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EVALUATION KIT AVAILABLE

MAX98374

General Description

The MAX98374 is a high-efficiency, mono Class D
speaker amplifier featuring dynamic headroom tracking
(DHT) and brownout protection. As the power-supply volt-
age varies due to sudden transients and declining battery
life, DHT automatically optimizes the headroom available
to the Class D amplifier to maintain a consistent listening
experience. A wide 5.5V to 16V supply range allows the
device to exceed 16W into an 8Q load.

The flexible digital interface supports either the MIPI
SoundWire® compatible interface for audio and control
data, or the PCM interface for audio data and a standard
I2C interface for control data. The PCM interface supports
128, left-justified, and TDM audio data formats at 16-, 32-,
44 .1-, 48-, 88.2-, and 96kHz sample rates with 16-, 24-,
and 32-bit data. In TDM mode, the device can support up
to 16 channels of audio data. A unique clocking structure
eliminates the need for an external master clock for PCM
communication, which reduces pin count and simplifies
board layout.

Active emissions limiting (AEL), spread spectrum modula-
tion (SSM), and edge rate control minimize EMI and elimi-
nate the need for the output filtering found in traditional
Class D devices.

Thermal foldback protection ensures robust behavior
when the thermal limits of the device are reached. When
enabled, it automatically reduces the output power when
the temperature exceeds a user specified threshold. This
allows for uninterrupted music playback even at high
ambient temperatures. Traditional thermal protection is
also available in addition to robust overcurrent protection.

A flexible brownout-detection engine (BDE) can be
programmed to initiate various gain reductions, signal
limiting, and clip functions based on supply voltage sta-
tus. Threshold, hysteresis, and attack/release rates are
programmable.

The device is available in a 0.4mm pitch, 25-bump wafer-
level package (WLP), or in a 0.4mm pitch, 22-pin FCQFN
package. The device operates over the extended -40°C to
+85°C temperature range.

MIPI SoundWire is a registered trademark of MIPI Alliance, Inc.
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Digital Input Class D Speaker Amplifier with DHT

Benefits and Features

e Wide Input Supply Range (5.5V to 16V)

e Dynamic Headroom Tracking (DHT) Maintains a
Consistent Listening Experience

e Integrated Thermal Protection and Output Foldback

e Remote Output Sensing Allows up to 20dB THD+N
Improvement with Ferrite Bead Filters

e Class D EMI Reduction Enables Filterless Operation
+ Active Emissions Limiting (AEL)
» Spread-Spectrum Modulation (SSM)
» Switching Edge Rate Control

e 110dB A-Weighted Dynamic Range
e (0.006% THD+N at 3W into 8Q, f = 1kHz
e 0.025% THD+N at 3W into 8Q), f = 6kHz

e Output Power at 1% THD+N:
« 13.5Winto 8Q, Vpypp = 16V
* 12.5W into 4Q, Vpypp = 12V

e Output Power at 10% THD+N:
* 16.9W into 8Q, Vpypp = 16V
* 15.3Winto 4Q, Vpypp = 12V

e Speaker Amplifier Efficiency:
* 90.5% at 10W into 8Q, Vpypp = 12V
* 81% at 15.3W into 4Q, Vpypp = 12V

e BDE Provides Supply Brownout Protection
e Extensive Click-and-Pop Suppression

e Space Saving Packages
e 25-Bump WLP (2.17mm x 2.25mm x 0.64mm,
0.4mm Pitch)

e 22-Pin FCQFN (3mm x 3mm x 0.55mm,
0.4mm Pitch)
Applications

e Tablets
e Notebook Computers
e Sound Bars

Ordering Information appears at end of data sheet.
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Absolute Maximum Ratings

PVDD t0 PGND .....cciiiiiiieiiie e -0.3V to +18V Continuous Power Dissipation
AGND, DGND to PGND........cccocoiiiiiiiiiiiicee -0.1V to +0.1V (Ta = +70°C) for Multilayer Board
DVDD t0 DGND ..ot -0.3V to +2.15V (derate 19.07mW/°C above +70°C, WLP).................. 1.53 W
OUTP, OUTN to PGND . -0.3V to Vpypp + 0.3V Continuous Power Dissipation
OUTPSNS, OUTNSNS to PGND........cccoceevieniinne -0.3V to +18V (Ta = +70°C) for Multilayer Board
VREFC to AGND .....oooiiiiiiiiieeee e -0.3V to +5.5V (derate 25mW/°C above +70°C, FCQFN)...........c........ 20W
SDA, SCL, ADDR to DGND ......cooveeieieieiiiiiieeeeee -0.3V to +5.5V Junction Temperature..........ccoccvvveiiiiiee e +150°C
All other digital pins to DGND -0.3V to Vpypp + 0.3V Operating Temperature Range....... ... -40°C to +85°C
Short-Circuit Duration Between OUTP, Storage Temperature Range........ .. -65°C to +150°C
OUTN, and PVDD or PGND..........cccociviiinienen Continuous Soldering Temperature (reflow)...........cccocceiiiiiiiicncnn +260°C
Short-Circuit Duration Between OUTP
aNd OUTN oo Continuous

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these
or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Package Thermal Characteristics (Note 1)

WLP
Junction-to-Ambient Thermal Resistance (8,4) ....... +52.43°C/W
FCQFN
Junction-to-Ambient Thermal Resistance (8a) -....... +40°C/W
Junction-to-Case Thermal Resistance (8,¢)............ +1.5°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

Electrical Characteristics

(Vpvbp = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1uF + 1x220uF, Cpypp = 14F, ZyreFc = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Timax unless otherwise noted. Typical values are at Tp = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS
Power-Supply VpPvDD 5.5 16 v
Voltage Range VpvbD 1.71 1.89
PVDD Undervoltage- .

Lockout Vpvbp_uvLo | Vpvop Falling 4.1 v
DVDD Undervoltage- .

Lockout Vpvbpb_uvLo | Vpvop Falling 1.2 \

_ SPK_FSW_SEL=0 6.5

Quiescent Current lg_PvDD SPK FSW SEL=1 s mA
Quiescent Current lQ_pvDD 2.12 mA
Software Shutdown | PCM interface inputs | IPVDD 5 A
Supply Current SHDN_sw pulled low, Ta = +25°C | IDVDD 20 H
Hardware Shutdown | RESET = 0V, IPVDD 5 A
Supply Current SHDN_HW Tp =+25°C IDVDD H
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MAX98374

Digital Input Class D Speaker Amplifier with DHT

Electrical Characteristics (continued)

(VpvpD = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1pF + 1x220uF, Cpypp = 14F, ZyrerFc = 10pF
+ 30Q), Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Tp = TN to Timax unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS
Volume ramping
. 4.8
. From EN bit setto 1 | disabled
Turn-On Time toN . ms
to full operation Volume ramping
6.4
enabled
Volume ramping
. 0.01
) From EN bit set to 0 disabled
Turn-Off Time toFF ms
to shutdown Volume ramping
1.8
enabled
DIGITAL FILTER CHARACTERISICS (fg < 50kHz) (Note 4)
Valid Sample Rates 16 48 kHz
Ripple <& 0.4535 x f
Passband feLp P S Hz
Droop < -3dB 0.459 x fg
Passband Ripple op f < fp_p, referenced to signal level at 1kHz -0.1 +0.1 dB
Stopband fsLp Attenuation > &g 0.49 x fg Hz
Stopband Attenuation 0s f>fg p 80 dB
Max Group Delay f = 1kHz, all sample rates 8 samples
DIGITAL FILTER CHARACTERISICS (fg > 50kHz) (Note 4)
Valid Sample Rates 88.2 96 kHz
Ripple <& 0.23 x f;
Passband feLp P S Hz
Droop < -3dB 0.31xfg
Passband Ripple op f < fp_p, referenced to signal level at 1kHz -0.1 +0.1 dB
Stopband fsLp Attenuation > &g 0.49 x fg Hz
Stopband Attenuation 0s f>fg p 80 dB
Group Delay f = 1kHz, all sample rates 13 samples
DIGITAL HIGHPASS FILTER CHARACTERISTICS (Note 4)
DC Attenuation 80 dB
DC Blocking Cutoff Scales with sample rate 1.872 Hz
Frequency
DIGITAL VOLUME CONTROL
Maximum Digital SPK_VOL[6:0] = 0x00 0 dB
Volume
Minimum Digital SPK_VOL[6:0] = OX7E 63 dB
Volume
Digital Volume
Control Step Size 0.5 dB
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Electrical Characteristics (continued)

(VpvpD = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1pF + 1x220uF, Cpypp = 14F, ZyrerFc = 10pF
+ 30Q), Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Tp = TN to Timax unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS
SPEAKER AMPLIFIER ELECTRICAL CHARACTERISTICS
Output Offset Voltage Vos Ta = +25°C, SPK_GAIN_MAX = 0x9 +1 +3 mV
Audio playback
VpEak, Ta = +25°C, Zi.len;,I admbpliﬁerl;tw -66
isabled by software
Click-and-Pop Level Kep 32 samples per dBV
§econd, zero-code Audio playback
input, A-weighted silent, amplifier -60
enabled by software
Vpypp = 16V, Z = 8Q + 33uH, measured
Dynamic Range DR using thg EIAJ method, -60dBFS at 1kHz 110 4B
output signal, referenced to output power
at THD+N = 1%, A-weighted
A-weighted 35
Inte_:grated Output eN 7, =80 + 33uH WVRMS
Noise Unweighted 45
Z, =8Q +33uH 7.7
Vpvpp = 16V,
THD+N < 1%, Z =8Q + 33uH, 135
f=1kHz SPK_GAIN_MAX ’
=0x9
Z, =4Q + 33pH 12.5
Output Power PouTt W
Z, =8Q +33uH 9.6
Vpvpp = 16V,
THD+N < 10%, Z =8Q + 33uH, 16.9
f=1kHz SPK_GAIN_MAX ’
=0x9
Z, =4Q + 33pH 15.3
PouTt = 10W, o
Z, =8Q +33pH 905 %
Efficiency NsPK f=1kHz
PouTt = 15.3W, 81.0 Y
Z| =4Q + 33uH ' °
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MAX98374

Digital Input Class D Speaker Amplifier with DHT

Electrical Characteristics (continued)

(VpvpD = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1pF + 1x220uF, Cpypp = 14F, ZyrerFc = 10pF
+ 30Q), Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Tp = TN to Timax unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS
PouT = 3W, Zgpk = 8Q + 33puH 0.005
WLP
f= 1kHz Pack 0.008
Pout = 6W, ackage
z =4Q + 33uH
SPK M FCQFN 0010
Package
; WLP
Total Harmonic 0.025 o
Distortion + Noise THD+N ;OUT =§’(\;V 330H Package o
= +
SPK M FCQFN 0035
Package
f = 6kHz Wip
0.025
PouT = 6W, Package
z =4Q + 33uH
SPK M FCQFN 0035
Package
Maximum Frequency Maximum deviation above and below 1kHz
L +0.25 dB
Response Deviation reference
Gain Error AVERROR f=1kHz, Vo = 2.828VRMs -0.5 +0.5 dB
Maximum Output phase shift between multiple
Channel-to-Channel devices from 20Hz to 20kHz across all 1 °
Phase Error sample rates
Vpypp = 5.5V to 16V 85
. f =217kHz 80
PV'DD.Power.SuppIy PSRR RIPPLE 4B
Rejection Ratio VRippLE = 100mVp.p | frippLE = TkHZ 80
fripPLE = 10kHz 67
DVDD Power-Supply _ _
Rejection Ratio PSRR frRiPPLE = 1kHz, VRippLE = 50mVp_p 83 dB
Constant across all SPK_FSW_SEL =1 330
sample rates in the
Output Switching . 48kHz family SPK_FSW_SEL =0 472 cHy
Frequency sw Constant across all SPK_FSW_SEL =1 322
sample rates in the
44.1kHz family SPK_FSW_SEL =0 451
Output Stage
On-Resistance RoN PMOS + NMOS 425 mQ
Current Limit ILim 4.5 6.0 A
SPK_FSW_SEL =1, SPK_SSM_EN =1,
+23
Spread-Spectrum MMI = 3/6 KHz
Bandwidth SPK_FSW_SEL =0, SPK_SSM_EN =1, 128
MMI = 1/6 -

www.maximintegrated.com
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MAX98374

Digital Input Class D Speaker Amplifier with DHT

Electrical Characteristics (continued)

(VpvpD = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1pF + 1x220uF, Cpypp = 14F, ZyrerFc = 10pF
+ 30Q), Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Tp = TN to Timax unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS
BROWNOUT-DETECTION ENGINE (BDE)
II?)IZIE G‘I?ﬂ?ttlag;in Measurement ADC sample rate set to 13 20 s
Y 333kHz, PVDD channel filter disabled H
Change
IIZB)EIE G_:::;Att(t)ack Measurement ADC sample rate set to 5 s
Y 333kHz, PVDD channel filter disabled W
Interrupt
THERMAL SHUTDOWN
Trigger Point THERMSHDN_THRESH = 0x27 150 °C
Maximum Thermal THERM_HYST = 0x3 6.4 °c
Hysteresis -
MEASUREMENT ADC PVDD CHANNEL
Resolution 8 Bits
Absolute Error 1.2 %
ADC Voltage Range 5.35 16.15 \%
DIGITAL I/O CHARACTERISTICS
INPUT (LRCLK, ICC, RESET)
Input-Voltage High Vin 0.7x Vv
VbvbD
Input-Voltage Low Vi 0-3x v
VbvbD
Input Leakage
- +
Current 3 3 WA
0.15 x
Input Hysteresis V Vv
p y HYST VbvDD
Input Capacitance CiN 5 pF
Internal Pulldown RpD LRCLK and ICC 1 MQ
Resistance
INPUT (SDA, SCL, ADDR)
Input-Voltage High Vin 0.7'x v
VbvbD
Input-Voltage Low ViL 0.3x Vv
VbvbD
Input Leakage _ o .
Current Ta = +25°C, input high -1 +1 MA
Input Hysteresis VHYST 200 mV
Input Capacitance CiN 10 pF

www.maximintegrated.com
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MAX98374

Digital Input Class D Speaker Amplifier with DHT

Electrical Characteristics (continued)

(VpvpD = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1pF + 1x220uF, Cpypp = 14F, ZyrerFc = 10pF
+ 30Q), Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Tp = TN to Timax unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITION MIN TYP MAX | UNITS
INPUT (DIN/SWDATA, BCLK/ISWCLK—PCM INTERFACE MODE)
Input-Voltage High Vin 0-65 x Vv
VbvbD
Input-Voltage Low Vi 0-35 x Vv
VbvbD
Input Leakage
Current o *S WA
BCLK/SWCLK (Note 3) 0-10x
_ VbvbD
Input Hysteresis VHYST \Y
DIN/SWDATA 015
Vbvbb
Input Capacitance CiN 5 pF
Internal Pulldown
Resistance RPD ! MQ
OPEN-DRAIN OUTPUT (SDA, IRQ)
Output Low Voltage VoL IsiInk = 3mA 0.4 \Y
Output High Leakage _ .
Current loH Tp =+25°C -1 +1 MA
PUSH-PULL OUTPUT (DOUT, ICC, IRQ)
Output-Voltage High VoH loH = 3mA VD(\)’gD i v
Output-Voltage Low VoL loL =3mA 0.3 \Y
Reduced drive mode 6
Normal drive mode 9
Output Current loH mA
High drive mode 15
Highest drive mode 20
INPUT/OUTPUT (DIN/SWDATA, BCLK/SWCLK—SOUNDWIRE COMPATIBLE INTERFACE MODE)
Data Input-Voltage V_IHmin_ 0.65 x
High Data DIN/SWDATA Input VoVDoD \%
Data Input-Voltage V_ILmax_ DIN/SWDATA Input 0.35 x v
Low Data VpvbDD
Clock Input Threshold
for Rising (Positive) | V_TP_Clock | BCLK/SWCLK \(/) S0 x \(/) 65x Vv
Edges DVDD DVDD
Clock Input Threshold
for Falling (Negative) | V_TN_Clock | BCLK/SWCLK 0.35x 0.50 Vv
Edges VbvbD VbvbD

www.maximintegrated.com
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MAX98374 Digital Input Class D Speaker Amplifier with DHT

Electrical Characteristics (continued)

(VpvpD = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1pF + 1x220uF, Cpypp = 14F, ZyrerFc = 10pF
+ 30Q), Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Tp = TN to Timax unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS
Clock Th.reshold V_Hys BCLK/SWCLK (Note 3) 0.10 x v
Hysteresis Clock VpvDD
Data Output-Voltage |\, o pata | DIN/SWDATA output 0.80 v
High VbvbD
Data Output-Voltage |\, o poa | DIN/SWDATA output 0.20 Vv
Low VpvDD
Input Leakage
Current ° S bA
Maximum Input
Capacitance Cin 5 PF
Pulldown Resistance Rpp 1 MQ

PCM and ICC Interface Timing Characteristics

(VpvbD = 12V, Vpypp = 1.8V, AGND = DGND = PGND = 0V, Cpypp = 2x10uF + 2x0.1uF + 1x220uF, Cpypp = 14F, ZyreFc = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Timax unless otherwise noted. Typical values are at Tp = +25°C.) (Note 2)

PARAMETER SYMBOL | CONDITION MIN TYP MAX UNITS
PCM INTERFACE CHARACTERISTICS

LRCLK Frequency Range fLRCLK 16 96 kHz
16
Word Length 24 bits
32
BCLK Duty Cycle 45 55 %
BCLK Period tBCLK 65 ns
Maximum allowable jitter before a
-20dBFS, 20kHz input has a 1dB 0.2
Maximum BCLK/LRCLK reduction in THD+N, RMS jitter < 40kHz

Input Jitt ns
nput Jitter Maximum allowable jitter before a
-60dBFS, 20kHz input has a 1dB 2.5

reduction in THD+N, RMS jitter > 40kHz
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MAX98374 Digital Input Class D Speaker Amplifier with DHT

PCM and ICC Interface Timing Characteristics (continued)

(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10uF + 2x0.1uF + 1x220pF, CDVDD = 1uF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Timax unless otherwise noted. Typical values are at Tp = +25°C.) (Note 2)

PARAMETER SYMBOL | CONDITION | MIN TYP MAX UNITS
PCM INTERFACE TIMING
LRCLK to BCLK Active

Edge Setup Time ISYNCSET 4 ns
LRCLK to BCLK Active ¢ 4 ns
Edge Hold Time SYNCHOLD

DIN to BCLK Active Edge ¢ 4 ns
Setup Time SETUP

DIN to BCLK Active Edge t 4 ns
Hold Time HOLD

DIN Frame Delay after Measured in number of BCLK cycles, 0 9 cvales
LRCLK Edge set by selected TDM mode 4

PCM DATA OUPUT (DOUT)

BCLK Inactive Edge to t 25 ns
DOUT Delay CLKTX

BCLK Active Edge to

DOUT Hi-Z Delay tHiZ 4 29 ns
BCLK Inactive Edge to

DOUT Active Delay tacTv 0 25 ns
ICC TIMING

ICC to BCLK Active Edge ¢ 4 ns
Setup Time SETUP

ICC to BCLK Active Edge t 4 ns
Hold Time HOLD

BCLK Inactive Edge to ICC

Delay teLkTX 25 ns
BCLK Active Edge to ICC

Hi-Z Delay tHiz 4 29 ns
BCLK Inactive Edge to ICC

Active Delay tacTv 0 25 ns
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MAX98374

Digital Input Class D Speaker Amplifier with DHT
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Figure 1. I12S Audio Interface Timing Diagram
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Figure 2. Left-Justified Audio Interface Timing Diagram

BCLK (INPUT)
tSYNCSET

LRCLK (INPUT)

DOUT Hi-Z

|tseTup || thowo |

DIN (INPUT)

VH
MsB VIL>%

Figure 3. TDM Interface Timing Diagram

www.maximintegrated.com

Figure 4: PCM Data Output Timing (DOUT)

Maxim Integrated | 20



MAX98374 Digital Input Class D Speaker Amplifier with DHT

I2C Interface Timing Characteristics

(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10uF + 2x0.1uF + 1x220pF, CDVDD = 1uF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Timax unless otherwise noted. Typical values are at Tp = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Serial Clock Frequency fscL 0 1000 kHz
Bus Free Time Between
STOP and START tBUF 0.5 us
Conditions
Hold Time (Repeated)
START Condition tHD STA 0.26 HS
SCL Pulse-Width Low tLow 0.5 us
SCL Pulse-Width High tHIGH 0.26 us
Setup Time for a Repeated
START Condition tsu,STA 0.26 HS
Data Hold Time tHD,DAT 0 900 ns
Data Setup Time tsu,DAT 50 ns
SDA and SCL Receiving 20 +
Rise Time R 0.1Cp 120 ns
SDA and SCL Receiving 20 +
Fall Time tF 0.1Cg 120 ns
SDA Transmitting _
Fall Time tp Vpvpp =1. 71V 20 120 ns
Setup Time for STOP
Condition 'su,sTO 0.26 HS
Bus Capacitance Cg 550 pF
Pulse Width of Suppressed
Spike tsp 0 50 ns

tsU,STA

tHD,STA :
4

COSJ SFION REPEATED START STOP START
CONDITION CONDITION CONDITION

Figure 5. I2C Timing
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MAX98374 Digital Input Class D Speaker Amplifier with DHT

SoundWire Compatible Slave Interface Timing Characteristics

(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10uF + 2x0.1uF + 1x220pF, CDVDD = 1uF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Timax unless otherwise noted. Typical values are at Tp = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Frequency of Clock f_Clock 12.7 MHz
Clock Input Duty Cycle DC_In_Clock 45 55 %
Minimum Data Output Slew | o 0 10pF < Cgys_paTA = 60pF (Note 5) 0.5 s
Time - - B0pF < Cgus_pATA < 100pF (Note 5) 1.4
Minimum Data Input Setup t_ISetup_

Time min_Data (Note 3) 0 ns
Minimum Data Input t_IHold_
Hold Time min_Data (Note 3) 4 ns
Data Output Disable Time t DZ Data (Note 3) 4 ns
Data Output Enable Time t ZD Data (Note 3) 7.9 ns
Minimum Time for Data
Output to Remain Stable t OH_Data (Note 5) 6.7 ns
Clock Edge to Valid Data

< < .
Output for Small Systems t OV_Data | 10pF < Cgys_pAarta < 60pF (Note 3) 279 ns
Clock Edge to Valid Data

< < .
Output for Large Systems t OV_Data | 10pF < Cpgys_para < 100pF (Note 3) 31.6 ns

t_ISetup_min_Data t_IHold_min_Data

MAXV_IHmin_Data — == = = = ==} — — — — — — — — — — — —
DATA INPUT
MINV_ILmax Data — == = = = = =N —-——————— —— — —

[ Ay e R S A

MAXV_TP_Clock — = = === === === ———— ———— — A
I
MINV_TP_Clock — = = = = = = = = = = — = — — — — — — — — -

CLOCK INPUT RISING
(POSITIVE) EDGE

CLOCK INPUT FALLING
(NEGATIVE) EDGE

MAX V_TN_Clock = = = = — === ———————————— N
MIN'V_TN_Clock — — — — — = — = — — = — = — e N cmm

Figure 6. SoundWire Data Input Timing Diagram
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Digital Input Class D Speaker Amplifier with DHT
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Figure 7. SoundWire Data Output Timing Diagram

www.maximintegrated.com

Maxim Integrated | 23



MAX98374 Digital Input Class D Speaker Amplifier with DHT

Device Reset Timing Characteristics

(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10uF + 2x0.1uF + 1x220pF, CDVDD = 1uF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Timax unless otherwise noted. Typical values are at Tp = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RESET Low tRESET_ Mln!mum low time for RESET to ensure ] s
LOW device shutdown

Time from rising edge of RESET to 12C
communication available

Release from RESET tioc_READY 1.5 ms

tRESET_LOW
[ E—— ]

I I
| |
RESET —\—/
I ]
tIZC_READY

|

|

|

|

|

[ »
r

|

|

'

12C_READY
(INTERNAL)

Figure 8. RESET Timing Diagram

Note 2: 100% production tested at Tp = +25°C. Specifications over temperature limits are guaranteed by design, unless
otherwise noted.

Note 3: Minimums and/or maximum limits shown are design targets and not 100% production tested.

Note 4: Digital filter performance is invariant over temperature and is production tested at Tp = +25°C.

Note 5: Values shown as typical due to limitation of production test method. Based on silicon simulation results, the typical values
shown represent the worst-case minimum for these specifications.
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MAX98374

Typical Operating Characteristics
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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Digital Input Class D Speaker Amplifier with DHT

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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MAX9

8374

Digital Input Class D Speaker Amplifier with DHT

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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MAX98374 Digital Input Class D Speaker Amplifier with DHT

Typical Operating Characteristics (continued)

(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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MAX98374

Digital Input Class D Speaker Amplifier with DHT

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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MAX98374

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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MAX98374

Digital Input Class D Speaker Amplifier with DHT

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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MAX98374

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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Digital Input Class D Speaker Amplifier with DHT
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MAX98374

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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MAX98374

Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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Typical Operating Characteristics (continued)
(VPVDD =12V, VDVDD = 1.8V, AGND = DGND = PGND = 0V, CPVDD = 2x10pF + 2x0.1uF+ 1x220uF, CDVDD = 1pF, ZVREFC = 10uF
+ 30Q, Zgpk = Open, SPK_GAIN_MAX = 0x7, SPK_FSW_SEL = 0, AC Measurement Bandwidth = 20Hz to 20kHz, PCM Interface,
fg = 48kHz, 24-bit data, Ta = TN to Tmax- Typical values are at Tp = +25°C.)
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Pin Configuration (WLP)
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Pin Configuration (FCQFN)

MAX98374

(7]
%
o [a] 4 o [a]
5 5 5 5 S
o o (o] (o] o
leo! two) i) 1ol ‘e
“ ~ “ [ ] [ ] [ ] “ ~ "
| \ ! | ! | ! | [ -
(I B R R |
- l ] l ] l ] 1 1
B R R
SNSNLnO | &= ! . R R = | aand
...... L B S EE
1 1 1 1 1 1
1 1 1 1 1 1
IIIIII al ) ] ) ] ) ) r-——=—""1
REENTY - E b i 2 |oul
B —
) ] ) ] ) ]
1 ] 1 ] 1 ]

...... | I B R P7TTT]
anov |2 R R e 1 o |aana
IIIIIII [ S [ S [ S PR —
...... , S
& ! < { o |anoa
....... N~ W b
™ 1T
...... , ] =

~ ! (22) V !
¥aav | o L~ o
O
...... : — —
VS| 1 © 113s3y
ot S S TR et S e S S
1 1 1 1 1 1 1 1 1 1
. 1 1 1 1 1 1 1 1 1 1
i= ) Ny je) () (o
3 3 5 228 ¥
7} = o g< 40
(] a Q=
= »n
(/2]

Maxim Integrated | 37

HIGH POWER

—————— e

FCQFN
(3mm x 3mm x 0.55mm, 0.4mm Pitch)
[ AnNALOG |

DIGITAL

www.maximintegrated.com



MAX98374

Pin Description

Digital Input Class D Speaker Amplifier with DHT

WLP FCQFN NAME SUPPLY FUNCTION
RAIL
Speaker Amplifier Power Supply. Bypass each bump to PGND with a 0.1uyF and
A1, A2 11,12 PVDD — 10uF capacitor (two of each total) placed as close as possible. Bypass the supply
bus to PGND with a single 220uF bulk capacitor per device.
A3 10 IRQ DVDD Hardware Interrupt Output. Interrupt polarity and pin drive mode are configurable.
Connect a 1.5kQ pullup resistor to DVDD for full logic level swing in open-drain mode.
Ad 9 DVDD - Digital Power Supply. Power supply for the digital core and digital interface pins.
Bypass to DGND with 1uF capacitor.
Active-Low Hardware Reset. Resets all digital portions of the device and all
A5 6 RESET DVDD registers to default PoR settings. DVDD must be in the valid operating range before
driving high. Do not connect directly to DVDD.
B1, B2 13 OUTP PVDD Positive Speaker Amplifier Output
Speaker Amplifier Feedback Positive Input. Connect as close as possible to the
B3 16 OUTPSNS PVDD positive terminal of the loudspeaker. This pin must form a complete loop with OUTP.
PCM Interface Frame Clock Input. LRCLK frequency matches the PCM interface
B4 ’ LRCLK DvDD sample rate. Internally pulled down to DGND through Rpp.
B5 5 BCLK/ DVDD PCM Interface Bit Clock Input/SoundWire Compatible Interface Clock Input.
SWCLK Internally pulled down to DGND through Rpp.
C1,C2 14 OUTN PVDD Negative Speaker Amplifier Output
Speaker Amplifier Feedback Negative Input. Connect as close as possible to
C3 17 OUTNSNS PVDD the negative terminal of the loudspeaker. This pin must form a complete loop
with OUTN.
ca 1 SDA DVDD [2C-Compatible Serial-Data. Connect a 1.5kQ pullup resistor to DVDD for full logic
level swing. In SoundWire control mode, connect to either DVDD or DGND.
c5 4 DIN/ DVDD PCM Interface Data Input/SoundWire Compatible Interface Data Bus. Internally
SWDATA pulled down to DGND through Rn.
D1, D2 15 PGND — Speaker Amplifier Ground
D3 19 AGND . Analog Ground. Connecting AGND to PGND on the top layer of the PCB is not
recommended.
2. - .y . -
D4 22 scL DVDD e Compatlble Serial C?Iock. Connect a 1.5kQ puIIup.reS|stor to DVDD for full logic
level swing. In SoundWire control mode, connect to either DVDD or DGND.
D5 3 DOUT DVDD PCM Interface Data Output
E1 20 LC. DVDD Internally Connected. Connect to DVDD externally. Do not connect to ground or
leave unconnected.
E2 18 VREFC PVDD Internal Bias. Bypass to AGND with a 30Q resistor and a 10uF capacitor.
E3 21 ADDR DVDD I2C Slave Address Select. Selects one of four 12C slave addresses.
Interchip Communication Data Bus. Optionally allows multiple devices to be
E4 2 ICC DVDD grouped up to communicate with each other in order to provide a consistent
response. Internally pulled down to DGND by Rpp.
E5 8 DGND — Digital Ground

www.maximintegrated.com
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Detailed Description

Control Interface Configuration

The device features a SoundWire compatible slave inter-
face, an I12C slave interface, and a PCM audio interface
(Figure 9). After initially powering up both supplies or
when exiting hardware shutdown, the device control
mode defaults to the SoundWire compatible interface.
In this control mode, the SoundWire Compatible inter-
face is used to program all device registers and for all
digital audio data communication. In SoundWire control
mode, the device I2C interface bus connections cannot
be shared with another device, and the ADDR, SDA, and

Digital Input Class D Speaker Amplifier with DHT

SCL pins must each be connected to either DVDD or
DGND to configure the SoundWire ID (Table 14).

Any time after initial power-up, if the device is not in hard-
ware shutdown and an I12C start condition is detected, the
device automatically switches to 12C control mode. The
I2C start condition that causes the switch over can be part
of a normal 12C transaction. In I12C control mode, the 12C
interface is used to program the general control registers
while the PCM interface is used for all digital audio data
communication. Once the device is in 12C control mode,
only a full supply power cycle or hardware shutdown
event can return the device to SoundWire control mode.

SOUNDWIRE MAX98374
COMPATIBLE
INTERFACE
CONTROL AND A?‘l%ug;\:\g:i
AUDIO MODE CONTROL <
REGISTERS
IRQ OUTPUT
! SOUNDWIRE | H SOUNDWIRE
: SOUSBXV IRE b SLAVE | «—
s ! INTERFACE
AUDIO / DATA
PATHS

I’C INTERFACE MAX98374
CONTROL MODE
+ SOUNDWIRE
PCM AUDIO REGISTER®
MODE (INACCESSIBLE)
GENERAL
CONTROL —
REGISTERS
: IRQ TO :
{ MASTER .< IRQ OUTPUT
o contRol '
L cglr}; ROL ¢—»| FCINTERFACE |@—
i pPcmBUs  w—}| PcMINTERFACE
AUDIO / DATA
PATHS

Figure 9. Control Interface Configuration Options
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Device Register Map

The general control registers in the address space
0x2000 and above are accessible through both the
SoundWire compatible and 12C interface and are used
for configuring the device (except the SoundWire com-
patible interface). The registers in the address space
0x0040 to 0x0337 are only accessible through the
SoundWire compatible interface and are used for config-
uring the SoundWire slave interface settings (Figure 9).
Register bit fields come in several varieties that are sum-
marized and color coded in Table 1.

Read-only bit fields (R) are used to indicate an internal
device state and cannot be changed directly by the host.
Writing to these registers has no effect. Read-only status

Table 1. Register Map Bit Field Color Coding

Digital Input Class D Speaker Amplifier with DHT

bit fields are the same, however, writing a 1 to these
registers clears the status while writing a 0 has no effect.

Write-only bit fields (W) are single-bit push-button con-
trols. Writing a 1 to these bit fields performs an action
(i.e., software reset, interrupt clear, etc.). Writing a 0 has
no effect and readback always returns a 0.

Read/write bit fields (RW) can be both read and written by
the host, and the last written value is the value returned
on read back.

Reserved bit fields (indicated by a “—* in Table 2) are not
used to program or control the device. When writing a
register that contains reserved bit fields, always write a 0
to the reserved bit field segments.

Reserved Bit Field

Always write a 0 to a reserved bit field.

www.maximintegrated.com
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Table 2. General Control Register Map

SOFTWARE RESET REGISTER
0x2000 | 0x00 | Software Reset — —
INTERRUPT REGISTERS

0x2001 | 0x00 Interrupt
—_ Raw 1
0x2002 | 0x00 Interrupt
—_— Raw 2
0x2003 | 0x00 Interrupt
—_ Raw 3
0x2004 | 0x00 Interrupt
—_— State 1
0x2005 | 0x00 Interrupt
—_— State 2
0x2006 | 0x00 Interrupt
—_— State 3
0X2007 | 0x00 Interrupt
—_— Flag 1
0x2008 | 0x00 Interrupt
_— Flag 2
0X2009 | 0x00 Interrupt
_— Flag 3

Interrupt
0x200A | 0x00 Piermpt
0X200B | 0x00 Interrupt
—_— Enable 2
0X200C | 0x00 Interrupt
_— Enable 3

Interrupt Flag
0x200D | 0x00 Clear 1

0x200E | 0x00 Interrupt Flag

Clear 2

Interrupt Flag
0x200F | 0x00 Clear 3
IRQ Bus

0x2010 | 0x00 Configuration

THERMAL PROTECTION REGISTERS

Thermal-Warning

0x2014 | 0x10 Threshold
Configuration
Thermal-Shutdown
0x2015 | 0x27 Threshold
Configuration
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Table 2. General Control Register Map (continued)

0x2016

0x01

Thermal Hysteresis
Configuration

0x2017

0xCO

Thermal-Foldback
Settings

0x2018

0x00

Thermal-Foldback
Enable

0x201E

0x55

Digital Output Pin
Drive Strength
Configuration

0x2020

OxFE

PCM Interface Data
Output Channel
Configuration 1

0x2021

OxFF

PCM Interface Data
Output Channel
Configuration 2

0x2023

0x00

PCM Interface Data
Output Speaker DSP
Feedback Channel
Source

0x2024

0xCO

PCM Interface
Data Format
Configuration

0x2025

0x00

Audio Interface Mode
Configuration

PCM INTERFACE REGISTERS

0x2026

0x04

PCM Interface
Clock Ratio
Configuration

0x2027

0x08

PCM Interface
Sample Rate

0x2028

0x88

Speaker Path
Sample Rate

0x2029

0x00

PCM Interface
Digital Mono Mixer
Configuration 1

0x202A

0x00

PCM Interface
Digital Mono Mixer
Configuration 2

0x202B

0x00

PCM Interface Data
Input (DIN) Enable

0x202C

0x00

PCM Interface Data
Output (DOUT)
Enable

www.maximintegrated.com
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Table 2. General Control Register Map (continued)

ICC REGISTERS

0x202E

0x00

ICC Receiver
Enables 1

0x202F

0x00

ICC Receiver
Enables 2

0x2030

OxFF

ICC Transmitter
Channel
Configuration 1

0x2031

OxFF

ICC Transmitter
Channel
Configuration 2

0x2032

0x30

ICC Data Link
Configuration

0x2034

0x00

ICC Transmitter
Configuration

0x2035

0x00

ICC Transmitter
Enable

SOUNDWIRE SLAVE INTERFACE REGISTERS

0x2036

0x05

SoundWire Input
Clock Configuration

SPEAKER PATH CONTROL REGISTERS

0x203D

0x00

Speaker Path
Digital Volume
Control

0x203E

0x08

Speaker Path
Output Level
Scaling

0x203F

0x02

Speaker Path DSP
Configuration

0x2040

0x00

Tone Generator
Configuration

0x2041

0x03

Speaker Amplifier
Configuration

0x2042

0x00

Speaker Amplifier
Switching Edge Rate
Configuration

0x2043

0x00

Speaker Path and
Speaker DSP Data
Feedback Path
Enables
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Table 2. General Control Register Map (continued)

MEASURMENT ADC REGISTERS

0x2051

0x00

Measurement
ADC Sample
Rate Control

0x2052

0x00

Measurement ADC
PVDD Channel Filter
Configuration

0x2053

0x00

Measurement ADC
Thermal Channel
Filter Configuration

0x2054

0x00

Measurement ADC
PVDD Channel
Readback

0x2055

0x00

Measurement ADC
Thermal Channel
Readback

0x2056

0x00

Measurement ADC
PVDD Channel
Enable

BDE REGISTERS

0x2090

0x00

BDE Level Hold
Time

0x2091

0x00

BDE Gain
Reduction Attack/
Release Rates

0x2092

0x00

0x2097

0x00

BDE Level 1
Threshold

0x2098

0x00

BDE Level 2
Threshold

0x2099

0x00

BDE Level 3
Threshold

0x209A

0x00

BDE Level 4
Threshold

0x209B

0x00

BDE Level
Threshold
Hysteresis

0x20A8

0x00

BDE Level 1 Limiter
Configuration

0x20A9

0x00

BDE Level 1 Clipper
Configuration

0x20AA

0x00

BDE Level 1
Gain Reduction
Configuration

0x20AB

0x00

BDE Level 2 Limiter
Configuration
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Table 2. General Control Register Map (continued)

BDE Level 2 Clipper

0X20AC| 0x00 Configuration

BDE Level 2
0x20AD | 0x00 Gain Reduction
Configuration

BDE Level 3 Limiter

0X20AE | 0x00 Configuration

BDE Level 3 Clipper

0x20AF | 0x00 Configuration

BDE Level 3
0x20B0 | 0x00 Gain Reduction
Configuration

BDE Level 4 Limiter
Configuration

0x20B1 | 0x00

BDE Level 4
0x20B2 | 0x00 |  Clipper and State
Configuration

BDE Level 4
0x20B3 | 0x00 Gain Reduction
Configuration

BDE Level 4 Infinite

0x20B4 | 0x00 Hold Clear

0x20B5 | 0x00 BDE Enable

0x20B6 | 0x00 | BDE Current State —

DHT REGISTERS
0x20D1 | 0x01 |  DHT Configuration
DHT Attack Rate
0x20D2 | 0x02 Settings
DHT Release Rate
0x20D3 | 0x03 Settings

0x20D4 | 0x00 DHT Enable

LIMITER REGISTERS
Limiter Threshold
0x20E0Q | 0x00 Configuration
Limiter Attack
0x20E1 | 0x00 | and Release Rate
Configuration

0x20E2 | 0x00 Limiter Enable

Device Auto-Restart

0X20FE | 0x00 Configuration

0x20FF | 0x00 Global Enable

REVISION IDENTIFICATION REGISTER

Device Revision
0x21FF | 0x43 Identification
Number
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Table 3. SoundWire Slave Interface Register Map

SLAVE CONTROL PORT (SCP) REGISTERS
0x0040 | 0x00 SCP_|IntStat_1
0x0041 | 0x00 SCP_IntMask_1
0x0042 | 0x00 SCP_lIntStat_2
0x0044 | 0x00 SCP_Ctrl
0x0045 | 0x00 SCP_SystemCitrl
0x0046 | 0x00 | SCP_DevNumber
0x0050 | 0x21 SCP_Devld_0
0x0051 | 0x01 SCP_Devld_1
0x0052 | 0x9F SCP_Devld_2
0x0053 | 0x87 SCP_Devld_3
0x0054 | 0x08 SCP_Devld_4
0x0055 | 0x00 SCP_Devld_5
0x0060 | 0x00 SCP_FrameCitrl
0x0070 | 0x00 SCP_FrameCitrl
DATA PORT 1 REGISTERS
0x0100 | 0x00 DP1_IntStat —
0x0101 | 0x00 DP1_IntMask —
0x0102 | 0x20 DP1_PortCtrl —
0x0103 | 0x00 DP1_BlockCtrl1 —
0x0104 | 0x00 | DP1_PrepareStatus —
0x0105 | 0x00 DP1_PrepareCtrl — — — — —
DATA PORT 1 - BANK 0 REGISTERS
0x0120 | 0x00 DP1_ChannelEn
0x0122|0x00| DP1_SampleCtrl1
0x0123 | 0x00| DP1_SampleCtri2
0x0124 | 0x00 DP1_OffsetCtrl1
0x0125 | 0x00 DP1_OffsetCtrl2
0x0126 | 0x00 DP1_HCtrl
0x0127 | 0x00 DP1_BlockCtrl3
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Table 3. SoundWire Slave Interface Register Map (continued)

Digital Input Class D Speaker Amplifier with DHT

DATA PORT 1 - BANK 1 REGISTERS

0x0130 | 0x00 DP1_ChannelEn

0x0132|0x00 | DP1_SampleCtri1

0x0133|0x00 | DP1_SampleCtri2

0x0134 | 0x00 DP1_OffsetCtrl1

0x0135 | 0x00 DP1_OffsetCtrl2

0x0136 | 0x00 DP1_HCtrl

0x0137 | 0x00 DP1_BlockCtrl3 — — —

DATA PORT 3 REGISTERS

0x0300 | 0x00 DP3_IntStat —

0x0301 | 0x00 DP3_IntMask —

0x0302 | 0x20 DP3_PortCtrl —

0x0303 | 0x00 DP3_BlockCtrl1 —

0x0304 | 0x00 | DP3_PrepareStatus —

0x0305 | 0x00 DP3_PrepareCtrl — — —
DATA PORT 3 - BANK 0 REGISTERS

0x0320 | 0x00 DP3_ChannelEn

0x0322 |0x00| DP3_SampleCtrl1

0x0323 |0x00| DP3_SampleCtri2

0x0324 | 0x00 DP3_OffsetCtrl1

0x0325 | 0x00 DP3_OffsetCtrl2

0x0326 | 0x00 DP3_HCtrl

0x0327 | 0x00 DP3_BlockCtrl3 — — —
DATA PORT 3 - BANK 1 REGISTERS

0x0330 | 0x00 DP3_ChannelEn

0x0332|0x00| DP3_SampleCtrl1

0x0333 | 0x00 | DP3_SampleCtri2

0x0334 | 0x00 DP3_OffsetCtrl1

0x0335 | 0x00 DP3_OffsetCtrl2

0x0336 | 0x00 DP3_HCtrl

0x0337 | 0x00 DP3_BlockCtrl3
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Control Bit Field Types and Write

Access Restrictions

The device control bit fields fall into one of three basic
types: read (R), write (W), or read and write (RW). Read-
only bit fields (R) have no access restrictions and can be
read back safely anytime the configured control interface
is active. Every write-enabled bit field (W and RW) can
also be read back safely without restriction, however, for
write commands they each fall into one of three access
subtypes.

The first write subtype is dynamic (denoted as -D).
Dynamic bit fields effectively have no access restrictions
and can be safely changed (written) in any device state
where the control interface is active. The second bit field
access subtype is static (denoted as -S). Static bit fields
should only be changed (written) when the device is in the
software shutdown state (the device enable bit EN is set
to a logic low). The third and final type of bit field access

Digital Input Class D Speaker Amplifier with DHT

subtype is restricted (denoted with a —R). Unlike static bit
fields, restricted bit fields can be written when the device
is not in the software shutdown state. However, before
restricted bit fields are changed (written), they require
that related functional blocks (as specified in Table 4) be
powered down.

The general bit field type and access subtype is provided
for every register bit field in the “TYPE” column of the
corresponding detailed register description table. For all
bit fields with the restricted access subtype the required
dependency setting is also denoted in the restriction
(“RES”) column.

Table 4 provides a detailed description of all bit field types,
access subtypes, and restriction dependencies used by
this device. The write access restrictions column lists
the specific condition and block-enable control bit fields
that must be disabled before changing bit fields with that
restriction type.

Table 4. Bit Types, Subtypes, and Write Access Restrictions

BIT FIELD WRITE “TYPE” WRITE ACCESS RESTRICTIONS “RES”
TYPE ACCESS SYMBOL DESCRIPTION CONDITION SYMBOL
Read Read Only R None — —

Read Status | Dynamic RS None — —
Write Dynamic W-D None — —
Dynamic RW-D None — —
Static RW-S Device in software shutdown EN=0 EN
Speaker amplifier output path disabled SPK_ EN=0 SPK
Speaker amplifier DSP feedback path disabled SPK FB_EN=0 FB
Both speaker amplifier output path SPK_EN =0 and SFB
and DSP path disabled SPK_FB_EN =0

Read/Write

Restricted RW-R PCM data input and output disabled Pcphéﬁjfrf_’\é; 2 3nd PCM
PCM data output disabled PCM_TX_EN=0 TXEN
IRQ bus disabled IRQ_EN=0 IRQ
BDE disabled BDE_EN=0 BDE
All ICC data links disabled ALLICC_x_LINK_EN =0 ICC
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Device Sequencing

To ensure proper device initialization and to prevent
audible glitches, the device supplies and control regis-
ters must be configured in the correct sequence. During
initial device power-up, both the PVDD and DVDD sup-
plies must be powered above their UVLO levels before
attempting to program the device. All registers are safe
to program while the device is in a state of software shut-
down (EN = 0).

Table 5. Typical Full Power-Up Sequence

Digital Input Class D Speaker Amplifier with DHT

When configuring the device for speaker playback,
the best practice is to first configure all blocks prior to
enabling the speaker output (SPK_EN, Speaker Path
and Speaker DSP Data Feedback Path Enables). When
disabling playback, the reverse is true and the speaker
output should be disabled first. Playback can also be con-
figured completely (including the speaker enable) before
exiting software shutdown, and can likewise be disabled
by entering software shutdown. The typical sequencing
for a full power-up case is outlined in Table 5, while the
typical sequencing for full device shutdown case is out-
lined in Table 6.

STEP ACTION DESCRIPTION
1 Power-Up Both This internally initializes the device settings, starts the control interface, and places the
Device Supplies device into the software shutdown state.
2 Drive Hardware Reset High DVDD must be powered prior to driving the hardware reset input high (RESET)
3 Select the Control Interface After initialization, the device defaults to the SoundWire compatible interface.
A start condition on the 12C bus enables the 12C and PCM interfaces instead.
4 Start External Clocks and Prior to exiting software shutdown, all external clocks must be active and stable.
Initialize Register Settings For simplest sequencing, program all registers prior to exiting software shutdown.
Set the software enable bit (EN = 1). If all registers are programmed, audio playback
. begins within the turn-on time. Optionally, audio volume can also be ramped up to
5 Exit Software Shutdown minimize the click-and-pop (SPK_VOL_RMPUP_BYPASS = 0).
Note: Software shutdown is the standard idle state between audio playback cases.
6 Digital Volume/Mute At any time, the digital volume level can be adjusted and mute can be toggled.

Table 6. Typical Full Shutdown Sequence

STEP ACTION

DESCRIPTION

Disable the Speaker Amplifier
and Enter Software Shutdown

The speaker amplifier is disabled by setting SPK_EN = 0. It is also automatically disabled
by entering software shutdown (EN = 0). Optionally, audio volume can be ramped down
to minimize click-and-pop (SPK_VOL_RMPDN_BYPASS = 0).

Wait for the Turn-Off

Time to Expire .
expires.

The device completes the transition into software shutdown after the turn-off time
expires. At this point, the external clocks can be disabled and all registers can safely be
2 reprogrammed. The speaker amplifier must not be re-enabled until after the turn-off time

Note: Software shutdown is the standard idle state between audio playback cases.

Enter Hardware
Shutdown (Optional)

For system suspend states (if all supplies are not powered down) the device can be
3 placed into hardware shutdown by pulling the RESET input low. The device should be in
software shutdown before transitioning into hardware shutdown.

4 Power-Down Supplies

Disable both supplies to power down the device completely.
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Device State Control

The device features a combination of both hardware and
software controls that can be used to place the device into
a reduced power state and/or to return the device to the
initial power-on reset (PoR) state.

Hardware Shutdown

The device features an active-low hardware reset input
(RESET) that is used to take the device into and out of
hardware shutdown. When the reset input is asserted
low, the device enters hardware shutdown. To avoid
potentially audible glitches, the device should first be
placed into software shutdown (EN = 0, wait for the turn-
off time) before entering hardware shutdown. The device
exits hardware shutdown when DVDD is above its UVLO
threshold and the hardware reset input is asserted high.
DVDD must be powered and above the UVLO level prior
to driving the RESET input high.

In hardware shutdown, the device is configured to its
lowest power state. Both the 12C and SoundWire con-
trol interfaces are disabled, and all device registers are
returned to their PoR states. When exiting hardware shut-
down, the device enters software shutdown.

Software Shutdown

The software enable bit field (EN) is used to take the
device into and out of software shutdown. Additionally, if
PVDD is powered down while DVDD is still powered, the
device goes into software shutdown.

When software enable is set low, the device enters soft-
ware shutdown. In software shutdown, all blocks are
disabled except the active control interface. All device
register states are retained and can be programmed in
software shutdown. When software enable is set high,
the device exits software shutdown and returns to its pro-
grammed operating state.

www.maximintegrated.com
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Power Supply UVLO

The device monitors both DVDD and PVDD for low-
voltage conditions that would prevent normal operation.

If Vpypp drops below the DVDD-UVLO threshold
(VpbvbDD uvLO), the device stops operating and all device
registers are reset to their default PoR values. When
VpvpD recovers, the device automatically enters hard-
ware shutdown.

If Vpypp drops below the PVDD-UVLO threshold
(VpvDD uvLO) and DVDD is still powered, the device is
placed into software shutdown and the software enable
bit field (EN) is set low. When Vpypp recovers, the device
remains in software shutdown until software enable (EN)
is set high.

Software Reset

The reset bit field (RST) is used to trigger a software reset
event. When software reset (RST) is written with a 1, soft-
ware reset returns the general control registers (but not
the SoundWire slave interface registers) to their default
(PoR) states. The software reset bit field is write only, and
a read always returns 0x00. Writing a 0 to software reset
has no effect.

SoundWire Bus Reset

When the device is in SoundWire control mode, a
sequence of 4096 successive bit-slots of encoded logic
1s from the SoundWire Master resets all device registers
(including the SoundWire slave configuration registers) to
the default PoR values.

SoundWire Register Reset

When the device is in SoundWire mode, the register
bit field ForceReset in the SCP_Ctrl register resets the
SoundWire slave configuration registers to the default
PoR values (as defined in SoundWire Specification v1.1).
The ForceReset register is write only, and a read of this
register always returns zero. Writing a logic-low to the
ForceReset bit field has no effect.
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Global Enable

REGISTER ADDRESS = 0x20FF

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0
Unused
4 0 RESERVED o " | Returns 0 if read.
3 0
2 0
1 0
Global Enable
Disable or enable all blocks and reset all logic except the I12C interface
0 0 EN RW-D — and control registers.
0 = Device is powered down
1 = Device is enabled
Software Reset
REGISTER ADDRESS = 0x2000
— DESCRIPTION

BIT | PoR BIT NAME TYPE | RES

Unused

RESERVED - - Returns 0 if read.

= IN|wWw|(dlO|O® | N
oO|jlojo|jo|jo|o|oO

Software Reset

This bit field is used to trigger a software reset event. Writing a 1 resets
the device and return the general control registers to their power-on
reset states. However, the SoundWire slave interface registers are

not affected by a software reset event. Writing a 0 has no effect, and
readback always returns 0.

0 = No action

1 = Triggers a software reset event

0 0 RST W-D —
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I12C Serial Interface

The 12C serial control interface is activated when the
device detects a valid 12C start condition at the SDA
and SCL pins. To detect a valid start condition, the initial
power-up of both supplies must have occurred and the
device cannot currently be in hardware shutdown.

I12C Slave Address

The slave address is defined as the seven most signifi-
cant bits (MSBs) followed by the read/write bit. The seven
MSBs are programmable through the ADDR connection,
and the required SDA and SCL connections for each
address are shown in Table 7. The ADDR pin cannot
be left unconnected (the device may not communicate).
Setting the read/write bit to 1 configures the device for
read mode. Setting the read/write bit to 0O configures the
device for write mode. The 12C slave address is the first
byte of information sent to the device after the START
condition.

I2C Slave Interface Operation

The device features an 12C/SMBus™-compatible, 2-wire
slave serial interface consisting of a serial data line (SDA)
and a serial clock line (SCL). SDA and SCL facilitate com-
munication between the device and the master at clock
rates up to 1MHz (FM+ standard).

Figure 10 shows the 2-wire 12C slave interface timing
diagram. The master generates SCL and initiates data
transfer on the bus. The master device writes data to
the device by transmitting the proper slave address fol-

Table 7. Configuring the I12C Slave Address

Digital Input Class D Speaker Amplifier with DHT

lowed by two register address bytes (most significant byte
first) and then the data word. Each transmit sequence is
framed by a START (S) or REPEATED START (Sr) condi-
tion and a STOP (P) condition. Each word transmitted to
the device is 8 bits long and is followed by an acknowl-
edge clock pulse.

A master reading data from the device transmits the
proper slave address followed by a series of nine SCL
pulses. The device transmits data on SDA in sync with
the master-generated SCL pulses. The master acknowl-
edges receipt of each byte of data. Each read sequence
is framed by a START (S) or REPEATED START (Sr)
condition, a not acknowledge, and a STOP (P) condition.

SDA operates as both an input and an open-drain output.
A pullup resistor, typically greater than 500Q, is required
on SDA. SCL operates only as an input. A pullup resistor,
typically greater than 5000, is required on SCL if there are
multiple masters on the bus, or if the single master has an
open-drain SCL output. Series resistors in line with SDA
and SCL are optional. Series resistors protect the digital
inputs of the device from high voltage spikes on the bus
lines and minimize crosstalk and undershoot of the bus
signals.

Bit Transfer

One data bit is transferred during each SCL cycle. The
data on SDA must remain stable during the high period
of the SCL pulse. Changes in SDA while SCL is high are
control signals (see the START and STOP Conditions
section).

ADDR CONNECTION 12C SLAVE ADDRESS
Connected to DVDD 0x62
Connected to DGND 0x64

Connected to SDA 0x66
Connected to SCL 0x68
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START and STOP Conditions

SDA and SCL idle high when the bus is not in use. A mas-
ter initiates communication by issuing a START condition.
A START condition is a high-to-low transition on SDA
with SCL high. A STOP condition is a low-to-high transi-
tion on SDA while SCL is high. A START condition from
the master signals the beginning of a transmission to the
device. The master terminates transmission and frees the
bus by issuing a STOP condition. The bus remains active
if a REPEATED START condition is generated instead of
a STOP condition.

Early STOP Conditions

The device recognizes a STOP condition at any point
during a data transmission, except if the STOP condition
occurs in the same high pulse as a START condition. For
proper operation, do not send a STOP condition during
the same SCL high pulse as the START condition.

Digital Input Class D Speaker Amplifier with DHT

Acknowledge

The acknowledge bit (ACK) is a clocked 9th bit that the
device uses to handshake receipt each byte of data when
in write mode (Figure 11). The device pulls down SDA
during the entire master-generated 9th clock pulse if the
previous byte is successfully received. Monitoring ACK
allows for detection of unsuccessful data transfers. An
unsuccessful data transfer occurs if a receiving device
is busy or if a system fault has occurred. In the event
of an unsuccessful data transfer, the bus master retries
communication. The master pulls down SDA during the
9th clock cycle to acknowledge receipt of data when the
device is in read mode. An acknowledge is sent by the
master after each read byte to allow data transfer to con-
tinue. A not-acknowledge is sent when the master reads
the final byte of data from the device, followed by a STOP
condition.

5 Sr P
I 1 1
I 1 1
I 1 1
SCL | . .
| | |
| 1 1
I 1 1
! L ! {4 !
Y3 b
SD&
| | |
Figure 10. START, STOP, and REPEATED START Conditions
CLOCK PULSE FOR
START ACKNOWLEDGMENT
CONDITION
SCL 1 1 2 9
|
|
|
! NOT ACKNOWLEDGE
i N
SDA \ / X x zj X Y Y
ACKNOWLEDGE

Figure 11. Acknowledge
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I12C Write Data Format

A write to the device includes transmission of a START
condition, the slave address with the R/W bit set to 0, two
bytes of data to configure the internal register address
pointer, one or more bytes of data, and a STOP condition.
Figure 12 illustrates the proper frame format for writing
one byte of data to the device. Figure 13 illustrates the
frame format for writing n-bytes of data to the device.

The slave address with the R/W bit set to 0 indicates that
the master intends to write data to the device. The device
acknowledges receipt of the address byte during the
master-generated 9th SCL pulse.

Digital Input Class D Speaker Amplifier with DHT

The second and third bytes transmitted from the master
configure the device’s internal register address pointer.
The pointer tells the device where to write the next byte
of data. An acknowledge pulse is sent by the device upon
receipt of the address pointer data.

The third byte sent to the device contains the data that is
written to the chosen register. An acknowledge pulse from
the device signals receipt of the data byte. The address
pointer auto-increments to the next register address after
each received data byte. This auto-increment feature
allows a master to write to sequential registers within one
continuous frame. The master signals the end of trans-
mission by issuing a STOP condition.

ACKNOWLEDGE FROM SLAVE —l ACKNOWLEDGE FROM SLAVE 1

ACKNOWLEDGE FROM SLAVE

ACKNOWLEDGE FROM SLAVE —¢
A

T T T T T T T T T T T T T T T T T T T T T T T T T 1T
| S | SLAVE ADDRESS | 0 | A | REGISTER ADDRESS MSB | A | REGISTER ADDRESS LSB DATABYTE A | P |

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 y
w SET INTERNAL ADDRESS POINTER —' 1BYTE y
AUTO-INCREMENT INTERNAL _|

REGISTER ADDRESS POINTER

Figure 12. Writing One Byte of Data to the Slave

ACKNOWLEDGE FROM SLAVE ACKNOWLEDGE FROM SLAVE

B7|B6|B5 B4|BS|BZ|B1|BO|

B7 |B6 |B5 B4 BS|BZ|B1|BO|

SET INTERNAL ADDRESS POINTER —

ACKNOWLEDGE FROM SLAVE ACKNOWLEDGE FROM SLAVE
T T T T 1T 1 T T TITITITITITITIT TITITITITITITIT
| S | SLAVE ADDRESS | 0 | A REGISTER ADDRESS A DATABYTE A | 4 DATABYTE A | P |
1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 ‘ ‘ 1 1 1 1 1 1 1 y
A 4 4
w 2BYTES y 1BYTE y 1BYTE y
AUTO-INCREMENT INTERNAL REPEAT AUTO-INCREMENT INTERNAL

REGISTER ADDRESS POINTER ~

N TIMES REGISTER ADDRESS POINTER

Figure 13. Writing n-Bytes of Data to the Slave
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I12C Read Data Format

The device address pointer must be preset to a specific
register address before a read command is issued. The
master presets the slave address pointer by first send-
ing the slave device address with the R/W bit set to 0,
followed by the desired slave register address. Then, to
initiates a read operation, a REPEATED START condition
is sent followed by the slave device address with the R/W
bit set to 1. The slave acknowledges receipt of its slave
address by pulling SDA low during the 9th SCL clock
pulse. The slave would then transmit the contents of the
register at the preset address. Transmitted slave data is
valid on the rising edge of SCL.

Digital Input Class D Speaker Amplifier with DHT

In 12C slave mode, the device address pointer auto-
increments after each read data byte. This auto-increment
feature allows all device registers to be read sequentially
within one continuous frame. A STOP condition can be
issued after any number of read data bytes.

The master acknowledges receipt of each read byte
during the acknowledge clock pulse. The master must
acknowledge all correctly received bytes except the last
byte. The final byte must be followed by a not acknowledge
from the master and then a STOP condition. Figure 14
illustrates the frame format for reading one byte from the
device. Figure 15 illustrates the frame format for reading
multiple bytes from the device.

ACKNOWLEDGE FROM SLAVE i i ACKNOWLEDGE FROM SLAVE j NO ACKNOWLEDGE FROM MASTER 1
T T T T T T T T T T T T T T T T T T T T T —
S SLAVE ADDRESS 0]A REGISTER ADDRESS A [ Sr SLAVE ADDRESS 1A DATABYTE AP
1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1
j A A j A A
W 2BYTES y R —— 1BYTE —
AUTO-INCREMENT INTERNAL
SET INTERNAL ADDRESS POINTER REGISTER ADDRESS POINTER
Figure 14. Reading One Byte of Data from the Slave
ACKNOWLEDGE FROM SLAVE I l ACKNOWLEDGE FROM SLAVE ACKNOWLEDGE FROM MASTER 1 NO ACKNOWLEDGE FROM MASTER 1
T T T T T T T T T T T T T T T T T T T T T T T T T T T —
’ s ‘ SLAVE ADDRESS ‘ 0 ‘ A | REGISTERADDRESS | A ‘Sr‘ SLAVE ADDRESS ‘ 1 ‘ A DATABYTE A ‘ A DATABYTE A ‘ P ‘
w 1 2BYTES 1 R 1 1BYTE 1 1BYTE ]
AUTO-INCREMENT INTERNAL REPEAT  AUTO-INCREMENT INTERNAL
SET INTERNAL ADDRESS POINTER — REGISTER ADDRESS POINTER NTIMES  REGISTER ADDRESS POINTER —

Figure 15. Reading n-Bytes of Data from the Slave
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PCM Interface

The flexible PCM interface supports common sample
rates from 16kHz to 96kHz, channel word lengths of 16-,
24-, and 32-bits, the standard 12S, left-justified, and TDM
data formats.

PCM Clock Configuration

The digital audio interface defaults into PCM slave inter-
face mode (INTERFACE_MODE bit field, Audio Interface
Mode Configuration). The PCM slave interface requires
the host to supply both BCLK and LRCLK. To configure
the PCM interface clock inputs, the host must program
both the device sample rate and BCLK to LRCLK ratio.

Audio Interface Mode Configuration

Digital Input Class D Speaker Amplifier with DHT

Clock Ratio Configuration

The PCM interface sample rate must be configured to
match the frequency of the frame clock (LRCLK) using
the PCM_SR registers. The speaker path sample rate
(SPK_SR) and the PCM interface sample rate (PCM_SR)
must be configured by the host to be the same.

The device supports a range of BCLK to LRCLK clock
ratios (PCM_BSEL) ranging from 32 to 512. However,
based on the selected PCM interface sample rate (LRCLK
frequency), the configured clock ratio cannot result in a
BLCK frequency that exceeds 15.36MHz.

REGISTER ADDRESS = 0x2025
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0 Unused
4 0 RESERVED o " | Returns 0 if read.
3 0
2 0
Audio Interface Mode
1 0 Selects the digital audio data interface mode.
INTERFACE_ RW-S EN 00 = PCM slave interface mode (BCLK input, LRCLK input)
MODE[1:0] 01 = Reserved
0 0 10 = Reserved
11 = SoundWire slave interface mode (SWCLK input)
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PCM Interface Sample Rate
REGISTER ADDRESS = 0x2027

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED o " | Returns 0 if read.
4 0

PCM Sample Rate

3 1 Sets the sample rate of the PCM interface. This corresponds to the input
or desired LRCLK frequency.
0000-0010 = Reserved

2 0 0011 = 16kHz

0100 = 22.05kHz
PCM_SR][3:0] RW-S | EN | 0101 = 24kHz

0110 = 32kHz

1 0 0111 = 44.1kHz

1000 = 48kHz

1001 = 88.2kHz

0 0 1010 = 96kHz

1011 to 1111 = Reserved

Speaker Path Sample Rate

REGISTER ADDRESS = 0x2028

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Speaker Amplifier Path Sample Rate
7 1 Sets the sample rate of the speaker amplifier path.
0000-0010 = Reserved
0011 = 16kHz
6 0 0100 = 22.05kHz
. 0101 = 24kHz
SPK_SR][3:0] RW-S | EN 0110 = 32kHz
5 0 0111 = 44.1kHz
1000 = 48kHz
1001 = 88.2kHz
4 0 1010 = 96kHz
1011 to 1111 = Reserved
3 1
2 0
RESERVED — — Unused
1 0
0 0
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PCM Interface Clock Ratio Configuration

REGISTER ADDRESS = 0x2026
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED o " | Returns 0 if read.
Active BCLK Edge Control
Selects the active BCLK edge.
4 0 PCM_BCLKEDGE RW-S EN 0 = Data captured and valid on rising edge of BCLK.
1 = Data captured and valid on falling edge of BCLK.
BCLK to LRCLK Ratio
3 0 Selects the number of BCLKs per LRCLK for PCM.
0000 to 0001 = Reserved
0010 =32
0011 =48
2 0100 = 64
_ 0101 = 96
PCM_BSEL[3:0] RW-S EN 0110 = 128
1 0 0111 =192
1000 = 256
1001 = 384
1010 =512
0 0 1011 =320
1100 to 1111 = Reserved
PCM Data Format Configuration the configured data word size, then the data input LSBs
The device supports the standard 12S, left-justified, TDM are truncated a_nd the data output LSBs are padded with
data formats, and the operating mode is configured using either zero or Hi-Z data based on the PCM_TX_CHm_HIZ
the PCM_FORMAT bit field. register bit setting.
I2S and Left-Justified Mode With the default PCM settings, falling LRCLK indicates

the start of a new frame and the left channel data (chan-
nel 0) while rising LRCLK indicates the right channel data
(channel 1). In 12S mode, the MSB of the audio word is

; o , latched on the second active BCLK edge after an LRCLK
channel length. The audio data word size is configurable transition. In left-justified mode, the MSB of the audio

to 16, 24, or 32 bits in length (PCM_DATA_WIDTH), but word is latched on the first active BCLK edge after an
must be programmed to be less than or equal to the LRCLK transition.

channel length. If the resulting channel length exceeds

12S and left-justified formats support two channels that can
be 16, 24, or 32 bits in length. The BCLK to LRCLK ratio
(PCM_BSEL) must be configured to be twice the desired

Table 8. Supported I12S/Left-Justified Mode Configurations

CHANNELS CHANNEL BCLK TO LRCLK RATIO SUPPORTED DATA WORD SIZES
LENGTH (PCM_BSEL) (PCM_DATA_WIDTH)
16 32 16
2 24 48 16, 24
32 64 16, 24, 32
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The PCM_BCLKEDGE register bit selects the BCLK transitions always align with the inactive BCLK edge. The
active edge that is used for data capture and data output. data output is valid on the same active BCLK edge as the
The PCM_CHANSEL bit configures which LRCLK edge data input. The data output also transitions on the same
indicates the start of a new frame (channel 0), and LRCLK edge as the data input.

STANDARD I2S MODE

LRCLK CHANNEL 0 (LEFT) | CHANNEL 1 (RIGHT)

BCLK

Figure 16. Standard I12S Mode Data Format Example (16-Bit Data Word, 24-Bit Channel Length)

LEFT-JUSTIFIED MODE

LRCLK CHANNEL 0 (LEFT) | CHANNEL 1 (RIGHT)

LEFT-JUSTIFIED MODE (LRCLK INVERTED)

LRCLK CHANNEL 0 (LEFT) | CHANNEL 1 (RIGHT)

LEFT-JUSTIFIED MODE (BCLK INVERTED)

LRCLK CHANNEL 0 (LEFT) | CHANNEL 1 (RIGHT)

Figure 17. Left-Justified Mode Data Format Examples (16-Bit Data Word, 24-Bit Channel Length)
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TDM Modes

The provided TDM modes support up to 16 audio chan-
nels of 16-, 24-, or 32-bit data each. The number of TDM
channels is determined by both the selected BCLK to
LRCLK ratio (PCM_BSEL) and the selected data word
size (PCM_DATA_WIDTH). In TDM mode, the channel
length and data word size are always equal.

With the default PCM interface settings, in TDM mode a
rising frame clock (LRCLK) edge acts as the frame sync
pulse and indicates the start of a new frame. The frame
sync pulse width must be equal to at least one bit clock
period; however, the falling edge can occur at any time if
it does not violate the setup time of the next frame sync

Table 9. Supported TDM Mode Configurations

Digital Input Class D Speaker Amplifier with DHT

pulse rising edge. The PCM_CHANSEL bit can be used
to invert the LRCLK edges (sync pulse) used to start a
TDM frame.

In TDM mode, the MSB of the first audio word can be
latched on the first, second, or third active BCLK edge
after the sync pulse and is programmed by the PCM_
FORMAT bits (TDM mode 0, 1, and 2). Additionally, the
PCM_BCLKEDGE register bit allows for programmability
of the BCLK edge that is used for data capture and data
output. The data output is valid on the same active BCLK
edge as the data input. The data output also transitions
on the same edge as data input.

CHANNELS DATA WORD SIZES BCLK TO LRCLK RATIO MAXIMUM SUPPORTED
(PCM_DATA_WIDTH) (PCM_BSEL) SAMPLE RATE (f_rcLk) (kH2)
16 32
2 24 48
32 64
16 64 9
4 24 %
32 128
16 128
8 24 192
32 256
10 32 320 48
16 256
16 24 384 2
32 512 24
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TDM MODE 0
LRCLK |_| CHANNEL 0 (32 BITS) CHANNEL 1 (32 BITS) CHANNEL 2 (32 BITS) CHANNEL 3 (32 BITS) |_|
our (1o s [fzf@f - (3ol fofefl=la] ----- (32l fofafl=]a]_----- (32l fofafl=]a]_----- 880088

BCLK
o {1fofafafala] ----- hzf fofakafala] ----- hzf Lo fokafala] ----- el zf fofokalala] ----- 0880a0e

TDM MODE 0 (BCLK INVERTED)

LRCLK |_| CHANNEL 0 (32 BITS) CHANNEL 1 (32 BITS) CHANNEL 2 (32 BITS) CHANNEL 3 (32 BITS) |_|
bour (1} oarfafz|a] ----- (3 2f 1 foforfofofzf_--- - (3f2f 1 fofofalafzf - (32 oo okl - (321 ol f2)
BCLK

on {1 foJafafalz] ----- 0800000 Ius 0800000 ey sfzf Lo fakalalz] - 0800a0%

TDM MODE 1
LRCLK |_| CHANNEL 0 (32 BITS) CHANNEL 1 (32 BITS) CHANNEL 2 (32 BITS) CHANNEL 3 (32 BITS) |_|
oou (2« ofafo|zfaf_----- (3f2ffofofokafa] ----- (32l oo foka)a] - (3 2f Lo foka)a]_ ----- g8a0ea
BCLK
on (2 o farfaf=|a]_----- (3L 2ffoforfokafa] ----- (32 oo foka)a] - (32 fofafokafa]_----- g800as
TDM MODE 2
LRCLK |_| CHANNEL 0 (32 BITS) CHANNEL 1 (32 BITS) CHANNEL 2 (32 BITS) CHANNEL 3 (32 BITS) |_|
pour (2|1 [0 ) zfp] .-+ 32k Lo forfolzka). --- - 32k Lo fofolzkaf. -+ 32k Lo [l =k -+ [32f 1o
BCLK

18000800 RE 0800000 IRy 0800000 I 0800000 Ius (]2 fof)

Figure 18. TDM Mode Data Format Examples (4 Channels, 32-Bit Data Word and Channel Length)
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PCM Interface Data Format Configuration

REGISTER ADDRESS = 0x2024

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Data Word Size Control
7 1 Configures the PCM data word size for each channel.
PCM_DATA_ 00 = Reserved
WIDTH[1:0] RW-R | PCM 01 = 16-Bit
6 1 10 = 24-Bit
11 = 32-Bit
PCM Format Select
S 0 Selects the PCM data format.
000 = I12S mode
001 = Left-justified
4 0 PCM_FORMATI[2:0] RW-R | PCM | 010 = Reserved

011 = TDM mode 0 (0 BCLK delay from LRCLK)
100 = TDM mode 1 (1 BCLK delay from LRCLK)
3 0 101 = TDM mode 2 (2 BCLK delay from LRCLK)
110 to 111 = Reserved

2 0 RESERVED — — Unused - Returns 0 if read

Active LRCLK Edge Control

Selects which LRCK edge starts a new frame (channel 0).

0 =In 12S and LJ modes: falling LRCLK edge starts a new frame.
In TDM modes: rising LRCLK edge starts a new frame.

1 =1In 12S and LJ modes: rising LRCLK edge starts a new frame.
In TDM modes: falling LRCLK edge starts a new frame.

1 0 PCM_CHANSEL RW-R | PCM

Extra BCLK Cycles Hi-Z Control

Select whether DOUT is driven to zero or Hi-Z during extra BCLK
0 0 PCM_TX_EXTRA_HIZ | RW-R | PCM | cycles.

0 = Drive DOUT to zero for extra BCLK cycles.

1 = Drive DOUT to Hi-Z for extra BCLK cycles.
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PCM Data Path Configuration

The PCM interface data input accepts the source data for
the speaker path, while the data output accepts data from
the speaker DSP monitor path.

PCM Data Input

The PCM interface data input (DIN) is enabled with the
PCM_RX_EN bit and can accept data from up to 2 valid
input channels. In 12S and left-justified modes, only 2
channels are available. In TDM mode, up to 16 channels
of data may be available.

Digital Input Class D Speaker Amplifier with DHT

The device provides an input digital mono mixer that can
route a single channel or can mix two PCM input chan-
nels to create a mono input to the amplifier path. The
DMMIX_CFG bit is used to configure the mixer, while
the DMMIX_CHO_SOURCE and DMMIX_CH1_SOURCE
bits select which of the 16 PCM input channels are used
as the input to the mono mixer. If the PCM data input is
disabled, no data is accepted by the mono mixer input
and the mono mixer output drives a zero code value into
the amplifier path.

SPEAKER PATH
DATA —>
INPUT — -] p| DSPAND »| DAC CLASS D
FILTERS
(DIN) Ll >
CONTROL
AND AUDIO SPEAKER DSP
INTERFACES MONITOR PATH
DATA -
OUTPUT < — < I}
(Dour) MAX98374
Figure 19. Device Signal Path Diagram
r—-——=-">"~>=>="===——7= |
: DMMIX_CHO_ SOURCE3:0] |
DMMIX_CHO

=

PCM_RX_CH[15:0]

\ 4

SPEAKER PATH DSP

e

Figure 20 Digital Monomix Control
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PCM Interface Data Input (DIN) Enable

REGISTER ADDRESS = 0x202B
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

= IN|wWw|(hjlO|O|N
o|lo|lo|lo|lo|Oo|O

Unused
RESERVED - " | Returns 0 if read.
PCM Receiver Enable
0 0 PCM_RX_EN RW-R | SFB Enables the data input (DIN) of the PCM interface.

0 = PCM data input disabled
1 = PCM data input enabled

PCM Interface Digital Mono Mixer Configuration 1

REGISTER ADDRESS = 0x2029
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

Mono Mixer Configuration
7 0 Determines the behavior of the mono mixer circuit.
DMMIX_CFG[1:0] RW-R | SFB 00 i Output of mono m!xer !s channel 0

01 = Output of mono mixer is channel 1
6 0 10 = Output of mono mixer is (channel 0 + channel 1)/2
11 = Reserved

5 0 Unused
RESERVED - " | Returns 0 if read.
3 0 Mono Mixer Channel O Source Select
Selects which PCM interface data input channel is assigned to channel
2 0 0 of the digital mono mixer.
DMMIX_CHO_ RW-R | SFB 0000 = Channel 0 gets PCM interface data input channel 0.
1 0 SOURCE[3:0] 0001 = Channel 0 gets PCM interface data input channel 1.

1110 = Channel 0 gets PCM interface data input channel 14.
0 0 1111 = Channel 0 gets PCM interface data input channel 15.
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PCM Interface Digital Mono Mixer Configuration 2

Digital Input Class D Speaker Amplifier with DHT

REGISTER ADDRESS = 0x202A
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED o " | Returns 0 if read.
4 0
3 0 Mono Mixer Channel 1 Source Select
Selects which PCM interface data input channel is assigned to channel
2 0 1 of the digital mono mixer.
DMMIX_CH1_ RW-R | SFB 0000 = Channel 1 gets PCM interface data input channel 0.
] 0 SOURCE[3:0] 0001 = Channel 1 gets PCM interface data input channel 1.
1110 = Channel 1 gets PCM interface data input channel 14.
0 0 1111 = Channel 1 gets PCM interface data input channel 15.

PCM Data Output

The PCM interface data output (DOUT) is enabled by the
PCM_TX_EN bit and can drive output data onto any valid
enabled output channel. In 12S and left-justified modes,
only 2 output channels are available. In TDM mode, up to
16 output channels may be available.

It is possible to output the result of the speaker amplifier
path DSP (taken at the input to the DAC) to the PCM
Interface output by enabling the SPK_FB_EN and PCM_
SPK_FB_DEST register bits. The host can use this to

Table 10. Control Registers and the DOUT Pin

monitor the data that is being driven into the DAC (after
the digital volume, BDE, etc.). Itis invalid for SPK_FB_EN
to be 1 while SPK_EN is 0.

If an output channel is enabled and no data source is
assigned to it, then the output data is all zeros. The PCM
data output is Hi-Z if the device is disabled (EN = 0), the
PCM data output is disabled (PCM_TX_EN = 0), or all
output channels are set to a Hi-Z output (All PCM_TX_
CHn_HIZ = 1). A summary of the controls for the PCM
data output (DOUT) are shown in Table 10.

EN PCM_TX_CH_EN PCM_TX_CHn_HIZ CHSEQ‘FII;\IR'I'SIEI;IEESE%::?HEHE DOUT FOR CHANNEL n
0 — — — Hi-Z (all channels)

1 0 — — Hi-Z (all channels)

1 1 1 — Hi-Z (channel n)

1 1 0 No 0 (channel n)

1 1 0 Yes Data (channel n)

* A channel is selected if a path is both enabled and its destination bit field corresponds to that channel.
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PCM Interface Data Output (DOUT) Enable

REGISTER ADDRESS = 0x202C
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

= IN|wWw|(hjlO|O|N
ojlo|lo|jlo|lo|oOo|O

Unused
RESERVED - " | Returns 0 if read.
PCM Transmitter Enable
0 0 PCM_TX_EN RW-D o Enables the data output (DOUT) of the PCM interface.

0 = PCM data output disabled
1 = PCM data output enabled

PCM Interface Data Output Speaker DSP Feedback Channel Source

REGISTER ADDRESS = 0x2023
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED - " | Returns 0 if read.
4 0
3 0 Speaker Amplifier DSP to PCM Feedback Destination
PCM data output channel selection for the speaker amplifier DSP to
2 0 PCM feedback path.
PCM_SPK _ 0000 = PCM channel 0
] 0 FB_DEST[3:0] RW-R | FB 0001 = PCM channel 1
1110 = PCM channel 14
0 0 1111 = PCM channel 15
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PCM Interface Data Output Channel Configuration 1

REGISTER ADDRESS = 0x2020

BIT

PoR

BIT NAME

TYPE

RES

DESCRIPTION

PCM_TX_CH7_HIZ

RW-R

TXEN

PCM Transmit Channel 7 Hi-Z Configuration
0 = Transmit channel 7 output is data/zeros
1 = Transmit channel 7 output is Hi-Z

PCM_TX_CH6_HIZ

RW-R

TXEN

PCM Transmit Channel 6 Hi-Z Configuration
0 = Transmit channel 6 output is data/zeros
1 = Transmit channel 6 output is Hi-Z

PCM_TX_CH5_HIZ

RW-R

TXEN

PCM Transmit Channel 5 Hi-Z Configuration
0 = Transmit channel 5 output is data/zeros
1 = Transmit channel 5 output is Hi-Z

PCM_TX_CH4_HIZ

RW-R

TXEN

PCM Transmit Channel 4 Hi-Z Configuration
0 = Transmit channel 4 output is data/zeros
1 = Transmit channel 4 output is Hi-Z

PCM_TX_CH3_HIZ

RW-R

TXEN

PCM Transmit Channel 3 Hi-Z Configuration
0 = Transmit channel 3 output is data/zeros
1 = Transmit channel 3 output is Hi-Z

PCM_TX_CH2_HIZ

RW-R

TXEN

PCM Transmit Channel 2 Hi-Z Configuration
0 = Transmit channel 2 output is data/zeros
1 = Transmit channel 2 output is Hi-Z

PCM_TX_CH1_HIZ

TXEN

PCM Transmit Channel 1 Hi-Z Configuration
0 = Transmit channel 1 output is data/zeros
1 = Transmit channel 1 output is Hi-Z

PCM_TX_CHO_HIZ

RW-R

TXEN

PCM Transmit Channel 0 Hi-Z Configuration
0 = Transmit channel 0 output is data/zeros
1 = Transmit channel 0 output is Hi-Z

www.maximintegrated.com

Maxim Integrated | 67



MAX98374 Digital Input Class D Speaker Amplifier with DHT

PCM Interface Data Output Channel Configuration 2

REGISTER ADDRESS = 0x2021
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

PCM Transmit Channel 15 Hi-Z Configuration
7 1 PCM_TX_CH15_HIZ RW-R | TXEN | 0 = Transmit channel 15 output is data/zeros
1 = Transmit channel 15 output is Hi-Z

PCM Transmit Channel 14 Hi-Z Configuration
6 1 PCM_TX_ CH14 HIz RW-R | TXEN | 0 = Transmit channel 14 output is data/zeros
1 = Transmit channel 14 output is Hi-Z

PCM Transmit Channel 13 Hi-Z Configuration
5 1 PCM_TX_CH13_HIzZ RW-R | TXEN | 0 = Transmit channel 13 output is data/zeros
1 = Transmit channel 13 output is Hi-Z

PCM Transmit Channel 12 Hi-Z Configuration
4 1 PCM_TX_CH12_HIzZ RW-R | TXEN | 0 = Transmit channel 12 output is data/zeros
1 = Transmit channel 12 output is Hi-Z

PCM Transmit Channel 11 Hi-Z Configuration
3 1 PCM_TX_CH11_HIz RW-R | TXEN | 0 = Transmit channel 11 output is data/zeros
1 = Transmit channel 11 output is Hi-Z

PCM Transmit Channel 10 Hi-Z Configuration
2 1 PCM_TX_CH10_HIz RW-R | TXEN | 0 = Transmit channel 10 output is data/zeros
1 = Transmit channel 10 output is Hi-Z

PCM Transmit Channel 9 Hi-Z Configuration
1 1 PCM_TX_CH9_HIZ RW-R | TXEN | 0 = Transmit channel 9 output is data/zeros
1 = Transmit channel 9 output is Hi-Z

PCM Transmit Channel 8 Hi-Z Configuration
0 1 PCM_TX_CH8_HIZ RW-R | TXEN | 0 = Transmit channel 8 output is data/zeros
1 = Transmit channel 8 output is Hi-Z
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SoundWire Slave Interface

When in SoundWire mode, the SoundWire compatible
slave interface supports both audio and control data
transport over the shared 2-wire bus comprising a clock
input (SWCLK) and a bidirectional data input/output
(SWDATA). For device configuration, the SoundWire mas-
ter can access both the general control and SoundWire
slave interface registers. The SoundWire slave interface
receives and routes all enabled device status interrupts to
the SoundWire master for servicing.

Set the INTERFACE_MODE bit field (Audio Interface
Mode Configuration) to 0x3 to select SoundWire slave
interface mode for digital audio data. For speaker path play-
back, the SoundWire compatible slave interface provides
an input data port that accepts stereo PCM audio data.

Digital Input Class D Speaker Amplifier with DHT

SoundWire Slave Device Identification

and Addressing

The SoundWire compatible slave interface provides a
48-bit value (Device Id[47:0] in the SCP_Devid_0 to
SCP_Devld_5 registers) that is read by the SoundWire
Master to identify the connected SoundWire slave device.
The SoundWire slave device identification bit field con-
tains multiple segments each detailed in Table 11. All
segments are fixed except for the slave device unique ID.

The 4-bit SoundWire slave device unique ID (Device
Id[43:40]) is pin configurable and has eight possible
combinations. To select the device unique ID, connect the
ADDR, SDA, and SCL pins as shown in Table 12.

Table 11. SoundWire Slave Device Identification

REGISTER BIT FIELD SEGMENT DESCRIPTION VALUE
Device_|d[47:44] SoundWire Version Number 0x2
SCP_Devld_0 — - - -
Device_1d[43:40] Slave Device Unique ID Decoded From Pin 0x0 to Ox8
SCP_Devld_1 and . . .
SCP_Devid 2 Device _1d[39:24] MIPI Assigned Manufacturer 1D 0x019F
SCP_Devld_3 and . . .
SCP_Devld 4 Device_Id[23:8] Audio Part Number (OTP Programmable) 0x8374
SCP_Devld_5 Device |d[7:0] Class—MIPI Reserved 0x00

Table 12. SoundWire Slave Device Unique ID Configuration

ADDR PIN

SDA PIN

Connect to DGND

Connect to DGND

Connect to DGND

Connect to DVDD

Connect to DGND

Connect to DGND

Connect to DGND

Connect to DVDD

Connect to DVDD

Connect to DVDD

Connect to DVDD

Connect to DVDD

Connect to DVDD

Connect to DGND

Connect to DVDD

Connect to DGND

SCL PIN DEVICE UNIQUE ID
Connect to DGND 0x1
Connect to DGND 0x2
Connect to DVDD 0x3
Connect to DVDD 0x4
Connect to DVDD 0x5
Connect to DGND 0x6
Connect to DVDD 0x7
Connect to DGND 0x8
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SoundWire Clock Configuration

The SoundWire compatible slave interface operates
and supports device programming with any valid input
SoundWire clock frequency (as specified in version 1.1 of
the SoundWire specification). However, in this mode, the
external SoundWire clock is also the source clock for all
internal clock generation (Figure 21).

Therefore, for the device audio and data paths to oper-
ate, the external SoundWire clock frequency must either

Digital Input Class D Speaker Amplifier with DHT

match or be an integer divider (2/4/8) of one of the sup-
ported input clock frequencies. The expected SoundWire
input clock frequency is programmed using the input
clock configuration register (SoundWire Input Clock
Configuration). The SoundWire clock frequency selection
and rate divider are calculated with the following formula:

f _ SWIRE_CLK_SEL[2:0]
SWCLK “SWIRE_CLK_RATE[1:0]

T T T T T T T |
| SWIRE_CLK SEL !
| P ——> CLOCK INTERNAL
L SWIRE_CLK_RATE ! SELECTION » CLOCK
_________ » ISCALING GENERATION
T T T T T T |
I SOUNDWIRE !
| CLOCKINPUT |
__________ ] —_—————
SOUNDWIRE | TOINTERNAL |
»|  COMPATIBLE | CONVERTERS/ |
SLAVE INTERFACE | DSPETC. !
L
Figure 21. Internal Clock Generation in SoundWire Control Mode
SoundWire Input Clock Configuration
REGISTER ADDRESS = 0x2036
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED o " | Returns 0 if read.
4 0 SoundWire Input Clock Rate Divider
Selects the SoundWire input clock rate divider. The SoundWire clock
SWIRE_CLK_RATE[1:0] | RW-S EN | frequency must match the clock family selected divided by this setting.
00: Divide by 1 (default) 10: Divide by 4
3 10 01: Divide by 2 11: Divide by 8
2 1 SoundWire Input Clock Frequency Family
Selects the SoundWire input clock frequency family. The input clock
frequency must match or be a supported integer divided by this setting.
Note: The 13MHz clock family requires a divider of either 2 or 4.
1 : A
0 SWIRE_CLK_SEL[2:0] RW-S | EN 000: 7.68Mhz 100: 12.00Mhz
001: 8.40Mhz 101: 12.288Mhz
010: 9.60Mhz 110: 13.00Mhz
0 1 011: 11.2896Mhz 111: Reserved
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SoundWire Slave Control Port (SCP) Configuration

The device SCP supports the options shown in Table 13.
The SCP configuration bit fields are in the SoundWire slave
interface registers from address 0x0040 to address 0x0070.
For detailed register and bit field descriptions, reference the
full MIPI SoundWire® Specification (Version 1.1).

SoundWire Device Data Port (DP) Configuration

The SoundWire slave interface provides four data ports,
each of which is described in Table 14.

The speaker path and amplifier DSP path data ports
support all data flow modes (Isochronous, Tx-Controlled,
Rx-Controlled, Full-Asynchronous). Data port test modes
(Normal, PRBS, Static-0, and Static-1) are provided.

Digital Input Class D Speaker Amplifier with DHT

When operating as a passive slave (device is attached to
the SoundWire bus but all data ports are deactivated) the
interface is optimized to minimize power consumption, and
only the logic cells that need to be active are switching.
Data port power is managed using the SoundWire defined
Prepare-Ready-Activate mechanism. The SoundWire mas-
ter should only enable and disable slave interface data
ports while the device is in software shutdown.

The provided data ports support a subset of options as
shown in Table 15. The data port control bit fields are
located in the SoundWire slave interface registers from
address 0x0100 to address 0x0337. For detailed reg-
ister and bit field descriptions, reference the full MIPI
SoundWire® Specification (Version 1.1).

Table 13. SoundWire Slave Control Port (SCP) Options

SLAVE CONTROL PORT OPTION PROVIDED
Implementation Defined Interrupt 1 Yes
Clock-Stop Mode 1 Yes

Clock-Stop Prepare State Machine Simplified
Clock-Stop Asynchronous Wake Up No
Address Paging No
Multi-Lane No
Bridging No
High Phy No
Test Mode No
Broadcast Read Response Command Ignored

Table 14. SoundWire Slave Interface Data Port Assignments

NUMBER DIRECTION TYPE CHANNELS | WORD SIZE FUNCTION
Data Port 0 — — — — Not Supported
Data Port 1 Rx (Input) Full 2 32-Bit Data Input for the Speaker Path
Data Port 2 — — — — Not Supported
Data Port 3 Tx (Output) Full 2 16-Bit Data Output for amplifier DSP path
Data Ports 4-14 — — — — Not Supported
Table 15. Data Port 1 and 3 Options
DATA PORT OPTIONS PROVIDED
Implementation defined Interrupt 1 No
Implementation defined Interrupt 2 No
Implementation defined Interrupt 3 No
Flow Mode Support Yes
Extended Buffer Operating Modes for Flow Control No
Block Group Support No
Prepare State Machine Advanced
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Interrupts

The device supports individually enabled status interrupts
for sending feedback to the host about events that have
occurred on-chip. When enabled, interrupts are transmit-
ted on the IRQ output in I12C control mode and through the
SoundWire slave interface in SoundWire control mode.

Interrupt Bit Field Composition

Each interrupt source has five individual bit field compo-
nents. The function of each component is detailed below
and the corresponding bit fields for each source can be
identified by the appended suffix (shown in parentheses).

Raw Status (RAW)

Each interrupt source has a read-only bit to indicate the
real-time raw status of the interrupt source.

State (STATE)

Each interrupt source has a read-only state bit that is set
whenever a rising edge occurs on the associated raw
status bit. The state bit is set regardless of the setting of
the source enable bit.

Flag (FLAG)

Each interrupt source has a read-only flag bit. If the source
enable bit is set, then the flag bit is set, and an interrupt can
be generated whenever the source state bit is set.

IRQ Bus Configuration

Digital Input Class D Speaker Amplifier with DHT

Enable (EN)

Each interrupt source has a dynamic read/write enable
bit. When the enable bit is set, the associated flag bit
is set, and an interrupt can be generated whenever the
source state bit is set.

Clear (CLR)

Each interrupt source has a dynamic write-only clear bit.
Writing a 1 to a clear bit resets the associated state and flag
bits to 0. Writing a 0 to a clear bit has no effect. In 12C con-
trol mode, the IRQ output is deasserted if all flag bits are 0.

IRQ Output Configuration

The device allows the user to configure the drive mode
and polarity of the IRQ output. The IRQ_MODE bit con-
trols the drive mode. If IRQ_MODE is 0, the pin is config-
ured as an open-drained output and requires an external
pullup resistor. If IRQ_MODE is 1, then IRQ is configured
as a push-pull CMOS output.

The IRQ_POL bit controls the polarity of the IRQ bus.
Interrupt events (a flag bit is set high) assert the IRQ bus
low if IRQ_POL = 0 and high if IRQ_POL = 1. The IRQ bus
deasserts if all flag bits are cleared (set low).

Interrupt Sources

The events in Device Interrupt Sources can cause device
interrupts when enabled (corresponding interrupt enable
set high).

REGISTER ADDRESS = 0x2010
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 U g
nuse

5 0 RESERVED - " | Returns 0 if read.

4 0

3 0
IRQ Mode

9 0 IRQ_MODE RWR | IRQ Controls the erve mode of the IRQ Output. . .
0 = Open-drain output (an external pullup resistor is necessary)
1 = CMOS push-pull output
IRQ Polarity
Controls the IRQ bus polarity.

! 0 IRQ_POL RW-R | IRQ 0 = Low when any interrupt FLAG bits are high
1 = High when any interrupt FLAG bits are high
IRQ Enable
Enables the IRQ Output.

0 0 IRQ_EN RW-D 1 = 1 9=1ra output is disabled and is high-impedance
1 =IRQ output is enabled and is controlled by the interrupt controller
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Device Interrupt Sources

Digital Input Class D Speaker Amplifier with DHT

REGISTER INTERRUPT
ADDRESS SOURCES BIT FIELD DESCRIPTION
BDE Active Begin Event BDE_ACTIVE_BGN_* | Indicates that the BDE is active.
BDE Active End Event BDE_ACTIVE _END_* | Indicates that the BDE is no longer active.
BDE Level Change Event BDE_LEVEL_* Indicates that the BDE has transitioned between thresholds.
BDE Level 4 Event BDE L4 * Indicated that the BDE has transitioned into level 4.
0x2001 Thermgl Warning THERMWARN_BGN_* Indicates when the thermal-warning threshold has been
0x2004 Begin Event exceeded.
0x2007 . Indicates that the die temperature was previously above the
— Thermal Warning . .
0Xx200A End Event THERMWARN_END _ thermal-warning threshold and has now dropped below the
0X200D threshold.
Thermgl Shutdown THERMSHDN_BGN_* Indicates when the thermal-shutdown threshold has been
Begin Event exceeded.
Thermal Shutdown Indicates that the die temperature was previously above the
THERMSHDN_END_* | thermal-shutdown threshold and has now dropped below
End Event
the threshold.
ICC Data Error ICC_DATA_ERR * Indicates that the ICC syn.chronlzatlon lock for the assigned
group was broken due to incorrect data.
ICC Svnchronization Indicates that the device has not synchronized within the
y Error ICC_SYNC_ERR_* ICC time-out period from when the ICC interface was
enabled.
CISc;cl:tl\éonlt:)r CLKSTART * Ir;dliates that the clock monitor has detected a restart of
0%2002 art Even clock.
0x2005 CISotck I\éonlt:)r CLKSTOP * Ir;dliates that the clock monitor has detected a loss of
0x2008 op Even clock.
0x200B Speaker Over N Indicates that the speaker amplifier current limit has been
—_— SPK_OVC
0x200E Current Event - - exceeded.

Power-Up Done Event

PWRUP_DONE_*

Indicates when the device has completed power-up
successfully.

Power-Down
Done Event

PWRDN_DONE_*

Indicates when the device has completed power-down.

OTP Load Fail Event

OTP_FAIL_*

Indicates when the OTP load routine that runs when exiting
hardware shutdown has failed to complete successfully.
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Device Interrupt Sources (continued)

REGISTER INTERRUPT
ADDRESS SOURCES BIT FIELD DESCRIPTION
L|m|t§r Active LMTR ACTIVE BGN * Ipd!cgtes that the .I|m|ter CII'CUI.t is applying a hard limit
Begin Event - - — | (infinite compression) to the signal.
Limiter Active LMTR ACTIVE END * Ipd_lcgteg .that the I|m|tgr circuit ha; stopped applying a hard
End Event - - — | limit (infinite compression) to the signal.
0x2003 DHT Active DHT_ACTIVE_BGN_* Indicates t.hat the DHT circuit is active and is applying
70x2006 Begin Event compression to the signal.
0x2009 DHT Active DHT ACTIVE END * Indicates t.hat the DHT circuit has stopped applying
m End Event - - - compression to the signal.
X
- Thermal Foldback " Indicates die temperature is above thermal-foldback
0x200F Begin Event THERMFB_BGN_ threshold and device is attenuating the output.
Thermal Foldback " Indicates die temperature is below thermal-foldback
End Event THERMFB_END_ threshold and device has stopped attenuating the output.
PVDD UVLO PVDD UVLO SHDN * Indicates that PVDD has dropped belgw the minimum
Shutdown Event - - - allowed voltage after initial power-up is complete.

Note: The bit fields are shown without the component suffixes. For example, BDE_LEVEL_* refers to BDE_LEVEL RAW, BDE LEVEL
STATE, BDE_LEVEL FLAG, BDE LEVEL_EN, and BDE_LEVEL CLR. All Interrupt sources have these five component bit fields.

Digital Output Pin Drive Strength

The drive strength control (*_DRV) bits set the drive strengths of the logic output pins. Four different CMOS drive
strengths are available for each logic output (Digital Output Pin Drive Strength Configuration).

Digital Output Pin Drive Strength Configuration

REGISTER ADDRESS = 0x201E

BIT | PoR

BIT NAME

TYPE | RES

DESCRIPTION

ICC_DRV[1:0]

ICC Drive Strength Control

Configures the output drive strength of ICC.
00 = Reduced drive mode

01 = Normal drive mode

10 = High drive mode

11 = Highest drive mode

LRCLK_DRV[1:0]

RW-S | EN

LRCLK Drive Strength Control

Configures the output drive strength of LRCLK.
00 = Reduced drive mode

01 = Normal drive mode

10 = High drive mode

11 = Highest drive mode

IRQ_DRV[1:0]

RW-S | EN

IRQ Drive Strength Control

Configures the output drive strength of IRQ.
00 = Reduced drive mode

01 = Normal drive mode

10 = High drive mode

11 = Highest drive mode

DOUT_DRV[1:0]

RW-S | EN

DOUT Drive Strength Control

Configures the output drive strength of DOUT.
00 = Reduced drive mode

01 = Normal drive mode

10 = High drive mode

11 = Highest drive mode
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Tone Generator

The device includes a tone generator, which can be used
to generate sinewave tones or DC output levels. The tone
generator requires a valid interface clocking configuration.
However, for tone generator operation the selected audio
sample rate set by the SPK_SR bit field (Speaker Path
Sample Rate) cannot exceed 48kHz.

The tone generator output is configured with the TONE_
CONFIG bit field (Tone Generator Configuration). If a
sinewave tone output is selected, then the frequency

Tone Generator Configuration

Digital Input Class D Speaker Amplifier with DHT

is set by the audio sample rate (selected by SPK_SR)
divided by the selected ratio. If a DC output is selected, it
does not vary with the audio sample rate.

When the tone generator is enabled (TONE_CONFIG
bit field is any setting except 0x00), the tone generator
output is routed to the speaker path. When its disabled
(TONE_CONFIG = 0x00), the speaker path input is set
to either the PCM or SoundWire compatible interface
(whichever is active).

REGISTER ADDRESS = 0x2040
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

0
0
RESERVED — —
0
0

A~ O |O | N

Unused
Returns 0 if read.

TONE_CONFIG[3:0] RW-R | SFB

Tone Generator Configuration

Configures the output of the tone generator. For signal outputs, the
frequency is a division of the sample rate (fg).
0000 = Disabled

0001 = fg/4 (at 48kHz = 12kHz)

0010 = fg/6 (at 48kHz = 8kHz)

0011 = fg/8 (at 48kHz = 6kHz)

0100 = fg/16 (at 48kHz = 3kHz)

0101 = fg/32 (at 48kHz = 1.5kHz)

0110 = fg/64 (at 48kHz = 750Hz)

0111 = f5/128 (at 48kHz = 375kHz)

1000 = DC Zero Code (0x0000)

1001 = DC Positive Half Scale (0x4000)

1010 = DC Negative Half Scale (0xC000)
1011 to 1111 = Reserved
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Speaker Path Configuration

The source input data to the speaker amplifier path is
routed from either the PCM interface, the SoundWire
compatible interface, or the tone generator. The data is
then routed through digital filters, signal processing, and
volume/gain control blocks before reaching the Class D
speaker amplifier (shown in Figure 22).

Speaker Path Dither

The input data to the speaker path can optionally have
dither (£1LSB peak-to-peak) applied if SPK_DITH_EN
(Speaker Path DSP Configuration) is set to 1. No dither is
applied when SPK_DITH_EN is set to 0.

Speaker Path Data Inversion

The input data to the speaker path can optionally be
inverted by setting the DAC_INVERT bit (Speaker Path
DSP Configuration) to 1.

Speaker Path DC Blocking Filter

A DC blocking filter can be enabled on the speaker path
by setting the SPK_DCBLK_EN bit (Speaker Path DSP

Configuration) to 1.

Digital Input Class D Speaker Amplifier with DHT

Speaker Path Digital Volume Control

The device provides a dynamically programmable speaker
path digital volume control. The digital volume control pro-
vides an attenuation range of 0dB to -63dB in 0.5dB steps
that is configured with the SPK_VOL bit field (Speaker
Path Digital Volume Control). A digital mute is also pro-
vided, and is enabled when SPK_VOL is set to 0x7F. The
digital volume control can be placed either before or after
the limiter in the signal path with the SPK_VOL_SEL bit.

Digital volume ramping during speaker path start up,
speaker path shutdown, and digital mute (SPK_VOL =
0x7F) is enabled by default. However, both the volume
ramp up and ramp down can be individually bypassed
with the SPK_VOL_RMPUP_BYPASS and SPK_VOL_
RMPDN_BYPASS bit fields respectively (Speaker Path
DSP Configuration). When volume ramp up or ramp
down is enabled, the device turn-on and turn-off times
are longer.

|
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Figure 22. Speaker Path Block Diagram
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Speaker Path Digital Gain Control

The device provides a programmable speaker path digital
gain control. The digital gain control provides a range of
0dB to +6dB in 0.5dB steps that is configured with the
SPK_GAIN bit field (Speaker Path Output Level Scaling).
Unlike the digital volume control, the digital gain setting
cannot be dynamically changed.

Speaker Path DSP Data Feedback Path

The speaker path DSP data can be routed from just
before the DAC input back to the PCM interface, and
can be assigned to any valid data output channel (PCM
Interface Data Output Speaker DSP Feedback Channel
Source). The speaker path DSP data feedback path is
enabled with the SPK_FB_EN bit (Speaker Path and
Speaker DSP Data Feedback Path Enables).

Speaker Path Maximum Peak

Output-Voltage Scaling

The device operates over a large PVDD supply-voltage
range, and as a result, the full-scale speaker output ampli-
tude level is configurable to allow the output signal ampli-
tude to be scaled. As a baseline, the full-scale output of

Digital Input Class D Speaker Amplifier with DHT

the speaker path DAC is 3.68dBV (typical). The speaker
path no-load maximum peak output-voltage level (Vpo)
is then programmable relative to this baseline level. The
peak output scaling range is from +8dB to +17dB and
is set with the SPK_GAIN_MAX bit field (Speaker Path
Output Level Scaling).

The speaker output signal level (in dBV) for a given digital
input signal level (in dBFS) is calculated as follows:

Output Signal Level (dBV) = Input Signal Level (dBFS)
+ 3.68 (dBV) + SPK_GAIN_MAX (dB)
(OdBFS is referenced to 0dBV)

The peak output-voltage scaling is applied to the signal
path using a combination of digital gain and analog gain
adjustments (See Figure 22). The analog gain adjust-
ments are coarse and come in 3dB steps. As a result,
single dB digital gain steps are automatically subtracted
from the analog gain steps to provide the 1dB resolution
for the peak output voltage-level configuration (SPK_
GAIN_MAX). Table 16 shows the combination of analog
gain and digital gain levels that are paired for each peak
output-voltage level setting.

Table 16. Maximum Peak Output-Voltage Scaling Configuration

SPK_GAIN_MAX | TOTAL GAIN (dB) | DIGITAL GAIN (dB) | ANALOG GAIN (dB) | MAXIMUM PEAK VOLTAGE (Vp)
0x0 8 2 10 5.43 (11.68dBV)
Ox1 9 -1 10 6.09 (12.68dBV)
0x2 10 0 10 6.83 (13.68dBV)
0x3 11 2 13 7.67 (14.68dBV)
Ox4 12 -1 13 8.60 (15.68dBV)
0x5 13 0 13 9.65 (16.68dBV)
0x6 14 2 16 10.83 (17.68dBV)
0x7 15 -1 16 12.15 (18.68dBV)
0x8 16 0 16 13.63 (19.68dBV)
0x9 17 2 19 15.29 (20.68dBV)
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Speaker Path DSP Configuration

Digital Input Class D Speaker Amplifier with DHT

REGISTER ADDRESS = 0x203F

BIT

PoR

BIT NAME

TYPE

RES

DESCRIPTION

SPK_VOL_SEL

RW-R

SFB

Speaker Path Digital Volume Control Location Select

Controls where in the speaker amplifier digital signal path the digital
volume is applied.

0 = Digital volume control applied before BDE limiter

1 = Digital volume control applied after BDE limiter

RESERVED

Unused
Returns 0 if read.

SPK_INVERT

RW-R

SFB

Speaker Path Output Invert

Inverts the speaker amplifier path output.
0 = Output is normal

1 = Output is inverted

RESERVED

Unused
Returns 0 if read.

SPK_VOL_
RMPDN_BYPASS

RW-R

SFB

Speaker Path Volume Ramp-Down Bypass

Controls whether the speaker amplifier path volume is internally ramped
down during shutdown.

0 = Volume ramp enabled

1 = Volume ramp bypassed

SPK_VOL_
RMPUP_BYPASS

RW-R

SFB

Speaker Path Volume Ramp-Up Bypass

Controls whether the speaker amplifier path volume is internally ramped
up during startup.

0 = Volume ramp enabled

1 = Volume ramp bypassed

SPK_DITH_EN

RW-R

SFB

Speaker Path Dither Enable

Selects whether or not dither is applied to the PCM input data for the
speaker amplifier path.

0 = Dither disabled

1 = Dither enabled

SPK_DCBLK_EN

RW-R

SFB

Speaker Path DC Blocking Filter Enable

Controls the DC blocking filter in the speaker amplifier path.
0 = DC blocking filter disabled

1 = DC blocking filter enabled
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Speaker Path Digital Volume Control

REGISTER ADDRESS = 0x203D

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
7 0 RESERVED o " | Returns 0 if read.
6 0 Speaker Path Digital Volume Control
5 0 Sets the digital volume level of speaker amplifier path.
0x00 = 0.0dB
4 0 0x01 = -0.5dB
) 0x02 = -1.0dB
3 0 SPK_VOL[6:0] RW-D — = . (-0.5dB steps)
2 0 0x7C = -62.0dB
1 0 0x7D = -62.5dB
0x7E =-63.0 dB
0 0 0x7F = Mute
Speaker Path Output Level Scaling
REGISTER ADDRESS = 0x203E
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0 Speaker Digital Gain Control
Sets the digital gain level of the speaker amplifier path.
6 0 0000: 0.0dB 0110: 3.0dB
) 0001: 0.5dB 0111: 3.5dB
SPK_GAIN[3:0] RW-R| SFB 0010: 1.0dB 1000: 4.0dB
510 0011: 1.5dB 1001: 5.0dB
0100: 2.0dB 1010: 6.0dB
4 0 0101: 2.5dB 1011 to 1111: Reserved
3 1 Speaker Full-Scale Gain Maximum Control
Sets the maximum peak output-voltage level (V\ypo) for the speaker path
(no-load). Values in dB are relative to the baseline speaker path DAC full-
2 0 scale output level of 3.68dBV.
. : 0000: 5.43Vp (+8dB) 0110: 10.83Vp (+14dB)
SPK_GAIN_MAX[3:0] RW-R| SFB 0001: 6.09Vp (+9dB) 0111: 12.15Vp (+15dB)
1 0 0010: 6.83Vp (+10dB) 1000: 13.63Vp (+16dB)
0011: 7.66Vp (+11dB) 1001: 15.29Vp (+17dB)
0100: 8.60Vp (+12dB) 1010 — 1111: Reserved
0 0 0101: 9.65Vp (+13dB)
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Class D Speaker Amplifier Output Stage

The device features a Class D speaker amplifier output
stage with AEL and SSM. The speaker’s amplifier path
is enabled and disabled using the SPK_EN bit (Speaker
Path and Speaker DSP Data Feedback Path Enables).
The default Class D amplifier switching frequency is
472kHz, and results in the best THD+N performance.
However, the output switching frequency is program-
mable and can be reduced to 330kHz by setting the SPK_
FSW_SEL bit field (Speaker Amplifier Configuration) to
1. The reduced switching frequency setting trades an
improvement in amplifier efficiency for a reduction in
THD+N performance.

Speaker Amplifier Clock Synchronization

By default, the device uses the externally provided BCLK/
SWCLK as the synchronous clock source for the Class
D amplifier operation. However, if the SPK_OSC_SEL
bit (Speaker Amplifier Configuration) is set to 1, then an
asynchronous internal oscillator is enabled and is used to
derive the Class D amplifier clocking.

Speaker Amplifier Ultra-Low EMI
Filterless Operation

Traditional Class D amplifiers require the use of external
LC filters, or shielding, to meet electromagnetic-interfer-
ence (EMI) regulation standards. However, the device
features AEL which helps limit the output switching har-
monics that can directly contribute to EMI and radiated
emissions. As a result, the device does not require an
output filter in typical applications with half power and a
load length of less than 6 inches long (Figure 23). For
applications with higher power or longer load lengths, a
ferrite bead may be required to meet the EMC standard
EN 55022 Class B (Figure 24).

The programmable speaker edge rate control is used
to adjust the switching edge rate to help tune EMI per-
formance. As the edge rate increases, the efficiency
improves slightly, while as the edge rate is decreased

Digital Input Class D Speaker Amplifier with DHT

the efficiency drops slightly. The speaker edge rate is
configured with the SPK_EDGE_CTRL bit field (Speaker
Amplifier Switching Edge Rate Configuration).

The Class D speaker amplifier output also supports spread
spectrum modulation (SSM). In most systems, SSM is not
needed and therefore it is not enabled by default. When
SSM is enabled (SPK_SSM_EN = 1, Speaker Amplifier
Configuration), it optimizes the suppression and control of
the output switching harmonics that can contribute to EMI
and radiated emissions. The modulation index in spread-
spectrum mode is controlled by the SPK_SSM_MOD_
INDEX bit field (Speaker Amplifier Configuration), and
the maximum modulation index (MMI) varies accordingly.
Higher percentage settings of the modulation index result
in the switching frequency of the amplifier being modu-
lated by a wider range, spreading out-of-band energy
across a wider bandwidth. Above 10MHz, the wideband
spectrum looks like noise for EMI purposes.

Speaker Amplifier Current Limit

The device features amplifier current-limit protection that
protects the amplifier output from both high current and
short circuit events. If the OVC_AUTORESTART_EN bit
(Device Auto-Restart Configuration) is set to 1 and the
speaker amplifier output current exceeds the current-limit
threshold (6A typ), the device generates an interrupt and
disables the amplifier output. After 69 (typically) Class
D clock cycles, the amplifier output is re-enabled. If the
overcurrent condition still exists, the device continues to
disable and re-enable the amplifier output automatically
until the fault condition is removed.

If the OVC_AUTORESTART_EN bit is set to 0, when a
speaker amplifier overcurrent event occurs the device still
generates an interrupt and disables the amplifier output.
However, in this case the device is placed into software
shutdown and the software enable (EN, Global Enable)
bit is set to 0. As a result, the host must manually re-
enable the device after an overcurrent event.
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Figure 23. Filterless EMI results for EN 55022 Class B
Standard
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Figure 24. Filtered Output EMI results for EN 55022 Class B
Standard
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Speaker Path and Speaker DSP Data Feedback Path Enables

REGISTER ADDRESS = 0x2043
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

Unused
Returns 0 if read.

RESERVED — —

Nlw|lhjlO|O | N
o|lo|o|o|o|O

Speaker DSP Feedback Path Enable

Enables the output path from the end of the amplifier baseband
1 0 SPK_FB_EN RW-D — programming to the host through the PCM interface.

0 = Speaker DSP feedback path disabled

1 = Speaker DSP feedback path enabled

Speaker Path Enable

Enable output amplifier path. The speaker amplifier is powered up if this
0 0 SPK_EN RW-D — bit is set and the global enable bit is set.

0 = Speaker amplifier is disabled

1 = Speaker amplifier is enabled

Speaker Amplifier Switching Edge Rate Configuration

REGISTER ADDRESS = 0x2042
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

7 0

6 0
Unused

5 0 RESERVED - " | Returns 0 if read.

4 0

3 0
Speaker Amplifier Edge Rate Control

2 0 Controls the OUTP and OUTN switching edge rates. Values are
relative to the default setting (00), and are based on a 10% to 90%

SPK_EDGE CTRL[1:0] | — | spk | Measurement.

00 = 30ns typical rise/fall time at Vpypp = 12V (default)
01 = 13% slower risef/fall time

1 0 10 = 32% slower rise/fall time

11 = 10% faster rise/fall time

Unused

0 0 RESERVED - " | Returns 0 if read.
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Speaker Amplifier Configuration
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REGISTER ADDRESS = 0x2041

BIT | PoR BIT NAME TYPE

RES

DESCRIPTION

SPK_SSM_EN RW-R

SPK

Speaker Amplifier SSM Enable

Enables spread-spectrum clocking.

0 = Spread-spectrum clocking is disabled
1 = Spread-spectrum clocking is enabled

SPK_OSC_SEL RW-R

SPK

Speaker Amplifier Clock Source Select

Selects Class D amplifier clock source.

0 = Class D clock is synchronous to BCLK or SWCLK.

1 = Class D clock source is an asynchronous internal oscillator

RESERVED —

Unused
Returns 0 if read.

SPK_FSW_SEL RW-R

SPK

Speaker Amplifier Switching Frequency Select

Controls the nominal switching frequency of the Class D amplifier:
0 =472kHz

1 = 330kHz

SPK_SSM_MOD_

INDEX[2:0] RW-R

SPK

Speaker Amplifier SSM Index

Selects the modulation index for the Class D amplifier spread-spectrum
clocks. The modulation index can be varied as follows:

000 = MMI

001 = MMI x 5/6

010 = MMI x 4/6

011 = MMI x 3/6 (recommended for 330kHz operation)

100 = MMI x 2/6

101 = MMI x 1/6 (recommended for 472kHz operation)

110 to 111 = Reserved

Measurement ADC

The device features a configurable 8-bit measurement
ADC. The measurement ADC has two channels, one
for die temperature measurement (measurement ADC
thermal channel) and the other for PVDD supply voltage
measurement (measurement ADC PVDD channel). The
programmable measurement ADC sample rate is identi-
cal for all channels, and supports a range from 48kHz to
333kHz. Each channel separately provides an optional
programmable lowpass IIR filter.

Measurement ADC Thermal Channel

When the device is clocked, active (EN = 1), and the
speaker amplifier is enabled (SPK_EN = 1), the measure-
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ment ADC thermal channel automatically activates. When
active, it continuously measures and reports the device
die temperature over the range from -29°C to +150.2°C.

The output of the thermal ADC channel can be read-
back through the MEAS_ADC_THERM_DATA bit field
(Measurement ADC Thermal Channel Readback) and
is the input to both the thermal protection and thermal-
foldback blocks. The thermal ADC channel also pro-
vides an optional lowpass IIR filter with a programmable
bandwidth that scales relative to the measurement ADC
sample rate. The filter is enabled with the MEAS_ADC_
TEMP_FILT_EN bit field and the bandwidth is set with the
MEAS_ADC_TEMP_FILT_COEFF bit field (Measurement
ADC Thermal Channel Filter Configuration).
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Measurement ADC Thermal Channel

When the device is clocked, active (EN = 1), and the
speaker amplifier is enabled (SPK_EN = 1), the measure-
ment ADC thermal channel automatically activates. When
active, it continuously measures and reports the device
die temperature over the range from -29°C to +150.2°C.

The output of the thermal ADC channel can be read-
back through the MEAS_ADC _THERM_DATA bit field
(Measurement ADC Thermal Channel Readback) and

Measurement ADC Sample Rate Control

Digital Input Class D Speaker Amplifier with DHT

is the input to both the thermal protection and thermal-
foldback blocks. The thermal ADC channel also pro-
vides an optional lowpass IIR filter with a programmable
bandwidth that scales relative to the measurement ADC
sample rate. The filter is enabled with the MEAS_ADC _
TEMP_FILT_EN bit field and the bandwidth is set with the
MEAS_ADC_TEMP_FILT_COEFF bit field (Measurement
ADC Thermal Channel Filter Configuration).

REGISTER ADDRESS = 0x2051
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0 Unused
4 0 RESERVED o " | Returns 0 if read.
3 0
2 0
Measurement ADC Channel Sample Rate
1 0 Configures the sample rate of the measurement ADC channels.
MEAS_ADC_SR[1:0] | RW-S | EN 00 =333 kiHz
- - ' 01 =192 kHz
0 0 10 = 64 kHz
11 =48 kHz

Measurement ADC Thermal Channel Readback

REGISTER ADDRESS = 0x2055
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0 Measurement ADC Thermal Channel Result
4 0 MEAS_ADC_THERM_ Provides the measured temperatqre Yalue. To convert the 8-bit code into
DATA[7:0] R — a real temperature, use the following:
3 0 ' Measured temperature (°C)
2 0 = (MEAS_ADC_THERM_DATA[7:0] x 1.28°C)-29°C
1 0
0 0
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Measurement ADC PVDD Channel

When the device is clocked, active (EN = 1), and the
speaker amplifier is enabled (SPK_EN = 1), the measure-
ment ADC PVDD channel can be enabled. The PVDD
channel is manually enabled by setting the MEAS_ADC _
PVDD_EN bit to 1 (Measurement ADC PVDD Channel
Enable) and is automatically enabled if the DHT or BDE
are enabled. When the channel is enabled, it continuously
measures and reports the PVDD supply voltage level over
the range of 5.35V to 16.15V.

Digital Input Class D Speaker Amplifier with DHT

The output of the measurement ADC PVDD channel can
be readback through the MEAS_ADC_PVDD_DATA bit
field (Measurement ADC PVDD Channel Readback) and
is routed to the DHT and BDE. The PVDD channel also
provides an optional lowpass IIR filter with a program-
mable bandwidth that scales relative to the measure-
ment ADC sample rate. The filter is enabled with the
MEAS_ADC_PVDD_FILT_EN bit and the bandwidth is
set with the MEAS_ADC_PVDD_FILT_COEFF bit field
(Measurement ADC PVDD Channel Filter Configuration).

Measurement ADC Thermal Channel Filter Configuration

REGISTER ADDRESS = 0x2053
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED o " | Returns 0 if read.
Measurement ADC Thermal Channel Filter Enable
4 0 MEAS_ADC_TEMP_ RW-S EN Controls whether filtering is applied to the thermal channel output.
FILT_EN 0 = Filter is bypassed
1 = Filter is applied
Unused
RESERVED o " | Returns 0 if read.
Measurement ADC Thermal Channel Filter Configuration
1 0 Sets the thermal channel IIR lowpass filter bandwidth relative to the
measurement ADC sample rate.
MEASUREMENT ADC CHANNEL SAMPLE RATE
MEAS_ADC_TEMP_ RW-S | EN SETTING
FILT_COEFF[1:0] 48kHz 64kHz 192kHz 333kHz
0 0 00 0.24kHz 0.33kHz 1.0kHz 1.7kHz
01 0.49kHz 0.66kHz 2.0kHz 3.4kHz
10 0.75kHz 1.0kHz 3.0kHz 5.2kHz
11 1.0kHz 1.4kHz 4.1kHz 7.0kHz
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Measurement ADC PVDD Channel Readback

REGISTER ADDRESS = 0x2054
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0 Measurement ADC PVDD Channel Result
4 0 MEAS_ADC_PVDD_ Provides the measurec.i PYDD value. To convert the 8-bit code into a real
DATA[7:0] R — voltage, use the following:
3 0 ’ Measured Vpypp (V) =
2 0 (MEAS_ADC_PVDD_DATA[7:0]—32) x 0.075V
1 0
0 0

Measurement ADC PVDD Channel Filter Configuration
REGISTER ADDRESS = 0x2052

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED - " | Returns 0 if read.
Measurement ADC PVDD Channel Filter Enable
4 0 MEAS_ADC_ RW-S EN Controls whether filtering is applied to the PVDD channel output

PVDD_FILT EN 0 = Filter is bypassed
1 = Filter is applied

Unused
Returns 0 if read.

RESERVED — —

Measurement ADC PVDD Channel Filter Configuration
1 0 Sets the PVDD channel IIR lowpass filter bandwidth relative to the
measurement ADC sample rate.

MEASUREMENT ADC CHANNEL SAMPLE RATE

SETTING
MEAS_ADC PVDD | o\ o | EN 48kHz 64kHz 192kHz 333kHz
_FILT_COEFF[1:0]
o | o 00 0.24kHz 0.33kHz 1.0kHz 1.7kHz
01 0.49KHz 0.66kHz 2.0kHz 3.4kHz
10 0.75kHz 1.0kHz 3.0kHz 5.2kHz
1 1.0kHz 1.4kHz 4.1KHz 7.0kHz
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Measurement ADC PVDD Channel Enable
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REGISTER ADDRESS = 0x2056
BIT NAME TYPE | RES

BIT | PoR

DESCRIPTION

RESERVED

= IN|wWw|(hjlO|O|N
O|l0O|l0O|l0O|lO0O|O|O
I
I

Unused
Returns 0 if read.

MEAS_ADC_PVDD_EN | RW-D | —

Measurement ADC PVDD Channel Enable

Manually enables the measurement ADC PVDD channel.
0 = PVDD channel disabled

1 = PVDD channel enabled

Clock Monitor

The device provides an optional clock monitor that is
enabled by setting CMON_EN (Device Auto-Restart
Configuration) to 1. When enabled, the block monitors
the active clock source (BCLK in 12C control/PCM inter-
face mode and SWCLK in SoundWire control mode) and
automatically places the device into shutdown if a clock
source error is detected. This prevents unwanted signals
from reaching the speaker path output during a fault con-
dition.

The clock monitor detects a clock source error if the
monitored clock source (BCLK or SWCLK) stops high
or low for more than 60us (typ). The timeout of the clock
monitor is determined by an internal oscillator, which has
a typical variability of £10% over the devices operating
temperature range.

The clock monitor can be programmed to respond to the
loss and reapplication of the clock source in two ways.
When the CMON_AUTORESTART_EN bit (Device Auto-
Restart Configuration) is set to 0 and a clock source error
is detected, the clock monitor generates an interrupt
(CLKSTOP_*) and places the device into software shut-
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down by setting EN to 0. When a valid clock is reapplied,
the clock monitor generates an interrupt (CLKSTART _*);
however, the device remains in software shutdown until
the host sets EN to 1.

When the CMON_AUTORESTART_EN bit is set to 1 and
a clock source error is detected, the clock monitor gener-
ates an interrupt (CLKSTOP_*) and places the device
into shutdown internally. When a valid clock is reapplied,
the clock monitor generates an interrupt (CLKSTART_¥)
and the device automatically exits shutdown. The value
of EN is not changed in auto restart mode, and remains
1 throughout the process. As a result, when auto restart
is enabled, the device does not go through the full power-
down/up sequence, and audible glitches may occur.

Clock Monitor in SoundWire Control Mode

If the SoundWire master uses ClockStop events, then
the clock monitor should be disabled in SoundWire con-
trol mode. In this case, to prevent audible glitches, the
SoundWire master should instead place the device into
software shutdown directly prior to initiating a ClockStop
event.
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Device Auto-Restart Configuration
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REGISTER ADDRESS = 0x20FE DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED T " | Returns 0 if read.
4 0
Speaker Amplifier Overcurrent Automatic Restart Enable
Controls whether or not the speaker amplifier automatically re-enables
3 0 OvVC_ RW-S EN | after an overcurrent fault condition
AUTORESTART_EN . )
- 0 = Overcurrent recovery is in manual mode
1 = Overcurrent recovery is in auto mode
Thermal Shutdown Automatic Restart Enable
Controls whether or not the device automatically resumes playback
THERM )
2 0 = RW-S EN | when the die temperature recovers from thermal shutdown.
AUTORESTART_EN o
- 0 = Thermal shutdown recovery is in manual mode
1 = Thermal shutdown recovery is in auto mode
Clock Monitor Automatic Restart Enable
Controls whether or not the device automatically resumes playback
1 0 CMON_ RW-S EN | when the clock returns after stoppin
AUTORESTART_EN . >*OPPING. . . .
- 0 = Device does not automatically restart when a valid clock is reapplied
1 = Device automatically restarts when a valid clock is reapplied
Clock Monitor Enable
0 0 CMON_EN RW-S EN Enable the clock monitor.

0 = Clock monitor disabled
1 = Clock monitor enabled
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Dynamic Headroom Tracking (DHT)

The device features DHT to preserve consistent dynamic
range in the presence of a varying supply. DHT maintains
consistent volume and listening levels up to a program-
mable threshold below full scale (referred to as the rota-
tion point or RP). DHT maintains the headroom of the
amplifier at signal peaks that occur above the rotation
point up to full scale to ensure consistent, smooth com-
pression in the presence of supply variations.

DHT is enabled with the DHT_EN bit (DHT Enable).
When DHT is enabled, the measurement ADC PVDD
channel is automatically enabled and routed to the DHT
block. The conversion results are used to calculate the
amount of compression (if any) that is applied to signal
peaks above the configured rotation point.

The DHT functionality is configured by several key
parameters. The first is the speaker path full-scale
gain maximum setting (SPK_GAIN_MAX, Speaker Path
Output Level Scaling). This sets the no-load maximum
peak output-voltage level (Vppo) that the Class D ampli-
fier reproduces with a full-scale (0dBFS) input signal.
This level is compared to the current Vpypp level to
determine what the available headroom is. The second
parameter is the DHT voltage rotation point (VRrp). The
rotation point is selected with the DHT_VROT_PNT bit
(DHT Configuration) and sets the level in dBFS above

which compression is applied to the output signal (when
the VPVDD voltage level drops below V\po). Finally,
DHT uses the gain minimum parameter (DHT_SPK_
GAIN_MIN, DHT Configuration) to control the maximum
compression ratio (VyN). This parameter enables a
second inflection point on the transfer function when the
current Vpypp level is below the VN setting. In this
case, the compression ratio does not increase any fur-
ther and signals above the currently available headroom
clips instead. Note that if the limiter block is enabled with
DHT active, the output-voltage level is limited anytime the
input signal to the limiter block exceeds the configured
limiter threshold regardless of the DHT configuration and
operating point.

DHT Modes of Operation

The DHT has three general modes of operation. The
mode of operation depends on the Vpypp level relative to
the no-load maximum peak output-voltage level (Vmpo)
and the selected rotation point (VRp).

MODE 1: Vpypp is greater than Vypo

If VpypD is greater than V\ypo, then there is no action
taken by the DHT block. There is sufficient headroom
for the amplifier to linearly represent any signal up to
and including 0dBFS; the signal transfer function is unaf-
fected.

___________________________ VevoD > Viteo.
VMPO
VRP
o
=
g CONFIGURED
i ROTATION POINT
L
(O]
<<
5
[}
=
a
=}
o
=
2
o
'
INPUT SIGNAL LEVEL (dBFS) 6 0

Figure 25. Example of DHT in Mode 1 Operation
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MODE 2: Vpypp is less than Viypo

and greater than VRp

DHT operates in mode 2 when Vpypp drops below Vypo
but remains above the rotation point (Vrp). The transfer
function for signals below VRp is exactly as in mode 1.
However, signal levels between VRrp and full scale (0dBFS)
are now subject to the calculated compression ratio.

The compression ratios in mode 2 are calculated from the
combination of the current Vpypp level, the rotation point
(Vrp), the SPK_GAIN_MAX (Vmpo), and DHT_SPK_
GAIN_MIN (VpmN) settings. DHT then applies the calculat-
ed ratio for peaks over Vrp at the programmed attack and
release rates (see the DHT Ballistics section). Figure 26
and Figure 27 illustrate the mode 2 transfer function.

Digital Input Class D Speaker Amplifier with DHT

MODE 3a: Vpypp is less than VRp

and greater than VN

When the rotation point (VRp) is set to a higher value
than the current Vpypp level, but Vpypp still exceeds the
configured VN DHT operates in mode 3a. If Vpypp is
less than VRp, then the effective rotation point must now
be set by the current Vpypp level. The device automati-
cally determines this new rotation point and hard limiting
(clipping) is applied to signal peaks exceeding it.

The rotation point (VRrp) should be selected so that this
mode is never used. The rotation point typically should be
set to reflect the lowest Vpypp level expected.

PEAK OUTPUT
SCALED TO FIT
AVAILABLE

THE COMPRESSION
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Figure 26. Example of DHT in Mode 2 Operation with Vgp = VN
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Figure 27. Example of DHT in Mode 2 Operation with Vgp < VN
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Figure 28. Example of DHT in Mode 3a Operation (Limiter Disabled)
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MODE 3b: Vpypp is less than ViyN

and greater than VRp

This mode can only occur if the rotation point (VRrp) is
set lower than ViyN. In this configuration, if Vpypp is
less than VN, the DHT cannot compress the signal any
further. As Vpypp decreases below VN, the compres-
sion ratio stays fixed and the output signal starts to clip
(Figure 29). This clipping can be eliminated if the limiter is
enabled in addition to the DHT (Figure 30).

Digital Input Class D Speaker Amplifier with DHT

The transfer function shown in Figure 30 is typically
preferable to the transfer function shown in Figure 29.
When the DHT and the limiter are used together, it allows
for the creation of a second inflection point on the transfer
function. This second inflection point reduces the tran-
sition from compression to limiting and minimizes the
audible impact of signal manipulation by the DHT.
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Figure 29. Example of DHT in Mode 3b Operation (Limiter Disabled)
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Figure 30. Example of Dynamic Headroom Tracking in Mode 3b Operation (Limiter Enabled)

DHT Enable
REGISTER ADDRESS = 0x20D4
—— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0
Unused
4 0 RESERVED - | Returns 0 if read.
3 0
2 0
1 0
DHT Enable Control
Select whether DHT is enabled or disabled.
0|0 DHT_EN RW-S | EN 1 o = pHT s disabled
1 =DHT is enabled
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DHT Configuration
REGISTER ADDRESS = 0x20D1
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0 DHT Speaker Gain Minimum
Sets the speaker gain minimum (VMIN). Values in dB are relative to the
baseline speaker path DAC full-scale output level of 3.68dBV.
6 0 0000: 5.43VP (8dB) 0110: 10.83VP (14dB)
DHT_SPK_ RW.s | En | 0001:6.09VP (9dB) 0111: 12.15VP (15dB)
GAIN_MIN[3:0] 0010: 6.83VP (10dB) 1000: 13.63VP (16dB)
5 0 0011: 7.66VP (11dB) 1001: 15.29VP (17dB)
0100: 8.60VP (12dB) 1010 -1111: Reserved
410 0101: 9.65VP (13dB)
3 0 DHT Rotation Point
Sets the DHT rotation point.
0000: -0.5dBFS 1000: -10dBFS
2 0 0001: -1dBFS 1001: -12dBFS
) 0010: -2dBFS 1010: -15dBFS
DHT_VROT_PNT[3:0] | RW-S EN 0011: -3dBFS 1011: -18dBFS
1 0 0100: -4dBFS 1100: -20dBFS
0101: -5dBFS 1101: -22dBFS
0110: -6dBFS 1110: -25dBFS
0| 1 0111: -8dBFS 1111: -30dBFS
DHT Ballistics (dBFS). Once V|N (dBFS) is greater than Vpypp (dBFS),

When an input signal exceeds the rotation point (VRrp),
DHT compression activates and attenuates the signal at
the programmed attack rate. The DHT attack rate and step
size are both configurable (DHT Atftack Rate Settings).

The instant that a large signal is input to the device, the
output tries to reproduce that signal without any attenu-
ation from the DHT. Over the total attack time, the DHT
applies compression to ensure that the signal fits within
the available PVDD voltage. However, if a large enough
input signal is applied suddenly, there can be hard clip-
ping on the output for a short time. However, after the full
attack time has completed, there should be no clipping if
sufficient headroom is available. In cases with insufficient
headroom, after the attack time has completed, clipping
can be prevented by using the limiter with the DHT (see
the Limiter section).

Observing the output waveform, the amount of attenua-
tion applied increases up to when V)N (dBFS) = Vpypp

www.maximintegrated.com

the amount of attenuation observed in the output wave-
form appears to decrease. This is a result of the output
clipping against the PVDD voltage level. In this case,
DHT still takes the same amount of time to apply the full
compression as though it had the headroom to reproduce
the signal.

When compression is active and the input signal falls
back down below the rotation point (Vrp), DHT releases
the applied attenuation at the configured release rate. The
DHT release rate and release step size are both configu-
rable (DHT Release Rate Settings).

When a change in PVDD level triggers the compression
algorithm in the DHT block, it has a typical delay of 30us
(until attack or release begins); however, the maximum
total latency can approach 60us. This is caused by a
combination of the measurement ADC latency, DSP com-
pute time, and clock edge alignment. If a change in audio
amplitude is the trigger, the total delay time is approxi-
mately 600ps.
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DHT Headroom Calculation

To establish where Vpypp is relative to Vppo, use the
following equation:

Equation 1:
PVDD (dB) = 20 log(VpvDD/VMPO)

VpypD is the voltage readback from the measurement
ADC PVDD channel, and Vpo is the maximum peak out-
put voltage. For example, if Vpypp = 13.63V and Vypo
= 13.63V (default), then PVDD (dB) = 0dB (the maximum
value for PVDD (dB)). If solving Equation 1 returns a value
greater than 0dB, then 0dB should be used for further cal-
culations. This is important as the DHT only ever applies
attenuation and never applies positive gain.

For example, if Vpypp = 9.65V and Vppo = 13.63V
(default), then solving Equation 1 yields approximately
-3dB. This is the Vpypp level relative to Vypo in dB.

To find the expected compressed output voltage, use the
following equation:

Equation 2:

ATTENUATION (dB) = PVDD (dB) — INPUT (dBFS) x
(PVDD (dB)/RP (dBFS))

Digital Input Class D Speaker Amplifier with DHT

When PVDD (dB) = 0, the PVDD (dB) and the fraction
term drop out, which gives attenuation equal to zero.
This makes sense because when PVDD (dB) = 0 there is
sufficient headroom to playback any signal input into the
device and no compression is needed.

As before, assume PVDD (dB) = -3dBFS. Now, if the
rotation point (VRrp) is set to -10dBFS and the input signal
level is set to -5dBFS, equation 2 can be used to find the
output signal attenuation:

ATTENUATION (dB) = PVDD (dB) — INPUT (dBFS) x
(PVDD (dB)/RP (dBFS))

ATTENUATION (dB) = -3dB — (-5dBFS x -3dB/-10dBFS)
ATTENUATION (dB) = -1.5dB

For this example, the total amount of compression applied

by DHT is 1.5dB. The output signal level can be found by

summing the input signal level to the calculated output
attenuation.

OUTPUT (dBFS) = INPUT (dBFS) + ATTENUATION
(dB) = -6.5dBFS

A a8
g
v >
MPO o VpvDD = 13.63V
)
i
@ -3dB = PVDD (dB)
L
(=)
-------------------------------- L duininininindy VpvpD = 9.65V
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Figure 31. DHT Attack Functionality
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DHT Attack Rate Settings

Digital Input Class D Speaker Amplifier with DHT

REGISTER ADDRESS = 0x20D2

BIT

PoR

BIT NAME

TYPE

RES

DESCRIPTION

RESERVED

Unused
Returns 0 if read.

DHT_ATK_STEP[1:0]

RW-S

EN

DHT Attack Step Size

Sets the DHT compressor attack step size.
00: 0.25dB

01: 0.5dB

10: 1.0dB

11: 2.0dB

DHT_ATK_RATE[2:0]

RW-S

EN

DHT Attack Rate

Sets the DHT compressor attack rate.
000: 17.5us/step

001: 35us/step

010: 70ps/step

011: 140pus/step

100: 280ps/step

101: 560us/step

110: 1120us/step

111: 2240us/step

DHT Release Rate Settings

REGISTER ADDRESS = 0x20D3

BIT

PoR

BIT NAME

TYPE

RES

DESCRIPTION

0

0

0

RESERVED

Unused
Returns 0 if read.

DHT_RLS_STEP[1:0]

RW-S

EN

DHT Release Step Size

Sets the DHT compressor release step size.
00: 0.25dB

01: 0.5dB

10: 1.0dB

11: 2.0dB

DHT_RLS_RATE[2:0]

RW-S

EN

DHT Release Rate

Sets the DHT compressor release rate.
000: 45ms/step

001: 225ms/step

010: 450ms/step

011: 1150ms/step

100: 2250ms/step

101: 3100ms/step

110: 4500ms/step

111: 6750ms/step
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Limiter

The device features a programmable limiter that is used
to compress large near full-scale signals. The limiter func-
tions both during normal operation (BDE disabled or inac-
tive) and in conjunction with the BDE level configurations.

In normal operation with the BDE controller disabled
(BDE_EN = 0, Brownout Detection Engine Enable) or
inactive (BDE_EN = 1 and BDE_STATE = 0, Brownout
Detection Engine Current State), the limiter is enabled
when the LIM_EN bit (Limiter Enable) is set to 1. The limiter
threshold is manually programmed with the LIM_THRESH
bit field, (Limiter Threshold Configuration) and can be con-
figured from OdBFS to -15dBFS in 1 dB steps.

Digital Input Class D Speaker Amplifier with DHT

When the BDE is both enabled (BDE_EN = 1) and active
(BDE_STATE > 0) the LIM_EN, LIM_THRESH_SEL,
and LIM_THRESH settings are ignored. In this state, the
limiter threshold is determined solely by the current BDE
level. Each BDE level has an individually configured lim-
iter threshold setting (set by BDE_Ln_LIM).

The limiter attack and release rates are programmable
using the LIM_ATK_RATE and LIM_RLS_RATE bit
fields respectively (Limiter Attack and Release Rate
Configuration). Attenuation is applied when the output
signal is higher than the current limiter threshold, and is
released once the output signal returns to a level below
that threshold. The configured limiter attack and release
rates apply to all limiter operating modes.

SPK_GAIN_MAX = 17dB

SPK_GAIN_MAX = 15dB

SPK_GAIN_MAX = 13dB

OUTPUT SIGNAL (dB)

A LIMITER KNEE = -6dBFS

PEAK OUTPUT LIMITED

TO VmPO-LIMITER
THRESHOLD SETTING

(VpvDD 2 VMPO)

INPUT SIGNAL (dBFS) -12

|
|
!
!
I
|
|
|
|
I
|
|
|
|
|
I
|
I
|
|
I
|
6

Figure 32. Example of Limiter Operation with the BDE Inactive
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Limiter Enable

REGISTER ADDRESS = 0x20E2
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

= IN|w|(hjlO|O|N
o|lo|o|lo|lo|Oo|O

Unused
RESERVED _ "~ | Returns 0 if read.
Limiter Enable Control
0 0 LIM_EN RW-S EN Selects whether or not the limiter is enabled when the BDE is inactive.

0 = Limiter is disabled when the BDE is inactive
1 = Limiter is enabled when the BDE is inactive

Limiter Threshold Configuration

REGISTER ADDRESS = 0x20E0
—— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES

Unused
! 0 RESERVED o " | Returns 0 if read.
6 0 Limiter Threshold Setting

Selects the limiter threshold setting (dBFS below Vpo).
5 0 00000: 0dBFS

00001: -1dBFS
4 0 LIM_THRESH][4:0] RW-S | EN | 00010: -2dBFS

(-1dBFS steps)

3 0 01110: -14dBFS

01111: -15dBFS
2 0 10000 to 11111: Reserved

Unused
0 0 RESERVED o " | Returns 0 if read.

Unused
0 0 RESERVED o " | Returns 0 if read.
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Limiter Attack and Release Rate Configuration

REGISTER ADDRESS = 0x20E1
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

Limiter Attack Rate
7 0 Selects the attack rate for the limiter.
0000 = 10us/dB
0001 = 20us/dB
0010 = 40us/dB
0011 = 80ps/dB

6 0 0100 = 160us/dB
0101 = 320us/dB
0110 = 640ps/dB
0111 = 1.28ms/dB
1000 = 2.56ms/dB

5 0 1001 = 5.12ms/dB
1010 = 10.24ms/dB
1011 = 20.48ms/dB
1100 = 40.96ms/dB
1101 = 81.92ms/dB
410 1110 = 163.84ms/dB
1111 = 327.68ms/dB

LIM_ATK_RATE[3:0] | RW-S | EN

Limiter Release Rate
3 0 Selects the release rate for the limiter.
0000 = 40us/dB

0001 = 80us/dB
0010 = 160us/dB
0011 = 320us/dB

2 0 0100 = 640us/dB
0101 = 1.28ms/dB
0110 = 2.56ms/dB
0111 = 5.12ms/dB
1000 = 10.24ms/dB

1 0 1001 = 20.48ms/dB
1010 = 40.96ms/dB
1011 = 81.92ms/dB
1100 = 163.84ms/dB
1101 = 327.68ms/dB
0 0 1110 = 655.36ms/dB
1111 = 1310.72ms/dB

LIM_RLS_RATE[3:0] | RW-S | EN
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Brownout-Detection Engine (BDE)

The BDE allows the device to reduce its contribution to
the overall system power consumption as Vpypp drops.
The BDE can be enabled at any time by setting the
BDE_EN bit high (BDE Enable). However, the BDE must
not be disabled when it is active (in critical supply levels
1 through 4). The BDE can be disabled safely at any time
that it is inactive (see Table 17).

The input to the BDE controller comes from the mea-
surement ADC PVDD channel. If the measurement ADC
PVDD channel is not already active, enabling the BDE
automatically enables it. The sample rate and filter set-
tings for the measurement ADC determine the speed at
which the BDE updates.

Digital Input Class D Speaker Amplifier with DHT

BDE State Controller and Level Thresholds

There are a total of four BDE critical battery levels each
with individually programmable thresholds. The thresholds
for each level are configured with the BDE_L1_VTHRESH
to BDE_L4 VTHRESH bit fields respectively. The BDE
state controller monitors the measurement ADC PVDD
channel results and automatically makes state changes.

As the BDE controller progresses to higher BDE levels
(e.g., from Level 2 to Level 3), transitions between states
happens instantly. However, when the brownout control-
ler progresses back to lower levels (e.g., from Level 2
to Level 1), transition thresholds include programmable
hysteresis and are subject to the programmable BDE hold
time. The current BDE state can be read-back at any time
from the BDE_STATE bit field (BDE Current State).

PVDD RESULT FROM :

.........................

5 MEASUREMENT ADC I CONTROLLER

[
=
3
m
A
Y

REDUCTION o

SPEAKER DSP DATA PATH

......................................................................

Figure 33. BDE Block Diagram

Table 17. BDE Operating Levels

CURRENT STATE

Vpypp SUPPLY OPERATING RANGE

BDE Inactive (Level 0)

Vpypp > Critical Battery Level 1

Critical Supply Level 1

Critical Battery Level 1 + Hysteresis = Vpypp > Critical Battery Level 2

Critical Supply Level 2

Critical Battery Level 2 + Hysteresis = Vpypp > Critical Battery Level 3

Critical Supply Level 3

Critical Battery Level 3 + Hysteresis = Vpypp > Critical Battery Level 4

Critical Supply Level 4

Critical Battery Level 4 + Hysteresis = Vpypp
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The programmable hold time and threshold hysteresis
behaves as follows (consider BDE inactive as level 0):

e Inlevel N, transition to level N+1 when Vpypp falls
to less than or equal to the level N+1 threshold.

e In level N, transition to level N-1 when Vpypp rises
and remains above the level N threshold + hysteresis
for the configured BDE hold time.

The Vpypp hysteresis is programmed with the BDE_
VTHRESH_HYST bit field (BDE Level Threshold
Hysteresis) and can be set to be larger than the distance
between two levels. Regardless, the BDE state only
transitions one level at a time. As a note of caution, it is
possible to program the level of hysteresis so that it is
not possible to return to the lower BDE levels (even at a
normal PVDD voltage level).

Digital Input Class D Speaker Amplifier with DHT

The BDE hold time applies to all ascending BDE level
transitions and is configured with the BDE_HLD bit field
(BDE Level Hold Time). In addition, BDE Level 4 pro-
vides an infinite hold option that is enabled by setting
the BDE_L4_INF_HLD bit to 1 (BDE Level 4 Clipper and
State Configuration). When infinite hold is enabled, once
level 4 becomes the active state, the BDE controller will
not transition to a lower level even if the battery voltage
level rises above the level 4 threshold (including hyster-
esis). While in infinite hold, the BDE controller cannot exit
level 4 until the BDE_L4_HLD_RLS bit field (BDE Level 4
Infinite Hold Clear) is written with a logic high or the 12C
registers are reset to their PoR states.

The BDE controller makes states transition as shown in
Figure 34.

1
[} [}
| BDE PROTECTION |
" INACTIVE (LEVEL 0) "
} }
Vpvop > (THRESHOLD 1
Vevoo S THRESHOLD 1 | * f I
| | +HYSTERESIS)
: | LEVEL 1 | :
< | 1 Vevoo > (THRESHOLD 2
Vevoo S THRESHOLD 2 | * f | L ENTERESIS)
C LEVEL 2 | |
[} [}
Vevoo < THRESHOLD 3 | * ? | Vo> (HRESHOLDS
} }
I | LEVEL 3 | I
} }
Vevop > (THRESHOLD 4
Vv  THRESHOLD 4 | * f | eTERESIS)
! LEVEL 4 !
: OPTIONAL INFINITE HOLD / MUTE :
} }
J

Figure 34. BDE Level State Transitions

www.maximintegrated.com

Maxim Integrated | 100



MAX98374

BDE Level Configuration Options

For a given BDE level, the following options are configu-
rable to reduce the overall device current draw:

e Programmable Speaker Amplifier Path Gain
e Programmable Speaker Amplifier Signal Limiter Knee
e Programmable Speaker Amplifier Clipping Limit

Each of these configuration options are individually
configurable for each BDE level. In addition, level 4
also includes an optional digital mute. The BDE level 4
digital mute is a protection feature, and if enabled, mute
engages rapidly (without regard to attack time settings)
upon entering level 4. When exiting level 4, the digital
mute releases according to the configured gain reduction
release rate (BDE Gain Reduction Attack/Release Rates).

Table 18 is provided as an example case (at the global
conditions) as opposed to a definitive use case. The illus-

Table 18. Example of BDE Settings

Digital Input Class D Speaker Amplifier with DHT

trative case assumes that the BDE is active, but the DHT
block is disabled.

BDE Gain Reduction

The gain reduction block applies smooth digital gain
changes to the signal path. The gain reduction is pro-
grammable from 0dB to -15dB of attenuation in 0.25dB
steps and can be selected individually by BDE level using
the BDE_Ln_GAIN bit fields.

The attack rate is programmable to either be instan-
taneous (no ramp) or over a range from 10us/dB to
163.84ms/dB using the BDE_GAIN_ATK bit field (BDE
Gain Reduction Attack/Release Rates). The release
rate is also programmable over a range from 40us/dB to
1310.73ms/dB using the BDE_GAIN_RLS bit field (BDE
Gain Reduction Attack/Release Rates). The selected
attack and release rate is common to all BDE levels.

LEVEL NUMBER Vpypp THRESHOLD LIMITER KNEE GAIN REDUCTION CLIPPER LEVEL
BDE Inactive N/A 0dBFS 0dBFS 0dBFS
BDE Level 1 8.100V -6dBFS 0dBFS 0dBFS
BDE Level 2 7.200V -7dBFS 0dBFS 0dBFS
BDE Level 3 6.300V -9dBFS -3dBFS -9dBFS
BDE Level 4 5.475V N/A Mute N/A

OUTPUT SIGNAL (dBFS)

GAIN REDUCTION = -6dB

INPUT SIGNAL (dBFS)

'
sSl----—--—=-—=

ob———

Figure 35. Gain Reduction Profile Example with -6dB Setting
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BDE Limiter Function

When the BDE is enabled (BDE_EN = 1) and active
(BDE_STATE > 0), the limiter ignores the LIM_EN
and LIM_THRESH settings (Limiter Enable and Limiter
Threshold Configuration). In this state, the limiter knee
threshold is determined solely by the current BDE level.
Each BDE level has an individually configured limiter
threshold (set by BDE_Ln_LIM) that is programmable
from OdBFS and -15dBFS in 1dB steps.

Input signals that exceed the limiter knee threshold are
attenuated, while input signals below the threshold are
not. The attack and release rates are programmable, and
all BDE levels use the same settings (Limiter Attack and
Release Rate Configuration).

BDE Clipper Function

The BDE clipper limits the maximum digital output codes
to a programmable value. The clipper level range is from
0dBFS to -15dBFS in 0.25dB steps and is configured by
level using the BDE_Ln_CLIP bit fields. The BDE clipper
level threshold is applied based on the current-signal
level relative to full scale at the input to the clipper block.

Digital Input Class D Speaker Amplifier with DHT

Therefore, signal gain/level adjustments from blocks pre-
ceding the clipper block impacts the configured clipper
level threshold (Figure 22).

An example of this is the speaker path maximum peak
output-voltage scaling configuration (SPK_GAIN_MAX,
Speaker Path Output Level Scaling). This control uses
a combination of digital and analog gain (Table 16).
However, the BDE clipper block is positioned between the
digital gain and the analog gain blocks in the signal path.
Since the digital gain portion of the selected peak output-
voltage setting is located before the clipper block, its set-
ting can impact the clipper threshold level. Therefore, it
should be accounted for when choosing the clipper level
threshold.

The BDE clipper changes can be configured with the
BDE_CLIP_MODE bit (BDE Clipper Mode) to either be
applied to the signal path either immediately or to wait
until after a zero cross event. If the signal is DC (or simi-
lar) and a zero cross events never occur, then the clipper
must be configured to make changes immediately.

N
)

OUTPUT SIGNAL (dBFS)

A LIMITER KNEE = -6dBFS

INPUT SIGNAL (dBFS)

'
sSl----—-——- - 4" """ """ “"“«-«“--—-=
ol-———m——

-12

Figure 36. Limiter Profile Example with -6dBFS Knee Level
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0dBFS — — — —

-6dBFS —

ZERO CROSS

CLIP LEVEL OFF -6dBFS

Figure 37. Clipper Example with -6dBFS Threshold

BDE Current State

REGISTER ADDRESS = 0x20B6
—— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED - | Returns 0 if read.
4 0
3 0 BDE Controller Current State
Current level of the BDE controller.
0000 = BDE is either disabled or inactive
2 0 0001 to 0100 = Reserved
BDE_STATE[3:0] R — 0101 = Level 1
1 0 0110 = Level 2
0111 = Level 3
1000 = Level 4
0 0 1001 to 1111 = Reserved
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BDE Level Hold Time

Digital Input Class D Speaker Amplifier with DHT

REGISTER ADDRESS = 0x2090
— DESCRIPTION
BIT | PoR | BIT NAME TYPE | RES
7 0 )
BDE Level Hold Time
6 0 Sets the hold time for each ascending state in the BDE controller.
5 0 0x00 =0 ms
4 0 0x01=1ms
BDE_HLD[7:0] RW-R | BDE | 0x02 =2 ms
3 0 ... = (1 ms steps)
2 0 OxFD =253 ms
1 0 OXFE = 254 ms
OxFF =255 ms
0 0
BDE Enable
REGISTER ADDRESS = 0x20B5
—T DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0
Unused
4 0 RESERVED o " | Returns 0 if read.
3 0
2 0
1 0
BDE Controller Enable
Enables and disables the BDE controller. Do not disable the BDE
0 0 BDE_EN RW-D — controller when it is actively protecting the system (in levels 1 to 4).
0 = BDE controller disabled
1 = BDE controller enabled
BDE Level 1 Threshold
REGISTER ADDRESS = 0x2097
. DESCRIPTION
BIT | PoR | BIT NAME TYPE | RES
7 0
6 0 BDE Level 1 Threshold Setting
5 0 Sets the VPVDD threshold for BDE Level 1. The threshold voltage is
calculated with the following formula:
4 0
3 0 BDE_L1_VTHRESH[7:0] | RW-R | BDE Vpypp Threshold = (BDE_L1_VTHRESH][7:0] - 32) x 0.075V
2 0 A value of 0x00 (all zeros) means this level is not used and is entirely
1 0 bypassed (no hold times).
0 0

www.maximintegrated.com
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BDE Level 2 Threshold

Digital Input Class D Speaker Amplifier with DHT

REGISTER ADDRESS = 0x2098

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 BDE Level 2 Threshold Setting
5 0 Sets the V,,, , threshold for BDE Level 2. The threshold voltage is
4 0 calculated with the following formula:
3 0 BDE_L2_VTHRESH[7:0] | RW-R | BDE Vpypp threshold = (BDE_L2_VTHRESH][7:0] - 32) x 0.075V
2 0 A value of 0x00 (all zeros) means this level is not used and is entirely
1 0 bypassed (no hold times).
0 0
BDE Level 3 Threshold
REGISTER ADDRESS = 0x2099
I — DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
BDE Level 3 Threshold Setting
Sets the VPVDD threshold for BDE Level 3. The threshold voltage is
calculated with the following formula:
BDE_L3_VTHRESH[7:0] | RW-R | BDE

Of=[N|W|IdMlO|O |V
olo|o|j|o|lo|lo|o|oO

Vpypp threshold = (BDE_L3_VTHRESH][7:0] - 32) x 0.075V

A value of 0x00 (all zeros) means this level is not used and is entirely
bypassed (no hold times).

www.maximintegrated.com
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BDE Level 4 Threshold
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REGISTER ADDRESS = 0x209A
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 BDE Level 4 Threshold Setting
5 0 Sets the Vpypp threshold for BDE level 4. The threshold voltage is
4 0 calculated with the following formula:
BDE_L4_VTHRESH[7:0] | RW-R | BDE
3 0 Vpypp threshold = (BDE_L4_VTHRESH][7:0] - 32) x 0.075V
2
0 A value of 0x00 (all zeros) means this level is not used and is entirely
1 0 bypassed (no hold times).
0 0

BDE Level Threshold Hysteresis

REGISTER ADDRESS = 0x209B
S B DESCRIPTION
BIT | PoR | BIT NAME TYPE | RES
7 0
6 0 BDE Threshold Hysteresis
5 0 Sets the BDE level threshold hysteresis for increasing Vpypp.
00000000 = No hysteresis
4 0 BDE_VTHRESH_ RW-R | BDE 00000001 = 1 LSB of hysteresis
3 0 HYST[7:0] 00000010 = 2 LSBs of hysteresis
5 0 ... = (1 LSB steps)
11111110 = 254 LSBs of hysteresis
1 0 11111111 = 255 LSBs of hysteresis
0 0

www.maximintegrated.com
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BDE Gain Reduction Attack/Release Rates

REGISTER ADDRESS = 0x2091
BIT | PoR | BIT NAME TYPE | RES

DESCRIPTION

BDE Gain Reduction Attack Rate Control

7 0 Selects the attack rate for BDE gain reduction.
0000 = Instantaneous (step change, no ramp)
0001 = 10ps/dB

0010 = 20ps/dB

0011 = 40ps/dB

6 0 0100 = 80us/dB

0101 = 160us/dB

0110 = 320us/dB

0111 = 640ps/dB

1000 = 1.28ms/dB

5 0 1001 = 2.56ms/dB

1010 = 5.12ms/dB

1011 = 10.24ms/dB

1100 = 20.48ms/dB

1101 = 40.96ms/dB

4 0 1110 = 81.92ms/dB

1111 = 163.84ms/dB

BDE_GAIN_ATK[3:0] | RW-R | SFB

BDE Gain Reduction Release Rate Control
3 0 Selects the release rate for BDE gain reduction.
0000 = 40us/dB

0001 = 80us/dB

0010 = 160us/dB

0011 = 320us/dB

2 0 0100 = 640us/dB

0101 = 1.28ms/dB

0110 = 2.56ms/dB

0111 = 5.12ms/dB

1000 = 10.24ms/dB

1 0 1001 = 20.48ms/dB

1010 = 40.96ms/dB

1011 = 81.92ms/dB

1100 = 163.84ms/dB

1101 = 327.68ms/dB

0 0 1110 = 655.36ms/dB

1111 = 1310.72ms/dB

BDE_GAIN_RLS[3:0] | RW-R | SFB
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BDE Clipper Mode
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REGISTER ADDRESS = 0x2092

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0
5 0
Unused
4 0 RESERVED o " | Returns 0 if read.
3 0
2 0
1 0
BDE Clipper Level Change Mode
0 0 BDE_CLIP_MODE RW-R | SFB Contrc?ls when the BDE clipper level changes are applied.
0 = Clip level changes occur on zero cross event
1 = Clip level changes occur as soon as possible
BDE Level 1 Limiter Configuration
REGISTER ADDRESS = 0x20A8
— DESCRIPTION
BIT PoR | BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED - " | Returns 0 if read.
4 0
3 0 BDE Level 1 Limiter Threshold
Sets the BDE limiter threshold for Level 1.
2 0 0 = 0dBFS
) 1=-1dBFS
BDE_L1_LIM[3:0] RW-R | BDE 2 = 2dBFS
1 or = (-1dBFS steps)
14 = -14dBFS
0 0 15 = -15dBFS

www.maximintegrated.com
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BDE Level 1 Clipper Configuration

REGISTER ADDRESS = 0x20A9
— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED o " | Returns 0 if read.
S 0 BDE Level 1 Clipper Threshold
Sets the threshold at which clipping occurs in BDE level 1.
4 0 000000 = 0dBFS
000001 = -0.25dBFS
3 0 000010 = -0.50dBFS
BDE_L1_CLIP[5:0] RW-R | BDE | 000011 =-0.75dBFS
2 0 .... = (-0.25dBFS steps)
111010 = -14.50dBFS
1 0 111011 = -14.75dBFS
111100 = -15.00dBFS
0 0 111101-111111 = Reserved
BDE Level 1 Gain Reduction Configuration
REGISTER ADDRESS = 0x20AA
— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0 Unused
6 0 RESERVED T " | Returns 0 if read.
5 0 . .
BDE Level 1 Gain Reduction
Sets the gain reduction for BDE level 1.
410 000000 = 0dB
000001 =-0.25dB
3 0 000010 =-0.50dB
BDE_L1_GAIN[5:0] RW-R | BDE | 000011 =-0.75dB
2 0 ... =in -0.25dB steps
111010 = -14.50dB
1 0 111011 = -14.75dB
111100 = -15.00dB
0 0 111101-111111 = Reserved
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BDE Level 2 Limiter Configuration

REGISTER ADDRESS = 0x20AB
—_— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED o " | Returns 0 if read.
4 0
3 0 BDE Level 2 Limiter Threshold
Sets the BDE limiter threshold for Level 2.
2 0 0 = 0dBFS
] 1=-1dBFS
BDE_L2_LIM[3:0] RW-R | BDE | ,_ ,oco
1 o 0 = (-1dBFS steps)
14 = -14dBFS
0 0 15 = -15dBFS
BDE Level 2 Clipper Configuration
REGISTER ADDRESS = 0x20AC
—_— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED - "~ | Returns 0 if read.
5 0 BDE Level 2 Clipper Threshold
Sets the threshold at which clipping occurs in BDE level 2.
4 0 000000 = 0dBFS
000001 = -0.25dBFS
3 0 000010 = -0.50dBFS
BDE_L2_CLIP[5:0] RW-R | BDE | 000011 = -0.75dBFS
2 0 .... = (-0.25dBFS steps)
111010 = -14.50dBFS
1 0 111011 = -14.75dBFS
111100 = -15.00dBFS
0 0 111101-111111 = Reserved
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BDE Level 2 Gain Reduction Configuration

REGISTER ADDRESS = 0x20AD
— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED - " | Returns 0 if read.
5 0 BDE Level 2 Gain Reduction
Sets the gain reduction for BDE level 2.
4 0 000000 = 0dB
000001 =-0.25dB
3 0 000010 =-0.50dB
BDE_L2_GAIN[5:0] RW-R | BDE | 000011 =-0.75dB
2 0 .... =in -0.25dB steps
111010 = -14.50dB
1 0 111011 = -14.75dB
111100 = -15.00dB
0 0 111101-111111 = Reserved
BDE Level 3 Limiter Configuration
REGISTER ADDRESS = 0x20AE
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED _ " | Returns 0 if read.
4 0
3 0 BDE Level 3 Limiter Threshold
Sets the BDE limiter threshold for level 3.
> | o 0 = 0dBFS
, 1 =-1dBFS
BDE_L3_LIM[3:0] RW-R | BDE | ,_ ,ore
1 o = in -1dBFS steps
14 = -14dBFS
0 0 15 =-15dBFS
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BDE Level 3 Clipper Configuration

REGISTER ADDRESS = 0x20AF
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED o " | Returns 0 if read.
S 0 BDE Level 3 Clipper Threshold
Sets the threshold at which clipping occurs in BDE level 3.
4 0 000000 = 0dBFS
000001 = -0.25dBFS
3 0 000010 = -0.50dBFS
BDE_L3_CLIP[5:0] RW-R | BDE | 000011 =-0.75dBFS
2 0 .... = (-0.25dBFS steps)
111010 = -14.50dBFS
1 0 111011 = -14.75dBFS
111100 = -15.00dBFS
0 0 111101-111111 = Reserved
BDE Level 3 Gain Reduction Configuration
REGISTER ADDRESS = 0x20B0
— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0 Unused
6 0 RESERVED - | Returns 0 if read.
5 0 BDE Level 3 Gain Reduction
Sets the gain reduction for BDE level 3.
4 0 000000 = 0dB
000001 =-0.25dB
3 0 000010 =-0.50dB
BDE_L3_GAIN[5:0] RW-R | BDE | 000011 =-0.75dB
2 0 ... =in -0.25dB steps
111010 = -14.50dB
1 0 111011 = -14.75dB
111100 = -15.00dB
0 0 111101-111111 = Reserved
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BDE Level 4 Limiter Configuration

REGISTER ADDRESS = 0x20B1
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 0 Unused
5 0 RESERVED o " | Returns 0 if read.
4 0
3 0 BDE Level 4 Limiter Threshold
Sets the BDE limiter threshold for level 4.
2 0 i 01ddBBFFSS
BDE_L4_LIM[3:0] RW-R | BDE 2 = 2dBFS
1 or =in -1dBFS steps
14 = -14dBFS
0 0 15 = -15dBFS
BDE Level 4 Clipper and State Configuration
REGISTER ADDRESS = 0x20B2
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
BDE Level 4 Mute Enable
Mutes the audio stream when in BDE level 4.
! 0 BDE_L4_MUTE RW-R | BDE 0 = Not muted in BDE level 4
1 = Muted in BDE level 4
BDE Controller Level 4 Infinite Hold Enable
Enables the BDE level 4 infinite hold feature.
6 0 BDE_L4_INF_HLD RW-R- | BDE 0 = Transition from level 4 automatically based on PVDD level
1 = Transition from level 4 only after writing to BDE_L4 HLD_RLS
5 0 BDE Level 4 Clipper Threshold
Sets the threshold at which clipping occurs in BDE level 4.
4 0 000000 = 0dBFS
000001 = -0.25dBFS
3 0 000010 = -0.50dBFS
BDE_L4_CLIP[5:0] RW-R | BDE | 000011 =-0.75dBFS
2 0 .... = (-0.25dBFS steps)
111010 = -14.50dBFS
1 0 111011 = -14.75dBFS
111100 = -15.00dBFS
0 0 111101-111111 = Reserved
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BDE Level 4 Gain Reduction Configuration

REGISTER ADDRESS = 0x20B3
— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED - "~ | Returns 0 if read.
5 0 BDE Level 4 Gain Reduction
Sets the gain reduction for BDE level 4.
4 0 000000 = 0dB
000001 =-0.25dB
3 0 000010 =-0.50dB
BDE_L4_ GAIN[5:0] RW-R | BDE | 000011 =-0.75dB
2 0 .... =in -0.25dB steps
111010 = -14.50dB
1 0 111011 = -14.75dB
111100 = -15.00dB
0 0 111101-111111 = Reserved
BDE Level 4 Infinite Hold Clear
REGISTER ADDRESS = 0x20B4
—— DESCRIPTION

BIT | PoR BIT NAME TYPE | RES

BDE Controller Level 4 Infinite Hold Release

Manually releases the BDE controller from level 4 when infinite hold is
7 0 BDE_L4_HLD_RLS W-D — enabled.

0 = Writing zero has no effect

1 = Release brownout controller from level 4

Unused

RESERVED - | Returns 0 if read.

O|l=2IN®W|IdlO|O
oO|o|lo|o|o|o|O
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Thermal Protection

When the device is active, the measurement ADC thermal
channel is automatically enabled and continuously moni-
tors die temperature to ensure that it does not exceed the
configured thermal thresholds. Interrupt registers are pro-
vided so that the device can notify the host when the die
temperature crosses the thermal-warning threshold, the
thermal-shutdown threshold, or when thermal foldback
starts and stops.

Thermal-Warning Threshold Configuration

Digital Input Class D Speaker Amplifier with DHT

Thermal Warning and Shutdown

Threshold Configuration

The thermal-warning threshold is configured by the
THERMWARN_THRESH[5:0] bit field (Thermal-
Warning Threshold Configuration) and the thermal-shut-
down threshold is configured by the THERMSHDN_
THRESHI5:0] bit field (Thermal-Shutdown Threshold
Configuration). When the die temperature is decreasing,
hysteresis is applied to both thresholds. The temperature
hysteresis is configured with the THERM_HYST bit field
(Thermal Hysteresis Configuration). The thermal-warning
threshold temperature should never be configured higher
than the thermal-shutdown threshold temperature minus
hysteresis.

REGISTER ADDRESS = 0x2014
— DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED o " | Returns 0 if read.
S 0 Thermal-Warning Threshold
Sets the thermal-warning threshold temperature.
411 0x00 to 0x05 = Reserved
0x06 = 107.96°C
310 THERMWARN_ s | gy | 007 =109.24°C
5 0 THRESHI[5:0; 0x08 = 110.52°C
... = (1.28°C steps)
1 0 0x25 = 147.64°C
0x26 = 148.92°C
0 0 0x27 to 0x3F = 150.2°C

Thermal-Shutdown Threshold Configuration

REGISTER ADDRESS = 0x2015

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
Unused
RESERVED - ~ | Returns 0 if read.
5 1 Thermal-Shutdown Threshold
Sets the thermal-shutdown threshold temperature.
4 0 0x00 to 0x05 = Reserved
0x06 = 107.96°C
3 0 THERMSHDN _ RW-S EN 0x07 = 109.24°C
2 1 THRESH]I5:0] 0x08 = 110.52°C
... = (1.28°C steps)
1 1 0x25 = 147.64°C
0x26 = 148.92°C
0 1 0x27 to 0x3F = 150.2°C
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Thermal Hysteresis Configuration
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REGISTER ADDRESS = 0x2016
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

RESERVED — —

NlWw|lh|lO|O | N
o|jlo|o|o|o|O

Unused
Returns 0 if read.

THERM_HYST[4:0] | RW-S | EN

Thermal Threshold Hysteresis

Controls the amount of hysteresis applied to the thermal-threshold
measurements.

00 =2.56°C

01=3.84°C

10=5.12°C

11 =6.40°C

Thermal Shutdown Recovery Configuration

The device thermal shutdown recovery behavior is deter-
mined by the state of the THERM_AUTORESTART_
EN bit (Device Auto-Restart Configuration). When the
THERM_AUTORESTART_EN bit is set to 0, the thermal
shutdown recovery is in manual mode. In manual mode,
when the die temperature exceeds the thermal-shutdown
threshold, an interrupt is generated and the amplifier out-
put is automatically disabled. Once the die temperature
drops below the thermal shutdown and warning thresh-
olds, the appropriate interrupts are generated to notify the
host. In addition, once the die temperature drops below
the thermal warning threshold, the device is placed into
software shutdown (EN is set to 0) and remains in that
state until the host manually re-enables the device.

When the THERM_AUTORESTART_EN bit is set to 1,
the thermal shutdown recovery is in automatic mode. In
automatic mode, when the die temperature exceeds the
thermal-shutdown threshold, an interrupt is generated
and the amplifier is automatically disabled. Once the die
temperature drops below the thermal-shutdown thresh-
old, an interrupt is generated but the amplifier remains
disabled. When the temperature drops below the thermal-
warning threshold, another interrupt is generated and
(unlike manual mode) the amplifier is then automatically
re-enabled.

www.maximintegrated.com

Thermal Foldback Configuration

The device features thermal foldback to allow for a
smoother audio response to high temperature events.
Thermal foldback is enabled by setting the THERMFB_EN
bit to 1 (Thermal-Foldback Enable). Once enabled, when
the die temperature exceeds the configured thermal-
warning threshold (+120°C by default, Thermal-Warning
Threshold Configuration), an interrupt is generated and
attenuation is applied to the speaker amplifier path. As the
die temperature increases, the level of attenuation also
increases proportionally up to a maximum level of -12dB
(unless the thermal-shutdown threshold is exceeded first).
Likewise, as die temperature decreases (including hys-
teresis and hold time), the applied attenuation also pro-
portionally decreases. The slope of the thermal-foldback
attenuation is programmed with the THERMFB_SLOPE
bit field (Thermal-Foldback Settings).

When thermal foldback is active, the attenuation attack
rate (for increasing temperature) is fixed at 10us/dB.
However, the attenuation release rate (for decreasing
temperature) is programmable and is configured with the
THERMFB_RLS bit field (Thermal-Foldback Settings).
For thermal foldback to end, the die temperature must
drop below the thermal-warning threshold (including the
programmed hysteresis) and remain there for longer than
the configured hold time (set with the THERMFB_HOLD
bit field, Thermal-Foldback Settings). When this occurs,
an interrupt is generated and the attenuation completely
releases at the programmed release rate.
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Thermal-Foldback Settings

REGISTER ADDRESS = 0x2017
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

Thermal-Foldback Hold Time

7 1 The thermal-foldback hold time controls how long the device
temperature must remain below the configured thermal-threshold
hysteresis before thermal-foldback release begins.

00: Oms

01: 20ms

6 1 10: 40ms

11: 80ms (default)

THERMFB_HOLDI[1:0] RW-S | EN

Unused
Returns 0 if read.

RESERVED — —

Thermal-Foldback Release Rate

3 0 This sets the release rate of the thermal-foldback attenuation.
. 00: 3ms/dB

THERMFB_RLS[1:0] RW-S EN 01 10ms/dB

2 0 10: 100ms/dB

11: 300ms/dB

Thermal-Foldback Attenuation Slope

1 0 This sets the slope of the thermal-foldback attenuation.
) 00: 0.5dB/°C

THERMFB_SLOPE[1:0] | RW-S | EN 01- 1.0dB/°C

0 0 10: 2.0dB/°C

11: Reserved

Thermal-Foldback Enable

REGISTER ADDRESS = 0x2018
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

= IN|W(dlO|O®| N
oO|o|lo|o|o|o|O

Unused
RESERVED - - Returns 0 if read.
Thermal-Foldback Enable
7 0 THERMFB_EN RW-S | EN Enables thermal foldback.

0: Thermal foldback disabled
1: Thermal foldback enabled
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ICC Interface

The ICC interface enables multiple MAX98374 devices
to be grouped to synchronize device changes from the
BDE, limiter, thermal foldback, and DHT blocks. In each
group, a single device takes on the role of synchronization
master and establishes and aligns the data transfer. Each
device in each group transmits one or more channels of
data. Each device receives the data of the other grouped
devices and reacts accordingly. ICC only operates in 12C
control mode, and grouped devices communicate over a
single wire ICC bus connected to the bidirectional ICC pin
on each device.

ICC Interface Data Format

ICC device data is 16 bits in length, and contains both a 4
bit data tag and a 12 bit payload. The data tag is located
in the first 4 bits of the data, and decodes to a unique
value that indicates the type of data currently being trans-
mitted. Table 19 shows the tag decode values for each
data source. Data tag values from 0x0 to 0x3 correspond
to the four device data types while all other data tag
values are reserved. The data payload is located in the
next 12 bits, and contains the current device data for the
transmitted data type. Trailing padding bits are inserted if
the configured channel length exceeds 16 bits.

ICC Interface Device Group Assignment

The ICC interface allows for devices to be grouped so
that adjustments are synchronized. The receive channel
enables (ICC_RX _CHn_EN, ICC Receiver Enables 1

Digital Input Class D Speaker Amplifier with DHT

and /ICC Receiver Enables 2) are used to define groups,
and devices receive data from all selected channels. The
configured set of receive channels must also include the
transmit channel of a given device. Each device in a given
group must have identical settings for all ICC receive
channel enables. The minimum group size is two devices,
however a single group can contain up to four devices.

The ICC transmit channel enable bit (ICC_TX_CH_EN,
ICC Transmitter Enable) enables the device to output data
to an assigned ICC channel. The ICC transmit channel
destination bit field (ICC_TX_DESTI[3:0], /ICC Transmitter
Configuration) selects the data channel used for ICC data
transmission. For each device, the ICC transmit chan-
nel Hi-Z controls (ICC_TX_CHn_HIZ, ICC Transmitter
Channel Configuration 1, and ICC Transmitter Channel
Configuration 2) should be configured to enable data
transmission on the selected destination channel.

ICC Data Transmit and Receive

The ICC pin is externally connected to the ICC pins of all
other grouped MAX98374 devices to form the ICC bus.
Each device uses the ICC bus to provide data feedback to
the other grouped devices. The ICC bus operates with the
same clock source and data format as the current PCM
interface configuration and each grouped device sends a
single channel of 16-bit ICC data per frame (Figure 39).
Multiple independent groups can share a single ICC bus
as long as enough channels are available and no channel
assignments overlap across groups.

Table 19. ICC Tag Decode Values

TAG VALUE DATA TAG DECODE
ICC STATUS DATA STRUCTURE 0x0 Thermal Foldback Data
0x1 BDE Data
TAG (4 BITS) | PAYLOAD (12BiTs) | |°C CONTROL MODE — ,
PADDING (0/8/16 BITS) 0x2 Limiter Attenuation Data
0x3 DHT Data
Figure 38. ICC Data Structure Ox4 to OxF Reserved
ICC BUS DATA STRUCTURE (4 CHANNEL TDM MODE)
LRCLK r r
ICC  CHANNEL3 CHANNEL 0 CHANNEL 1 CHANNEL 2 CHANNEL 3 CHANNEL 0
/,// CHANNEL LENGTH = N BITS \\\\
TAG (4 BITS) | PAYLOAD (12BITS) | PADDING (N-16 BITS)

Figure 39. ICC Bus Data Structure
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Zero padding bits occupy any extra channel BCLK cycles
if the selected channel length is larger than the 16 bits
required for the ICC bus data structure (Figure 39).

Device data is transmitted on the ICC bus in a round-robin
sequence. Each sequence starts with a data tag of 0 on
the first frame, and data is transmitted to each frame in
the order of ascending numerical tag values. When the
last frame in the sequence is complete (data tag of 3), the
next frame restarts the sequence (data tag of 0). Each
sequence always contains a frame for each data tag (4
frames per sequence), even if the ICC link for any given
data tag is not enabled. Each frame contains one chan-
nel of data (for the current data tag) for each device in a
given group. Figure 40 illustrates the ICC bus round-robin
data sequence.

ICC Interface Group Data Synchronization

At the end of each frame, each device makes the adjust-
ments for each data type that corresponds to either the
highest or lowest value reported by all devices within
the assigned group. The configuration register bit fields
(ICC_x_CONFIG, ICC Data Link Configuration) are used
to select whether the highest and lowest value for each
data type is used. The configuration settings must
match across all devices within an assigned group. This
ensures that the adjustments applied by the devices in an
assigned group are identical.

Once all grouped devices have reported their data, the
selected value for that data type is applied to all devices in

Digital Input Class D Speaker Amplifier with DHT

the group. For all data types (except BDE data) there is a
delay of two frames until a change is made to the devices
in a given group.

For BDE data, a given device immediately uses its own
state if it would move the device to a higher BDE level.
The BDE data is still transmitted during the appropriate
frame, and can then be applied to the other devices in the
assigned group.

The delay for ICC data propagating through a configured
group is six frames. This is comprised of up to four frames
for the data tag to come up in the round-robin rotation,
plus the two frame delay for a change to be made.

ICC Interface Link Synchronization

A single device in each group is programmed to be the
ICC synchronization master. This device synchronizes
the selected data links and aligns the round-robin data
transmissions. A single device is configured as the ICC
sync master if its selected transmit channel destination
(ICC_TX_DESTI[3:0]) matches the selected sync mas-
ter transmit channel (ICC_SYNC_SLOT[3:0]). All other
devices in the assigned group are configured as ICC
slave devices. The ICC sync master transmit channel set-
ting (ICC_SYNC_SLOT[3:0]) must be identical across all
devices in each group, otherwise synchronization is not
possible. It is recommended (but not required) that the
device with the lowest channel assignment be selected
as the ICC sync master.

LRCLK ( _/ STARTATTAG=0
/

ICC BUS ROUND-ROBIN DATA SEQUENCE (4 CHANNEL TDM MODE)

PAYLOAD + OPTIONAL
( .7 PAD (
/

¥

ICC DATA | 3| DATA [ 0| DATA | 0| DATA | 0| DATA |0

DATA | 1

DATA | 1| DATA | 1| DATA | 1| DATA | 2| DATA

LRCLK

, RESTARTATTAG =0

ICC | 2| DATA | 2 | DATA | 2| DATA | 3| DATA

3

DATA | 3| DATA | 3| DATA | 0| DATA | 0| DATA [ 0| DATA

Figure 40. ICC Bus Round-Robin Data Sequence
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The ICC synchronization process for a device begins once
any data links are enabled (one of more ICC_x_LINK_EN
= 1) and the device is not in software shutdown (EN = 1).
When this condition is met, a given device attempts ICC
synchronization. If ICC synchronization for a given device
is not successful before the internal timeout (16383 /
fLRcLK) expires, then the synchronization process stops
and the device generates an ICC synchronization error
interrupt (ICC_SYNC_ERR _*, Device Interrupt Sources).
To restart the ICC synchronization process, the host must
disable and then re-enable ICC for all timed out devices
in an assigned group.

When ICC synchronization is enabled for all devices in an
assigned group, synchronization locks on and the round-
robin data transmissions begin. If ICC synchronization
for all devices in each group is already enabled when
the data link of the last device is enabled, then the ICC
synchronization lock-on takes no more than 16 frames
to complete. If the ICC of the last device in an assigned
group is enabled by exiting software shutdown (Setting
EN = 1), then the ICC synchronization lock time is negli-
gible relative to the total device turn-on time.

When the ICC synchronization is locked and the round-
robin data sequence is active, all devices in a given group
must transmit the correct data tags. In any given frame

Digital Input Class D Speaker Amplifier with DHT

where an incorrect data tag is present, the grouped devic-
es retain and use the data from the last valid frame of that
data type. For the duration of the link, if any combination
of devices in each group transmits a combined total of
three incorrect data tags, then the synchronization lock is
broken. In this case, ICC data transmissions stop and an
ICC data error interrupt is generated (ICC_DATA_ERR_*,
Device Interrupt Sources). For any devices where the ICC
interface is still enabled, the last valid data for each data
type is retained and the synchronization process restarts.
A device fully reverts to its own data only if the ICC inter-
face is disabled.

For any device, if all data links are disabled (all ICC_x_
LINK_EN = 0) or the device enters a shutdown state
(such as by setting EN = 0 or due to an event such as
thermal shutdown) the transmitted data tags will be incor-
rect. This results in the ICC synchronization lock being
broken for all devices in the group. The ICC synchroniza-
tion lock must be restored before the data transmission
seqguence can resume.

For successful ICC synchronization and for a balanced
group response, the host must ensure that the register
bits for the following blocks are set to the same values
across all devices in an assigned group:

Table 20. Register Settings that Must Match Across an ICC Group

FUNCTIONAL BLOCK

MATCHED FUNCTIONALITY

PCM Interface

All Clock and Data Format Registers

ICC Bus and Data Link Configuration

ALL ICC Registers Except for the Device Specific Transmit Channel

BDE Configuration

All Registers Must Match if the BDE Data Link is Enabled

Limiter Configuration

All Register Must Match if the Limiter Data Link is Enabled

Thermal Foldback Configuration

All Register Must Match if the Thermal-Foldback Data Link is Enabled

DHT Configuration

All Register Must Match if the DHT Data Link is Enabled
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ICC Data Link Configuration

REGISTER ADDRESS = 0x2032
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

ICC DHT Link Configuration

Configures the ICC link to react to the highest or lowest DHT value of
7 0 ICC_DHT_CONFIG RW-R | ICC | all devices in the same ICC group

0 = Use the lowest DHT attenuation for the DHT link

1 = Use the highest DHT attenuation for the DHT link

ICC Limiter Link Configuration

Configures the ICC link to react to the highest or lowest Limiter value
6 0 ICC_LIM_CONFIG RW-R | ICC | of all devices in the same ICC group.

0 = Use the lowest limiter attenuation for the limiter link

1 = Use the highest limiter attenuation for the limiter link

ICC BDE Link Configuration

Configures the ICC link to react to the highest or lowest BDE value of
5 1 ICC_BDE_CONFIG RW-R | ICC | all devices in the same ICC group.

0 = Use the lowest BDE level for the BDE link

1 = Use the highest BDE level for the BDE link

ICC Thermal Link Configuration

Configures the ICC link to react to the highest or lowest thermal value
4 1 ICC_THERM_CONFIG RW-R | ICC | of all devices in the same ICC group.

0 = Use the lowest temperature result for the thermal link

1 = Use the highest temperature result for the thermal link

ICC DHT Link Enable

Enables ICC DHT link between devices.
0 = ICC DHT link disabled

1 =ICC DHT link enabled

3 0 ICC_DHT LINK. EN | RW-D | —

ICC Limiter Link Enable

Enables ICC LIM link between devices.
0 = ICC limiter link disabled

1 = ICC limiter link enabled

2 0 ICC_LIM_LINK_EN RW-D | —

ICC BDE Link Enable

Enables ICC BDE link between devices.
0 = ICC BDE link disabled

1 =ICC BDE link enabled

1 0 ICC_BDE_LINK EN | RW-D | —

ICC Thermal Link Enable

Enables ICC thermal link between devices.
0 = ICC thermal link disabled

1 = ICC thermal link enabled

0 0 ICC_THERM_LINK_EN | RW-D —
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ICC Receiver Enables 1

REGISTER ADDRESS = 0x202E
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

ICC Receive Channel 7 Enable
7 0 ICC_RX_CH7_EN RW-R | ICC | 0=ICC receive channel 7 is disabled
1 = ICC receive channel 7 is enabled

ICC Receive Channel 6 Enable
6 0 ICC_RX_CH6_EN RW-R | ICC | 0=ICC receive channel 6 is disabled
1 = ICC receive channel 6 is enabled

ICC Receive Channel 5 Enable
5 0 ICC_RX_CH5_EN RW-R | ICC | 0=ICC receive channel 5 is disabled
1 = ICC receive channel 5 is enabled

ICC Receive Channel 4 Enable
4 0 ICC_RX_CH4_EN RW-R | ICC | 0=ICC receive channel 4 is disabled
1 = ICC receive channel 4 is enabled

ICC Receive Channel 3 Enable
3 0 ICC_RX_CH3_EN RW-R | ICC | 0=ICC receive channel 3 is disabled
1 = ICC receive channel 3 is enabled

ICC Receive Channel 2 Enable
2 0 ICC_RX_CH2_EN RW-R | ICC | 0=ICC receive channel 2 is disabled
1 = ICC receive channel 2 is enabled

ICC Receive Channel 1 Enable
1 0 ICC_RX_CH1_EN RW-R | ICC | 0=ICC receive channel 1 is disabled
1 = ICC receive channel 1 is enabled

ICC Receive Channel 0 Enable
0 0 ICC_RX_CHO_EN RW-R | ICC | 0=ICC receive channel 0 is disabled
1 = ICC receive channel 0 is enabled
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ICC Receiver Enables 2

REGISTER ADDRESS = 0x202F
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

ICC Receive Channel 15 Enable
7 0 ICC_RX_CH15_EN RW-R | ICC | 0=ICC receive channel 15 is disabled
1 = ICC receive channel 15 is enabled

ICC Receive Channel 14 Enable
6 0 ICC_RX_CH14_EN RW-R | ICC | 0=ICC receive channel 14 is disabled
1 = ICC receive channel 14 is enabled

ICC Receive Channel 13 Enable
5 0 ICC_RX_CH13_EN RW-R | ICC | 0=ICC receive channel 13 is disabled
1 = ICC receive channel 13 is enabled

ICC Receive Channel 12 Enable
4 0 ICC_RX_CH12_EN RW-R | ICC | 0=ICC receive channel 12 is disabled
1 = ICC receive channel 12 is enabled

ICC Receive Channel 11 Enable
3 0 ICC_RX_CH11_EN RW-R | ICC | 0=ICC receive channel 11 is disabled
1 = ICC receive channel 11 is enabled

ICC Receive Channel 10 Enable
2 0 ICC_RX_CH10_EN RW-R | ICC | 0=ICC receive channel 10 is disabled
1 = ICC receive channel 10 is enabled

ICC Receive Channel 9 Enable
1 0 ICC_RX_CH9 _EN RW-R | ICC | 0=ICC receive channel 9 is disabled
1 = ICC receive channel 9 is enabled

ICC Receive Channel 8 Enable
0 0 ICC_RX_CH8_EN RW-R | ICC | 0=ICC receive channel 8 is disabled
1 = ICC receive channel 8 is enabled

ICC Transmitter Configuration

REGISTER ADDRESS = 0x2034

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0 ICC Synchronization Master Channel Selection
Selects the transmit channel for the ICC synchronization master.
6 0 0000 = ICC channel 0
ICC_SYNC_SLOT[3:0] | RW-R | ICC | 0001 =ICC channel 1
5 0 T
1110 = ICC channel 14
4 0 1111 = ICC channel 15
3 0 ICC Data Transmit Channel Selection
Selects the device transmit channel for ICC data.
2 0 0000 = ICC channel 0
ICC_TX_DEST[3:0] RW-R | ICC | 0001 =ICC channel 1
1 0 T
1110 = ICC channel 14
0 0 1111 = 1CC channel 15
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ICC Transmitter Channel Configuration 1

REGISTER ADDRESS = 0x2030
BIT | PoR BIT NAME TYPE | RES

DESCRIPTION

ICC Data Transmit Channel 7 Hi-Z Control
7 1 ICC_TX_CH7_HIzZ RW-R | ICC | 0= Channel 7 drives data (selected as a destination) or zeros (if not)
1 =Channel 7 is Hi-Z

ICC Data Transmit Channel 6 Hi-Z Control
6 1 ICC_TX_CH6_HIZ RW-R | ICC | 0= Channel 6 drives data (selected as a destination) or zeros (if not)
1 = Channel 6 is Hi-Z

ICC Data Transmit Channel 5 Hi-Z Control
5 1 ICC_TX_CH5_HIz RW-R | ICC | 0= Channel 5 drives data (selected as a destination) or zeros (if not)
1 =Channel 5 is Hi-Z

ICC Data Transmit Channel 4 Hi-Z Control
4 1 ICC_TX_CH4_HIz RW-R | ICC | 0= Channel 4 drives data (selected as a destination) or zeros (if not)
1 =Channel 4 is Hi-Z

ICC Data Transmit Channel 3 Hi-Z Control
3 1 ICC_TX_CH3 _HIz RW-R | ICC | 0= Channel 3 drives data (selected as a destination) or zeros (if not)
1 =Channel 3 is Hi-Z

ICC Data Transmit Channel 2 Hi-Z Control
2 1 ICC_TX_CH2_HIz RW-R | ICC | 0= Channel 2 drives data (selected as a destination) or zeros (if not)
1 =Channel 2 is Hi-Z

ICC Data Transmit Channel 1 Hi-Z Control
1 1 ICC_TX_CH1_HIz RW-R | ICC | 0= Channel 1 drives data (selected as a destination) or zeros (if not)
1 = Channel 1 is Hi-Z

ICC Data Transmit Channel 0 Hi-Z Control
0 1 ICC_TX_CHO_HIZ RW-R | ICC | 0= Channel 0 drives data (selected as a destination) or zeros (if not)
1 =Channel 0 is Hi-Z
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ICC Transmitter Channel Configuration 2

REGISTER ADDRESS = 0x2031

DESCRIPTION
BIT | PoR BIT NAME TYPE | RES

ICC Data Transmit Channel 15 Hi-Z Control

7 1 ICC_TX_CH15_HIZ RW-R | ICC | 0= Channel 15 drives data (selected as a destination) or zeros (if not)
1 = Channel 15 is Hi-Z
ICC Data Transmit Channel 14 Hi-Z Control

6 1 ICC_TX_CH14_HIZ RW-R | ICC | 0= Channel 14 drives data (selected as a destination) or zeros (if not)
1 = Channel 14 is Hi-Z
ICC Data Transmit Channel 13 Hi-Z Control

5 1 ICC_TX_CH13_HIZ RW-R | ICC | 0= Channel 13 drives data (selected as a destination) or zeros (if not)
1 = Channel 13 is Hi-Z
ICC Data Transmit Channel 12 Hi-Z Control

4 1 ICC_TX_CH12_HIZ RW-R | ICC | 0= Channel 12 drives data (selected as a destination) or zeros (if not)
1 =Channel 12 is Hi-Z
ICC Data Transmit Channel 11 Hi-Z Control

3 1 ICC_TX_CH11_HIZ RW-R | ICC | 0= Channel 11 drives data (selected as a destination) or zeros (if not)
1 = Channel 11 is Hi-Z
ICC Data Transmit Channel 10 Hi-Z Control

2 1 ICC_TX_CH10_HIZ RW-R | ICC | 0= Channel 10 drives data (selected as a destination) or zeros (if not)
1 = Channel 10 is Hi-Z
ICC Data Transmit Channel 9 Hi-Z Control

1 1 ICC_TX_CH9 Hiz RW-R | ICC | 0= Channel 9 drives data (selected as a destination) or zeros (if not)
1 =Channel 9 is Hi-Z
ICC Data Transmit Channel 8 Hi-Z Control

0 1 ICC_TX_CH8_HIZ RW-R | ICC | 0= Channel 8 drives data (selected as a destination) or zeros (if not)
1 = Channel 8 is Hi-Z

ICC Transmitter Enable
REGISTER ADDRESS = 0x2035
DESCRIPTION
BIT | PoR BIT NAME TYPE | RES

7 0

6 0

5 0
Unused

4 0 RESERVED o " | Returns O if read.

3 0

2 0

1 0
ICC Transmit Control

0 0 ICC TX EN RW-R | 1CC Select whether.the. ICC pin transmitter is enabled/disabled.

- 0 = ICC transmit disabled

1 =1CC transmit enabled
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Layout and Grounding

Proper layout and grounding are essential for optimum
performance. Use at least four PCB layers, and add ther-
mal vias to the ground/power plane close to the device to
ensure good thermal performance and high-end output
power. Good grounding improves audio performance and
prevents switching noise from coupling into the audio sig-
nal. Ground the power signals and the analog signals of
the IC separately at the system ground plane, to prevent
switching interference from corrupting sensitive analog
signals. Place the recommended supply decoupling
capacitors as close as possible to the IC. The PVDD to
PGND connection must be kept short and should have
minimum trace length and loop area to ensure optimal
performance. Use wide, low-resistance output, supply
and ground traces. As load impedance decreases, the
current drawn from the device outputs increase. At higher
current, the resistance of the output traces decreases
the power delivered to the load. For example, if 2W is
delivered from the speaker output to a 4Q load through a

Digital Input Class D Speaker Amplifier with DHT

100mQ trace, 49mW is consumed in the trace. If power is
delivered through a 10mQ trace, only 5mW is consumed
in the trace. Wide output, supply, and ground traces also
improve the power dissipation of the device. The device
is inherently designed for excellent RF immunity. For best
performance, add ground fills around all signal traces on
the top and bottom PCB planes. It is advisable to follow
the layout of the MAX98374 EV kit as closely as possible
in the application. Thermal and performance measure-
ments shown in this data sheet were measured with a
6-layer board with 2 signal layers and 4 ground layers. As
a result, the EV kit performance is likely better than what
can be achieved with a JEDEC standard board.

WLP Applications Information

For the latest application details on WLP construction,
dimensions, tape carrier information, PCB techniques,
bump-pad layout, and recommended reflow temperature
profile, as well as the latest information on reliability testing
results, refer to the Application Note 1891: Wafer-Level
Packaging (WLP) and its Applications.

Table 21. Recommended External Components

BUMP VALUE SIZE VOLTAGE RATING (V) DIELECTRIC
PVDD 10pF 0603 25 X5R
PVDD 10pF 0603 25 X5R
PVDD 0.1uF 0402 25 X5R
PVDD 0.1uF 0402 25 X5R
PVDD 220uF — 35 Alum-Elec
VREFC 10uF+30Q 0201 12 X5R
DVDD 1uF 0201 6.3 X5R
See the Typical Application Circuit for component placement.
Table 22. Unused Connections
WLP FCQFN NAME CONNECTION
E1 20 I.C. Connect to DVDD
A3 10 IRQ Leave unconnected if unused
D5 DOUT Leave unconnected if unused
E4 ICC Connect to DGND if unused
B4 LRCLK Connect to DGND if unused
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Typical Application Circuit
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Revision Identification Number number reflects the current physical hardware version and
is updated with any hardware revision (Device Revision

The device provides a register containing the device
Identification Number).

revision identification number. The revision identification

Device Revision Ildentification Number

REGISTER ADDRESS = 0x21FF
—T DESCRIPTION
BIT | PoR BIT NAME TYPE | RES
7 0
6 1
5 0
4 0 . P e n
REV_ID[7:0] R - Dev!cg Revision Idgntlflcatlon Number . N
3 0 Revision of the device. Updated at every device revision.
2 0
1 1
0 1
Ordering Information Package Information
PART NUMBER TEMP RANGE PIN-PACKAGE For thg latest package out!lncla information and land patterns
(footprints), go to www.maximintegrated.com/packages. Note
MAX98374EWA+T -40°C to +85°C 25 WLP that a “+”, “#”, or “-” in the package code indicates RoHS status
MAX98374EWA+ -40°C to +85°C 25 WLP only. Package drawings may show a different suffix character, but
the drawing pertains to the package regardless of RoHS status.
MAX98374EFF+T -40°C to +85°C 22 FCQFN
MAX98374EFF+ -40°C to +85°C 22 FCQFN PACKAGE PACKAGE OUTLINE LAND
+Denotes a lead(Pb) free/ROHS compliant package. TYPE CODE NO. PATTERN NO.
T = Tape and reel. Refer to:
25 WLP W252C2-2 21-100162 Application
Chip Information Note 1891
PROCESS: CMOS 22 FCQFN F223A3F+1 | 21-100223 90-100080
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 3/18 Initial release —

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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