 &8 & 8

-160

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

Figure 23. Frequency Spectrum

A low-pass decimation filter implemented in the baseband chip or DSP eliminates the noise above the band of
interest. The resulting frequency spectrum contains only the frequency components left within the band of
interest. Figure 24 depicts the frequency spectrum after filtering.
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Figure 24. Frequency Spectrum after Filtering
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STEREO OPERATION

The LMV1022 and the LMV1023 are designed to operate together in a stereo solution with two microphones.
One microphone will have a LMV1022 built-in and the other will have a LMV1023 built-in. These two
microphones share the same interface lines to minimize wiring (Figure 25).

¢ < cLock

{T DATA

LMV1023_ 7 \ ) LMV1022

<] Vop
l <] GND

Figure 25. Stereo Application

Both microphones produce valid data in only one half of a clock cycle to allow the two microphones to operate on
the same I/O lines (Data and Clock). To avoid overlap between the drivers of the microphones, one microphone
always goes into a high impedance state before the second microphone starts driving the data-line. The edge of
this clock is the proper moment for latching the data to the attached application. The LMV1022 is positive edge
triggered while the LMV1023 is negative edge triggered. The timing between the two microphones is shown in
Figure 26. For exact timing values, please see the Electrical Characteristics table.

bV _p e i e DV
HZ ! lig— - e HZ
CLOCK '
DATA Y pata W DATA DATA
LMV1022 A VALD A HIGHZ VALID
DATA { DATA DATA DATA
LMV1023 A HIGHZ A VAL HIGH Z

Figure 26. Timing Stereo Application
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LAYOUT CONSIDERATIONS

To obtain the best possible performance from the microphone, special care needs to be taken for the design of
the PCB. The V) trace is very sensitive as it is connected to the high impedance electret element. It is essential
to isolate and shield the V| trace as much as possible from the digital signal traces (DATA and CLOCK). This
needs to be done to avoid any switching noise coupling directly into the input of the IC. An example of a PCB
layout is given in Figure 28. The microphone PCB has two capacitors. One capacitor (100nF) is connected to the
reference pin of the LMV1022/ LMV1023. The other capacitor (100nF) is used as decoupling for high frequencies
on the supply. No capacitors should be placed on the data output of the LMV1022/ LMV1023 since it will only
load the output driver and would degrade the performance. This is opposite to the regular analog phantom
biased microphones, where capacitors are needed to improve RFI.

VREF Vbb

i
czI 01I

T

|
|
|
|

| Vbbp
100 nF | 100 nF |
B1 A2 I
INPUT |

RING | CLOCK
c2 Al I <
LMV1022/23 |
DATA
B2 | >
e |
c1 I
|
GND I GND

|
|
|

INSIDE MICROPHONE CANNISTER CONNECTION WIRES

Figure 27. Application Schematic for PCB Layout

TOP LAYER
(SILKSCREEN)

TOP LAYER BOTTOM LAYER

Figure 28. PCB Layout

DEMOBOARD

The LMV1022/LMV1023 demo board provides a means for easy evaluation of digital PDM microphone amplifiers
like the LMV1022, LMV1023, LMV1024 and LMV1026. The demo board has the LMV1022 and the LMV1023 in
the 6 pin DSBGA package mounted ready for evaluation. This demo board also provides the means by using a
DIP socket to evaluate parts on DIP conversion boards and offers a four pin interface to connect other digital
PDM sources like microphones containing LMV1022 alike parts. The user guide for this demoboard can be found
as application note SNAA054.

Revision History

Rev Date Description
1.0 04/04/08 Initial release.
B 04/11/13 Changed layout of National Data Sheet to TI format.
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