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2.1-channel high-efficiency digital audio system

Features

Wide supply voltage range
— 4.5V to21.5V operating
— 24V absolute maximum rating

m Three power-output configurations
— 2-channel ternary PWM (stereo mode) PowerSSO-36
(2x20Winto8 Qat 18 V)
. . . E d pad d
— 3-channel (left, right using binary and LFE) Xposed pad down
ternary PWM (2.1 mode) (2 x9 W + A\
1x20Winto2x4Q 1x8Qat 18V) 2-channel 12S input datc te.rface
— 2-channel ternary PWM (2 x 20 W) + Input and output channci mapping
stereo lineout ternary 4 x 28-bit user prcgrammable bioticde (EQ) per
2.1 channels of 24-bit DDX® channel
100 dB SNR and dynamic range m Up to 5 uifferent EQ coef’iciiiis settings can
Selectable 32 kHz to 192 kHz input sample ba stcred and selectad using I°C interface
rates ra  Rzss/treble tone control
= 12C control with selectable device address m DC-blocking salectable high-pass filter
m Digital gain/attenuation +48 dB to -80 dB in m  Selectebr> d2-emphasis
0.5 dB steps m Sub channel mix into left and right channels
= Software volume update » Audsanced AM interference frequency
m Individual channel and master ¢air/attenuation switching and noise-suppression modes
m Dual independent limiters/cnpressors m  Selectable high or low-bandwidth
m Dynamic range comur3ssion or anti-clioping noise-shaping topologies
modes m Variable max power correction for lower
m Automodes full-power THD
— 15 prosat cross-over filizis Selectable clock input ratio
— S uresstanti-clipping raod'es 96 kHz internal processing sample rate,
- Praset night-time iictening mode 24 to 28-bit precision
v 'idividual channe! and master software and m Thermal overload and short-circuit protection
hardware m itz embedded
Indegerozrit channel volume and DSP bypass m Video application: 576 x fs input mode
Autonatic zero-detect mute supported
Awomatic invalid input detect mute m PowerSSO-36 exposed pad down package
fFigure 1. Device summary
Order code Package Packaging
STA335BWS PowerSSO-36 exposed pad down Tube
STA335BWS13TR PowerSSO-36 exposed pad down Tape and reel
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STA335BWS Description and block diagram

1.1

Description and block diagram

Description

The STA335BWS is an integrated solution of digital audio processing, digital amplifier
control, and DDX® power-output stage, thereby creating a high-power single-chip DDX®
solution comprising of high-quality, high-efficiency, all digital amplification.

The STA335BWS is part of the Sound Terminal™ family that provides full digital audio
streaming to the speaker offering cost effectiveness, low energy dissipation and sound
enrichment.

The STA335BWS power section consists of four independent half-bridges. These car be
configured via digital control to operate in different modes. 2.1 channels can be grcvide by
two half-bridges and a single full-bridge, providing upto 2 x 9 W + 1 x 20 W of cower output.
Two channels can be provided by two full-bridges, providing up to 2 x 20 W 7 bower. The IC
can also be configured as a 2.1 channels with 2 x 20 W provided by the: Jevice and external
power for DDX® power drive.

Also provided in the STA335BWS are a full assortment of dig:tzi processing features. This
includes up to four programmable 28-bit biquads (EQ) oe: rharinel, and bass/treble tone
control. AutoModes enable a time-to-market advanteg= hv substantially reducing the
amount of software development needed for ceri2ir. \unictions. This includes auto volume
loudness, preset volume curves and preset EG vatiings. New advanced AM
radio-interference reduction modes. The ¢ 2ri3! audio data input interface accepts all
possible formats, including the popule r 123 \ormat. Three channels of DDX® processing are
provided. This high-quality conversion irom PCM audio to DDX patented tri-state PWM
switching waveform provides ov=r 100 dB SNR and dynamic range.
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Description and block diagram STA335BWS

1.2 Block diagram

Figure 2. Block diagram

2
I=C Protection
2s v current/thermal <
interface Channel >
o L
4—
< Channel N
Power [{ Logic | 1B -\ &+
Volume control [
control <
DDX N
e N
i Coannel >
} 2A ]
- 1 >
—_— |
Regulators :
L % 9 4—
PLL AN | Channel
FN\) 2B ,_—J
Bias
Dlgital DSP Power
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STA335BWS Connection diagram and pin description

2 Connection diagram and pin description
2.1 Connection diagram
Figure 3. Pin connection PowerSS0O-36 (Top view)
/ | |
GND_SUB 1 36 VDD_DIG
SA 2 35 GND_DIG
TEST_MODE 3 34 SCL
ves[__[4 331 SDA
VCC_REG 5 32 INT_LINE
ouT2B[]6 31 RESET
GND2 7 30 SCI
VCC2 8 29 I ] LFCKI
ouT2A ]9 26 = BiCKi
outiBL_]10 27 |1 XTI
vcet |11 26 PLL_GND
GND1[]12 25 1 FILTER_PLL
OUT1A 13 24 VDD_PLL
GND_REG[_]14 23 PWRDN
VDD [_]15 22 GND_DIG
CONFIG I_ |13 21 VDD_DIG
OUT3B/DDX3L le 17 20 TWARN/OUT4B
OUT3A/DDX3A, 18 | | 19 EAPD/OUT4A
D05AU1638
2.2 Fin description
Table 1. Pin description
Pin Type Name Description
1 GND GND_SUB Substrate ground
2 [ SA I°C select address
3 | TEST_MODE This pin must be connected to ground
4 I/0 VSS Internal reference at Vcc - 3.3 V
5 IO Vee_REG Internal Vcc reference
6 o] OouT2B Output half bridge 2B
7 GND GND2 Power negative supply
8 Power VCC2 Power positive supply

Ky_’ 11/68




Connection diagram and pin description

STA335BWS

Table 1. Pin description (continued)
Pin Type Name Description
9 O OUT2A Output half bridge 2A
10 (0] OuUT1B Output half bridge 1B
11 Power VCCA1 Power positive supply
12 GND GND1 Power negative supply
13 IO OUT1A Output half bridge 1A
14 GND GND_REG Internal ground reference
15 Power VDD Internal 3.3 V reference voltage
16 | CONFIG Paralleled mode command
17 0 OUT3B/DDX3B | PWM out CH3B - external bridge o
18 0 OUT3A/DDX3A | PWM out CH3A - externa' Lria e
19 (0] EAPD/OUT4A Power down for externa' :';c?ge
20 | TWARN/OUT4B | Thermal warning from external bridge
21 Power VDD_DIG Digital =u»ziv voltage
22 GND GND_DIG Digivd ground
23 | PWRDN | Power down
24 Power VDD _pPL! :_ )~ Positive supply for PLL
25 | FILTER?LL Connection to PLL filter
26 GND GND_PLL Negative supply for PLL
27 L XxT PLL input clock
28 » BICKI I2S serial clock
29 NJ* LRCKI I2S left/right clock
- I SDI IS serial data channels 1 and 2
s | RESET Reset
Y 0 INT_LINE Fault interrupt
33 /O SDA I°C serial data
34 [ SCL I2C serial clock
35 GND GND_DIG Digital ground
36 Power VDD_DIG Digital supply voltage

12/68
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STA335BWS

Connection diagram and pin description

2.3

Thermal data

Table 2. Thermal data
Parameter Min Typ Max Unit

Rin -case gzg)rmal resistance junction-case (thermal 15 SC/W
Tih-sdi Thermal shut-down junction temperature 150 °C

Tih-w Thermal warning temperature 130 °C

Tih-sdh Thermal shut-down hysteresis 20 °C
Rihjamb | Thermal resistance junction-ambient ("

1. See Section 8: Package thermal characteristics on page 64 for details.
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3

3.1

Note:

3.2

14/68
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Electrical specifications

Absolute maximum ratings

Table 3. Absolute maximum ratings
Symbol Parameter Min Typ Max Unit
Vee Power supply voltage (VCCxA, VCCxB) -0.3 23
VDD_DIG | Digital supply voltage -0.3 4 \Y
VDD_PLL | PLL supply voltage -0.3 4
Top Operating junction temperature 0 150 [ °C
Tstg Storage temperature -40 150 i “C_ o

Stresses beyond those listed under “Absolute maximum ratings” make c¢ac'se permanent
damage to the device. These are stress ratings only, and functiona’ operation of the device
at these or any other conditions beyond those indicated under “'3e.commended operating
condition” are not implied. Exposure to absolute-maximum-rai>d conditions for extended
periods may affect device reliability. In the real applicat . rower supply with nominal value
rated inside recommended operating conditions, r~av experience some rising beyond the
maximum operating condition for short time when . or very low current is sinked (amplifier
in mute state). In this case the reliability of *hc Jevice is guaranteed, provided that the
absolute maximum rating is not excer.ae.

Recommended o»-2rating condition

Table 4. Recominorided operating condition
Symbol Parameter Min Typ Max Unit
Vee ) :c;/ver supply voltage (VCCxA, VCCxB) 4.5 21.5 \Y
V' OL DIG |Digital supply voltage 2.7 3.3 3.6 \
/VOD_PLL | PLL supply voltage 27 |33 (36 |v
Tamb Ambient temperature -20 70 °C
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STA335BWS Electrical specifications
3.3 Electrical specifications - digital section
Table 5. Electrical specifications - digital section
Symbol Parameter Conditions Min Typ Max Unit
Iy Low level input current without pull device |Vi=0V -10 10 pA
lin High level input current without pull device ;/|6=VVDD_DIG = |10 10 HA
Vi Low level input voltage 0.2*vbb_bic |V
Vin High level input voltage 0.8*vDD_DIG \'
Vol Low level output voltage lol =2 mA 0.4*vbpb_pic |V
Von High level output voltage loh=2mA 0.8*vDD_DIG | \
Ipu Pull current -25 66 125 pA
Rpu Equivalent pull resistance 50 j_ KQ
3.4 Electrical specifications - power sectien
The specifications given in this section are with the oreraiing conditions Vg =18 V, f =
1 kHz, fsw = 384 kHz, Tamb = 25° C, R =8 Q, ur.\ess otherwise specified.
Table 6. Electrical specifications - power secuon
Symbol Parameter conditions Min Typ Max Unit
THD = 1% 16
Output power BTL vCC =18V w
THD = 10% 20
Po \
THD = 1% 4
Output power SE VCC =18V W
THD = 10% 5
Power Pcirannel/Nchannel
RasoN | MOSHET (1otal bridge) ly=15A 180 1250 \mQ
9P IPowcr_ Pchannel RdsON ly=1.5A 95 o
matching
Power Nchannel RdsON
[N ma"tvching ly=15A 95 %
Power Pchannel/Nchannel
lass leakage Idss Vec=20V 10 HA
Power Pchannel RdsON o
Jp Matching ld =15A 95 Yo
Power Nchannel RdsON _ o
aIN Matching Id =15A 95 Yo
ldss Power Pchannel/Nchannel VCC = 20 V 10 uA
leakage
ILpT Low current dead time (static) | Resistive load(!) 8 15 ns
'S7i 15/68




Electrical specifications STA335BWS
Table 6. Electrical specifications - power section (continued)
Symbol Parameter Conditions Min Typ Max Unit
High current dead time _ )
IHDT (dynamic) Iload =15A 15 30 ns
t, Rise time Resistive load () 10 18 ns
t Fall time Resistive load (1) 10 18 ns
Vo, Supply voltage operating 45 215 v
voltage
Supply current from Vcce in PWRDN = 0 01 1 mA
power down
e Supply current from Vce in PCM Input signal = -60 dBFS '
o grilt);on Switching frequency = 384 kHz 52 60 A
P No LC filters |
lvgg Supply current DDX processing | . clock = 49.152 MHz 55 170 mA
(reference only) B
lim Overcurrent limit @ 22 30 (40 A
Isc Short circuit protection Hi-Z output 2.7 3.6
UVL Under voltage protection 3.5 4.3 \Y,
tmin Output minimum pulse width No load 20 30 60 ns
DR Dynamic range 100 dB
Signal to noise ratio, ternary 100 4B
mode
SNR - A-Weighted
Signal to noise ratio binary
90 dB
mode
DDX stereo mode, <5 kHz
PSSR Power supply reiectic:i ratio VgippLe =1V RMS 80 dB
Audio input = dither only
'p ic di i DDX st Po=1W
THD4N 'J'ota hurmonic distortion + stereo mode, Po 0.2 %
naive f=1kHz
_I, <=
DDX stereo mode, <5 kHz
X w Crosstalk One channel driven @ 1 W 80 dB
| Other channel measured
Peak efficiency, DDX mode Po =2 x20 W into 8 Q 90
n - . Po=2x9Winto 4 Q, %
Peak efficiency, binary modes 1x 20 W into 8 Q 87

1. Refer to Figure 4: Test circuit 1.

2. Limit current if the register (OCRB par 6.1.3.3) overcurrent warning detect adjustment bypass is enabled. When disabled
refer to Isc.
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Electrical specifications

3.5

Note:
Note:

3.6

3.6.1

Power-on sequence

Table 7. Power-on sequence
A
vcc
Don'’t care
VDD_Dig
XTI Donteare [ [ ][] eereeenee [ ][] [eerereesersanees
Reset TR | TC
12C Don't care [ cmDo T CMD™ | Ch D2
PWDN Y e e
Where:

TR = minimum time between XTI master ¢!con <table and Reset removal: 1 ms
TC = minimum time between Reset remo 7al and 12C program, sequence start: 1msec
Clock stable means: fr, 4y - fyin < 1 MHz

No specific VCC and VDL _uire, turn—on sequence is required

Testing

Functional pin status

Table 8. Functional pin status
Pin name Pin # Logic value IC status
PWRDN 23 0 Low absorption
PWRDN 23 1 Normal operation
TWARN 20 0 From_ external power stage is indicated a temperature
warning
TWARN 20 1 Normal operation
Low absorption for power stage
EAPD 19 0 All internal regulators are switched off
EAPD 19 1 Normal operation

17/68
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Figure 4. Test circuit 1

OUTxY
4 Vce
(3/4)Vce
Low current dead time = MAX(DTr, DTf)
(1/2)Vee
(1/4)Vee
+Vee , \
»
L4
>—t Pr—¢ t
Duty cycle = 50% DTr DTf
LI [e=H
OuUTxY R8Q
INXY p—— —
Ms7 _| V67
vdc = Vcce/2
gnd
v

Figure 5. Test circuit 2

High Current Dead time for Bridge application = ABS(DTout(A)-DTin(A))+ABS(L "OUT(B)-DTin(B))
+Vee
Duty cycle=A Y - —— Duty cycle=B
v ey J DTout(A) v oy
I wee H4otor 1 1= oel:t» we|
DTin(A DTout(B; DTin(B;
® OUTA Rioad=4Q ® ouTB ®
INA —»— — —=— INB
— L67 10n L68 10p ——
lout=1.5A lout=1.5A
Ms7 (—mas C69 I L cro Q4| Me3
470nF == C71 470nF 470nF
Lty ¢ r«cie A and B: Fixed to have DC output current of 4A in the direction shown in figure D06AU1651
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STA335BWS Processing data paths

4 Processing data paths

Here after some pictures that represent the data processing paths inside STA335BWS. A
first 2x oversampling FIR filter allows a 2*fs audio processing. Then a selectable high pass
filter removes the DC level. 4 biquads filter allow a full equalization system. A final crossover
filter is present. This filter can eventually be used as a fifth biquad stage, see the 1°C
registers settings for this specific usage. A prescaler and a final post scaler allow a full
control over the signal dynamic respectively before and after the filtering stages. A mixer
function is also available.

Figure 6. STA335BWS processing data flow
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5.1.4
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I2C bus specification

The STA335BWS supports the 12C protocol via the input ports SCL and SDA_IN (master to
slave) and the output port SDA_OUT (slave to master). This protocol defines any device that
sends data on to the bus as a transmitter and any device that reads the data as a receiver.
The device that controls the data transfer is known as the master and the other as the slave.
The master always starts the transfer and provides the serial clock for synchronization.
STA335BWS is always a slave device in all of its communications. It supports up to 400 kb/s
(fast-mode bit rate). STA335BWS I°C is a slave only interface.

Communication protocol

Data transition or change

Data changes on the SDA line must only occur when the SCL clock is tovr. SDA transition
while the clock is high is used to identify a START or STOP conditicn.

Start condition

START is identified by a high to low transition of tho afta bus SDA signal while the clock
signal SCL is stable in the high state. A START o1 .qition must precede any command for
data transfer.

Stop condition

STOP is identified by low ‘o nich transition of the data bus SDA signal while the clock signal
SCL is stable in the hicti siate. A STOP condition terminates communication between
STA335BWS and the hus master.

Data inpu!

During \he data input the STA335BWS samples the SDA signal on the rising edge of clock
GCL. For correct device operation the SDA signal must be stable during the rising edge of
the clock and the data can change only when the SCL line is low.

Device addressing

To start communication between the master and the STA335BWS, the master must initiate
with a start condition. Following this, the master sends onto the SDA line 8-bits (MSB first)
corresponding to the device select address and read or write mode.

The seven most significant bits are the device address identifiers, corresponding to the 12C
bus definition. In the STA335BWS the 12C interface has two device addresses depending on
the SA port configuration, 0x38 when SA = 0, and 0x3A when SA = 1.

The eighth bit (LSB) identifies read or write operation RW, this bit is set to 1 in read mode
and 0 for write mode. After a START condition the STA335BWS identifies on the bus the
device address and if a match is found, it acknowledges the identification on SDA bus during
the 9th bit time. The byte following the device identification byte is the internal space
address.
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5.3

5.3.1

5.3.2

5.4

5.4.1

5.4.2

5.4.3

5.4.4

Write operation

Following the START condition the master sends a device select code with the RW bit set
to 0. The STA335BWS acknowledges this and the writes for the byte of internal address.
After receiving the internal byte address the STA335BWS again responds with an
acknowledgement.

Byte write
In the byte write mode the master sends one data byte, this is acknowledged by the
STA335BWS. The master then terminates the transfer by generating a STOP condition.

Multi-byte write

The multi-byte write modes can start from any internal address. The master gencraur.g a
STOP condition terminates the transfer.

Read operation

Current address byte read

Following the START condition the master sends ¢ Jdevice select code with the RW bit set
to 1. The STA335BWS acknowledges this and thcii responds by sending one byte of data.
The master then terminates the transfzi b, g 2nerating a STOP condition.

Current address multi-kvte read

The multi-byte read mocd2. car, start from any internal address. Sequential data bytes are
read from sequential 1adi =sses within the STA335BWS. The master acknowledges each
data byte read arc th=n generates a STOP condition terminating the transfer.

Random audress byte read

Fciiewing the START condition the master sends a device select code with the RW bit set
te L. The STA335BWS acknowledges this and then the master writes the internal address
vyte. After receiving, the internal byte address the STA335BWS again responds with an
acknowledgement. The master then initiates another START condition and sends the device
select code with the RW bit set to 1. The STA335BWS acknowledges this and then
responds by sending one byte of data. The master then terminates the transfer by
generating a STOP condition.

Random address multi-byte read

The multi-byte read modes could start from any internal address. Sequential data bytes are
read from sequential addresses within the STA335BWS. The master acknowledges each
data byte read and then generates a STOP condition terminating the transfer.
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STA335BWS

5.4.5

Figure 7.

Write mode sequence

Write mode sequence

ACK ACK ACK
BYTE ,—| | DEV-ADDR | | SUB-ADDR | | DATA IN | |_|
WRITE | I I I | I 1 | I I I | [ I I I | 1
START RW sTOP
ACK ACK ACK ACK
MULTIBYTE ,—| | DEV-ADDR | | SUB-ADDR | | DATAIN | | DATAIN | |_|
WRITE | I I I | I 1 | I I I | [ I I T N O | I I I | 1
START RW sTOP
5.4.6 Read mode sequence
Figure 8. Read mode sequence
ACK NO ACK
CURRENT | |
DEV-ADDR DATA T
A?"\’DES\%SS |_| | | N N I | | | | | | N I Y I | | m
START RW STOP
ACK ACK ACK N7, 2K
)
vt |_| | DEV-ADDR | | SUB-ADDR | | |_| | DEV-ADDR | | | | DATA K |.||J:’
READ | N I N | = Il | N I Y I | | I T | | [ T IS |
START RW START RW STOP
El‘g; ACK ACK ACK NO ACK
ey |_| | DEV-ADDR | | | | DATA | | | DATA ] | T T
READ Ll ly Ll ! [ R I A B
START STOP
ACK ACK ACK ACK ACK NO ACK
SEQUENTIAL | | _ | | | I
DEV-ADDR SUB-ADDR DEV-ADDK DATA DATA DATA
RQ’E‘?«SM |_||IIIIII=I|IIIIIII||_||IIIII.|T||IIIIIII|| Illllllllllﬂ
START RW START RW STOP
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6 Register description

Table 9. Register summary
Addr | Name D7 D6 D5 D4 D3 D2 D1 DO
0x00 | ConfA | FDRB | TWAB | TWRB IR1 IRO MCS2 | MCS1 | MCSO
0x01 | ConfB | C2IM | C1IM | DSCKE | SAIFB | SAI3 SAI2 SAI SAIO
0x02 | ConfC | OCRB cszza | csze | cszi cszo | omi oMo
0x03 | ConfD | MME | zDE DRC BQL PSL DSPB | DEMP | HPB
0x04 | ConfE SVE ZCE | DCCV | PWMS | AME | NSBW | MPC | MPCV
0x05 | ConfF | EAPD | PWDN | ECLE | LDTE | BCLE IDE | OCFG1 | GOFGO
0x06 | Mute/LOC | LOC1 | LOCO C3Mm CaM cM | MMute
0x07 |  Mvol MV7 MV6 MV5 MV4 MV3 MV2 | v MVO
ox08 | Civol | Civz | cive | civs | civa | civa | ova | civi | civo
0x09 | C2vol | C2v7 | cave | cavs cav4 cava | cav2 | cavi | cavo
Ox0A | C3Vol | C3v7 | C3ve | Cavs Cc3v4 c33 | C3v2 | Cavi | C3vo
0x0B | Autol AMGC1 | AMGCO | \
0x0C | Auto2 X03 X02 XO1 QU | AMAM2 | AMAM1 | AMAMO | AMAME
0x0D Auto3 1_ )~
OXOE | CiCfg | C1OM1 | C1OM0 | C1LS1 | CILSO | C1BO | C1VBP | G1EQBP| C1TCB
OXOF | C2Cfg | CoOM1 | C20M0 | (2.1 | C2LS0 | C2BO | C2VBP | C2EQBP | C2TCB
0x10 | C3Cfg | C30M1 | C30MO | C3LS1 | C3LS0 | C3BO | C3VBP
ox11 | Tone TTC3 | Trc2 | TTC TTCOo | BTC3 | BTC2 | BTC1 | BTCO
ox12 | Liar L1A2 | L1A2 | L1A1 L1AO L1R3 L1R2 | LIR1 | L1RO
0x13 | Liatt | L1AT3 | L1AT2 | L1AT1 | L1ATO | L1RT3 | L1RT2 | L1RT1 | L1RTO
ox14 | _;“_"— L2A3 | L2A2 L2A1 L2A0 L2R3 L2R2 | L2R1 | L2RO
OX1E | L2att | L2AT3 | L2AT2 | L2AT1 | L2ATO | L2RT3 | L2RT2 | L2RT1 | L2RTO

| w5 | Claddr CFA5 | CFA4 | CFA3 CFA2 | CFA1 | CFAO
0x17 | BicH | C1B23 | C1B22 | C1B21 | C1B20 | CiB19 | CiB18 | Ci1B17 | C1B16
0x18 | Bic2 | C1B15 | C1B14 | C1B13 | CiB12 | CiB11 | CiB10 | C1B9 | C1BS
ox19 | Bicf3 | ciB7 | CciB6 | CiB5 | CiB4 | CiB3 | CiB2 | CiB1 | CiBO
Ox1A | B2cH | C2B23 | C2B22 | C2B21 | C2B20 | C2B19 | C2B18 | C2B17 | C2Bi6
0x1B | B2cf2 | C2B15 | C2B14 | C2B13 | C2B12 | C2B11 | C2B10 | C2B9 | C2B8
0x1C | B2cf3 | C2B7 | C2B6 | C2B5 | C2B4 | C2B3 | C2B2 | C2B1 | GC2BO
ox1D | Afcfl | C3B23 | C3B22 | C3B21 | C3B20 | C3B19 | C3B18 | C3B17 | C3B16
Ox1E | Alcf2 | C3B15 | C3B14 | C3B13 | C3B12 | C3B11 | C3B10 | C3B9 | C3B8
OxIF | Alcf3 | C3B7 | C3B6 | C3B5 | C3B4 | C3B3 | C3B2 | C3B1 | C3BO
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Table 9. Register summary (continued)

Addr | Name D7 D6 D5 D4 D3 D2 D1 DO
0x20 | A2cH | C4B23 | C4B22 | C4B21 | C4B20 | C4B19 | C4B18 | C4B17 | C4B16
0x21 | A2cf2 | C4B15 | C4B14 | C4B13 | C4B12 | C4B11 | C4B10 | C4B9 | C4BS
0x22 | A2cf3 | C4B7 | C4B6 | C4B5 | C4B4 | C4B3 | C4B2 | C4B1 | C4BO
0x23 | BOcH | C5B23 | C5B22 | C5B21 | C5B20 | C5B19 | C5B18 | C5B17 | C5B16
0x24 | BOcf2 | C5B15 | C5B14 | C5B13 | C5B12 | C5B11 | C5B10 | C5B9 | C5B8
0x25 | BOcf3 | C5B7 | C5B6 | C5B5 | C5B4 | C5B3 | C5B2 | C5B1 | C5B0
0x26 | Cfud RA R1 WA W1
0x27 | MPCC1 | MPCC15 | MPCC14 | MPCC13 | MPCC12 | MPCC11 | MPCC10 | MPCCo | MPCCs
0x28 | MPCC2 | MPCC7 | MPCC6 | MPCC5 | MPCC4 | MPCC3 | MPCC2 | MPCG* | MPCCO |
0x29 | DCC1 | DCC15 | DCC14 | DCC13 | DCc12 | DCC11 | DCC10 | Decy | DCCs
Ox2A | DCC2 | DCC7 | DCCe | DCCs | DCC4 | DCC3 | DCCz | DCC1 | DCCO
0x2B | FDRC1 | FDRC15 | FDRC14 | FDRC13 | FDRC12 | FDRC11 | FORC10 | FDRC9 | FDRC8
0x2C | FDRC2 | FDRC7 | FDRC6 | FDRC5 | FDRC4 | FDRC2 | FDRC2 | FDRC1 | FDRCO
0x2D | Status | PLLUL | FAULT | UVFAULT | OVFAULT | D3FAULT | OCWARN | TFAULT | TWARN
OX2E | reserved ROIBACT | RSBAGT | RABACT | RSBACT | R2BACT | R1BACT
Ox2F | reserved RO1BEND J:é.?F_WD R4BEND | R3BEND | R2BEND | R1BEND
0x30 | reserved REBBAD | R4BBAD | R3BBAD | R2BBAD | R1BBAD
0x31 | EQCFG | XOB AMGC3 | AMGC2 | reserved | SEL1 | SELO
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6.1

6.1.1

Configuration register A (addr 0x00)

D7 D6 D5 D4 D3 D2 D1 DO
FDRB TWAB TWRB IR1 IRO MCS2 MCS1 MCS0
0 1 1 0 0 0 1 1

Master clock select

Bit R/W RST Name Description
0 R/W 1 MCSO0
. . 2 on
1 R/W ] MCS1 Selects the ratio between the input IS sample
frequency and the input clock.
2 R/W 0 MCS2

The STA335BWS supports sample rates of 32 kHz, 44.1 kHz, 48 kHz, Q€ 2 <riz, 96 kHz,
176.4 kHz, and 192 kHz. Therefore the internal clock is:

e 32.768 MHz for 32 kHz
e 451584 MHz for 44.1 kHz, 88.2 kHz, and 176.4 kHz
e 49.152 MHz for 48 kHz, 96 kHz, and 192 kHz

The external clock frequency provided to the XT! pir 1iust be a multiple of the input sample
frequency (fs).

The relationship between the input clock ar o the input sample rate is determined by both
the MCSx and the IR (input rate) regis.ci bits. The MCSx bits determine the PLL factor
generating the internal clock and the IR bit determines the oversampling ratio used
internally

Table 10. Input sa1arling rates

Input samg'e raie
L\ IR MCS[2:0)
13 \KhZ)
101 100 011 010 001 000
32,44.1, 48 00 576fs 128fs 256fs 384fs | 512fs 768fs
88.2, 96 01 NA 64fs 128fs 192fs | 256fs 384fs
176.4, 192 1X NA 32fs 64fs 96fs 128fs 192fs
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6.1.2

6.1.3

26/68

Interpolation ratio select

Bit R/W RST Name Description

; ; ; ; ; 2
43 RIW 00 IR[1:0) Selects internal interpolation ratio based on input 1S

sample frequency

The STA335BWS has variable interpolation (oversampling) settings such that internal
processing and DDX output rates remain consistent. The first processing block interpolates
by either 2 times or 1 time (pass-through) or provides a 2 times downsample. The
oversampling ratio of this interpolation is determined by the IR bits.

Table 11. IR bit settings as a function of input sample rate

Input sample rate Fs (kHz) IR 1st stage interpolation ratio
32 00 2 times oversampling \
441 00 2 times oversem_pl:g_
48 00 2 timeo cve':f:r’r;pling
88.2 01 Fass-through
96 01 "~ Pass-through
176.4 10 \V/ 2 times downsampling
192 10 \( > )i 2 times downsampling

Thermal warning recovery hypass

Bit R/W | RST -L Name Description

0: Thermal warning recovery enabled
5 RW | TWRB v !g very .
| 1: Thermal warning recovery disabled

If the tzrmal warning adjustment is enabled (TWAB = 0), then the thermal warning
re :cvery determines if the -3 dB output limit is removed when thermal warning is negative.

If TIWRB = 0 and TWAB = 0, then when a thermal warning disappears the -3 dB output limit
is removed and the gain is added back to the system. If TWRB = 1 and TWAB = 0, then
when a thermal warning disappears the -3 dB output limit remains until TWRB is changed to
zero or the device is reset.
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6.1.4

6.1.5

6.2

6.2.1

Thermal warning adjustment bypass

Bit R/W RST Name Description

0: Thermal warning adjustment enabled

R 1 TWAB
6 W 1: Thermal warning adjustment disabled

The on-chip STA335BWS power output block provides feedback to the digital controller
using inputs to the power control block. The TWARN input is used to indicate a thermal
warning condition. When TWARN is asserted (set to 0) for a period of time greater than
400 ms, the power control block forces a -3 dB output limit (determined by TWOCL in the
coefficient RAM) to the modulation limit in an attempt to eliminate the thermal warning
condition. Once the thermal warning output limit adjustment is applied, it remains in this
state until reset, unless FDRB = 0.

Fault detect recovery bypass

Bit R/W RST Name Coscrniplion

7 R/W 0 FDRB 0: fault detect rccovery enabled

1: fault detac: recovery disabled

The on-chip STA335BWS power output block nroviacs feedback to the digital controller
using inputs to the power control block. The FACULI input is used to indicate a fault condition
(either over-current or thermal). Wher F~U'? is asserted (set to 0), the power control block
attempts a recovery from the fault by «.<<erting the tri-state output (setting it to 0 which
directs the power output bloch o begin recovery), holds it at 0 for period of time in the range
of 0.1 ms to 1 s as defined tw the fault-detect recovery constant register (FDRC registers
0x29, 0x2A), then togoles * back to 1. This sequence is repeated as log as the fault
indication exists. This ‘esiture is enabled by default but can be bypassed by setting the
FDRB control bii (o 1.

Ceonfiguration register B (addr 0x01)

D7 D6 D5 D4 D3 D2 D1 DO
c2IM C1lM DSCKE SAIFB SAI3 SAI2 SAl1 SAIO
1 0 0 0 0 0 0 0

Serial audio input interface format

Bit R/W RST Name Description
0 R/W 0 SAl0
! RIW 0 SAI Determines the interface format of the input serial
2 R/W 0 SAI2 digital audio interface.
3 R/W 0 SAI3
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6.2.2

6.2.3

28/68

Serial data interface

The STA335BWS audio serial input was designed to interface with standard digital audio
components and to accept a number of serial data formats. STA335BWS always acts a
slave when receiving audio input from standard digital audio components. Serial data for two
channels is provided using three inputs: left/right clock LRCKI, serial clock BICKI, and serial
data 1 and 2 SDI12.

The SAl register (configuration register B (0x01), bits D3 to DO) and the SAIFB register
(configuration register B (0x01), bit D4) are used to specify the serial data format. The
default serial data format is [2S, MSB-first. Available formats are shown in the tables and
figure that follow.

Serial data first bit

SAIFB Format
0 MSB-first
1 LSB-first
Table 12. Support serial audio input formats for MS&E-first (SAIFB = 0)
BICKI SAI [3:0] SAIFB Interface format

0000 0 1\?5 15-bit data

32fs aN
0001 9] Left/right-justified 16-bit data
0000 0 1S 16 to 23-bit data
cuni 0 Left-justified 16 to 24-bit data

i c210 0 Right-justified 24-bit data

48fs =
0110 0 Right-justified 20-bit data
1010 0 Right-justified 18-bit data
1110 0 Right-justified 16-bit data

] 0000 0 1S 16 to 24-bit data

0001 0 Left-justified 16 to 24-bit data
0010 0 Right-justified 24-bit data

64fs
0110 0 Right-justified 20-bit data
1010 0 Right-justified 18-bit data
1110 0 Right-justified 16-bit data
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6.2.4

Table 13. Supported serial audio input formats for LSB-first (SAIFB = 1)
BICKI SAI [3:0] SAIFB Interface Format
1100 1 I°S 15-bit data
32fs
1110 1 Left/right-justified 16-bit data
0100 1 1S 23-bit data
0100 1 1S 20-bit data
1000 1 1S 18-bit data
1100 1 LSB first IS 16-bit data
0001 1 Left-justified 24-bit data
0101 1 Left-justified 20-bit data
48fs " e
1001 1 Left-justified 18-bit data
1101 1 Left-justified 16-bit data
0010 1 Right-justified 24-bit 1an_
0110 1 Right-justified 25-bit data
1010 1 Right-j1-si“ied 18-bit data
1110 1 Rich -i.stified 16-bit data
0000 1 1\°5 24-bit data
0100 1 |1Ps 20-bit data
1000 e IS 18-bit data
1100 1 LSB first I°S 16-bit data
L oot 1 Left-justified 24-bit data
sas L 0101 1 Left-justified 20-bit data
1001 1 Left-justified 18-bit data
1101 1 Left-justified 16-bit data
; 0010 1 Right-justified 24-bit data
0110 1 Right-justified 20-bit data
1010 1 Right-justified 18-bit data
1110 1 Right-justified 16-bit data

Delay serial clock enable

Bit R/W RST Name Description
0: No serial clock delay

5 R/W 0 DSCKE 1: Serial clock delay by 1 core clock cycle to tolerate
anomalies in some 12S master devices
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6.2.5

6.3

6.3.1
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Channel input mapping

Bit R/W RST Name Description

0: Processing channel 1 receives Left 1S Input

6 R/W 0 C1IM
1: Processing channel 1 receives Right 1°S Input

0: Processing channel 2 receives Left 1S Input

7 R/W 1 C2IM
1: Processing channel 2 receives Right 1°S Input

Each channel received via I2S can be mapped to any internal processing channel via the
Channel Input Mapping registers. This allows for flexibility in processing. The default
settings of these registers map each I2S input channel to its corresponding processing
channel.

Configuration register C (addr 0x02)

D7 D6 D5 D4 D3 Dz D1 DO
OCRB Reserved CSz3 CSz2 CSsz1 ‘ C320 OoM1 oMo
1 0 1 0 T 1 1 1

DDX power output mode

Bit R/W RST Name Description
0 R/W 1 OMO
- B Selects configuration of DDX output.
1 R/W 1 o OMA1

The DDX power outp.it mode selects how the DDX output timing is configured.

Different povrer uevices use different output modes.

Takle 1.\.  Output modes

i OM[1,0] Output stage mode
00 Drop compensation
01 Discrete output stage - tapered compensation
10 Full power mode
11 Variable drop compensation (CSZx bits)
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6.3.2

6.3.3

6.4

6.4.1

DDX compensating pulse size register

Bit R/W RST Name Description
2 R/W 1 CSzo
3 R/W 0 CSz1 When OM[1,0] = 11, this register determines the
size of the DDX compensating pulse from 0 clock
4 R/W 1 CSsz2 ticks to 15 clock periods.
5 R/W 0 CSz3
Table 15. Compensating pulse size
CSZ[3:0] Compensating Pulse Size

0000 0 ns (0 tick) compensating pulse size

0001 20 ns (1 tick) clock period compensating pulse size

1111 300 ns (15 ticks) clock period compensating pi'lsc¢ sj;e_ B

Over-current warning detect adjustment bygass

Name ‘

Bit R/W RST Description
p) y . .

- RW 1 OCRB C: Over-Current warn!ng Ad!ustment ehabled
’ 1: Over-Current warning Adjustment disabled

The OCWARN input is us=d io i1 dicate an over-current warning condition. When OCWARN
is asserted (set to 0), the: Loveer control block forces an adjustment to the modulation limit
(default is -3 dB) in ar. attempt to eliminate the over-current warning condition. Once the
over-current war:.ir.a volume adjustment is applied, it remains in this state until reset is
applied. The ie 0! of adjustment can be changed via the TWOCL (thermal warning/over
currert nmt) setting which is address 0x37 of the user defined coefficient RAM.

 onfiguration register D (addr 0x03)

D7 D6 D5 D4 D3 D2 D1 DO
MME ZDE DRC BQL PSL DSPB DEMP HPB
0 1 0 0 0 0 0 0
High-pass filter bypass
Bit R/W RST Name Description
0 RW 0 HPB S.ettlng of one bypasses internal AC coupling digital
high-pass filter

The STA335BWS features an internal digital high-pass filter for the purpose of AC coupling.
The purpose of this filter is to prevent DC signals from passing through a DDX amplifier. DC
signals can cause speaker damage. When HPB = 0, this filter is enabled.
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6.4.2 De-emphasis

Bit R/W RST Name Description

0: No de-emphasis

1 R/W 0 DEMP
1: De-emphasis

Setting the DEMP bit enables de-emphasis on all channels

6.4.3 DSP bypass

Bit R/W RST Name Description

0: Normal operation
1: Bypass of biquad and bass/treble fun-ticnality

2 R/W 0 DSPB

Setting the DSPB bit bypasses the EQ functionality of the STA335BWS.

6.4.4 Post-scale link

Bit R/W RST Name Description

0: e~k channel uses individual post-scale value
| 1+ Cach channel uses channel 1 post-scale value

3 R/W 0 PSL

Post-scale functionality can be used fo, power-supply error correction. For multi-channel
applications running off the saine power-supply, the post-scale values can be linked to the
value of channel 1 for eas= ¢t I1s2 and update the values faster.

6.4.5 Biquad coefficient link

T
Bit ' RW RST Name Description

] 0: Each channel uses coefficient values
1\ R/W 0 BQL . clent v u. .
| 1: Each channel uses channel 1 coefficient values

For ease of use, all channels can use the biquad coefficients loaded into the Channel 1
Coefficient RAM space by setting the BQL bit to 1. Therefore, any EQ updates only have to
be performed once.

4
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6.4.6

6.4.7

6.4.8

6.5

6.5.1

Dynamic range compression/anti-clipping bit

Bit R/W RST Name Description
5 R/W 0 DRC 0: L?miters act ?n anti-clipping mode .
1: Limiters act in dynamic range compression mode

Both limiters can be used in one of two ways, anti-clipping or dynamic range compression.
When used in anti-clipping mode the limiter threshold values are constant and dependent on
the limiter settings. In dynamic range compression mode the limiter threshold values vary
with the volume settings allowing a nighttime listening mode that provides a reduction in the
dynamic range regardless of the volume level.

Zero-detect mute enable

Bit R/W RST Name Descriptic.n

6 R/W 1 ZDE Setting of 1 enables the a ito natic zero-detect mute

Setting the ZDE bit enables the zero-detect automatic mute. Tie zero-detect circuit looks at
the data for each processing channel at the output of ti-e ~rossover (bass management)
filter. If any channel receives 2048 consecutive zeia vaiue samples (regardless of fs) then
that individual channel is muted if this function i< eacbled.

Miami Mode ™ enable

Bit R/W RST Maine Description
\ 0: Sub Mix into Left/Right Disabled
7 R | MME
W 0 | 1: Sub Mix into Left/Right Enabled

Ceontfiguration register E (addr 0x04)

D7 D6 D5 D4 D3 D2 D1 DO
SVE ZCE DCCV PWMS AME NSBW MPC MPCV
1 1 0 0 0 0 1 0

Max power correction variable

Bit R/W RST Name Description
0: Use standard MPC coefficient
R MPCV
0 w 0 C 1: Use MPCC bits for MPC coefficient
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6.5.2 Max power correction
Bit R/W RST Name Description
1 RIW 1 MPC Setting of 1 .enables Powgr Bridge correction for
THD reduction near maximum power output.

Setting the MPC bit turns on special processing that corrects the STA335BWS power device
at high power. This mode should lower the THD+N of a full DDX system at maximum power
output and slightly below. If enabled, MPC is operational in all output modes except tapered
(OM[1,0] = 01) and binary. When OCFG = 00, MPC will not effect channels 3 and 4, the
line-out channels.

6.5.3 Noise-shaper bandwidth selection

Bit R/W | RST Name Description

1: Third order NS

2 R/W NSBW
/ 0 S 0: Fourth order NS

6.5.4 AM mode enable

Bit R/W RST Name ’ Description

—B Normal DDX operation.

3 R/W 0 AME
‘ 1: AM reduction mode DDX operation

STA335BWS features a DDx rrccessing mode that minimizes the amount of noise
generated in frequency rangc of AM radio. This mode is intended for use when DDX is
operating in a deice vun an AM tuner active. The SNR of the DDX processing is reduced to
~83 dB in thic n oag, which is still greater than the SNR of AM radio.

6.5.5 PWM speed mode

I Bit R/W RST Name Description

0: Normal speed (384 kHz) all channels
4 R/W 0 PWMS
1: Odd speed (341.3 kHz) all channels

6.5.6 Distortion compensation variable enable

Bit R/W RST Name Description

0: Uses preset DC coefficient

5 R/W 0 DCCV 1: Uses DCC coefficient

4
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6.5.7 Zero-crossing volume enable
Bit R/W | RST Name Description
1: Volume adjustments only occur at digital
6 R/W 1 ZCE zero-crossings
0: Volume adjustments occur immediately
The ZCE bit enables zero-crossing volume adjustments. When volume is adjusted on digital
zero-crossings no clicks are audible.
6.5.8 Soft volume update enable
Bit R/W RST Name Description
: - TRV, WY, P eTIe
2 RW 1 SVE 1: Volume ad!ustments ramp allcco.dl.ng ¢ SVR settings
0: Volume adjustments occur immr ea’a.cly
6.6 Configuration register F (addr 0x05)
D7 D6 D5 D4 e D2 D1 Do
EAPD PWDN ECLE LDTS |  BCLE IDE OCFG1 OCFGO
0 1 0 1 1 1 0 0
6.6.1 Output configuration
Bit | RW | RET | Name Description
o | RW [ 0 OCFGO
—— Selects the output configuration
1 RW 0 OCFG1
Take 16.  Output configuration engine selection
| OCFG[1:0] Output configuration Config pin
2 channel (full-bridge) power, 2 channel data-out:
1A/1B - 1A/1B
2A/2B — 2A/2B
00 A/2B = oA 0
LineOut1 — 3A/3B
LineOut2 — 4A/4B
Line Out Configuration determined by LOC register
2 (half-bridge), 1 (full-bridge) on-board power:
1A —» 1A, Binary 0°
01 2A — 1B, Binary 90° 0
3A/3B — 2A/2B, Binary 45°
1A/B — 3A/B, Binary 0°
2A/B — 4A/B, Binary 90°
'S7i 35/68
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Table 16. Output configuration engine selection (continued)
OCFG[1:0] Output configuration Config pin
2 channel (full-bridge) power, 1 channel DDX:
1A/1B - 1A/1B
10 2A/2B — 2A/2B 0
3A/3B — 3A/3B
EAPDEXT and TWARNEXT Active
1 channel mono-parallel:
3A — 1A/1B, w/ C3BO 45°
11 3B — 2A/2B, w/ C3BO 45° 1
1A/1B — 3A/3B
2A/2B — 4A/4B
Note: To the left of the arrow is the processing channel. When using channel output mepping, any
of the three processing channel outputs can be used for any of the thre:x inputs.
Figure 9. OCFG = 00 (default value) Figure 10. OCFG=vu'
OUTIA ¥
Bridge b \
N | Half Channel 1
it —\4’:’[Q ! [ Bride | |ouTia
o
ouT2A B‘:‘d‘; e Channel 2
Bridge
Channel 2
[[ Half OUT2A
Bridge OUT2B Bridge
Channel 3
OUT3. [ 7 7 LineOut 1 P
OU—I,‘ELl ~PF I Bridge OUT2B
OUT4A LineOut 2
UT4B LPF
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Figure 11.
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Bridge
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Bridge
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Half
Bridge
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OUT3B

Channel 1

OUT4A
OUT4B
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STA335BWS can be configured to support different output coriiqurctions. For each PWM
output channel a PWM slot is defined. The PWM slot always hes a time duration of 1/(8 * Fs)
seconds. The PWM slot defines the maximum extension e, PWM rising and falling edges,
that is, rising edge as far as the falling edge cannct raing= outside PWM slot boundaries.

Figure 12. STA335BWS output mapping schorae

DD 1A, O
DDX. >
RDX.

DDX2A,

DDX2B,
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DDX3B
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For each configuration the PWM from the digital driver are mapped in different way to the
power stage:

2.0 channels, two full bridges (OCFG = 00):

DDX1A 'OUT1A
DDX1B'OUT1B
DDX2A ' OUT2A
DDX2B ' OUT2B
DDX3A ' OUT3A
DDX3B ' OUT3B
DDX4A ' OUT4A
DDX4B ' OUT4B

DDX1A/1B configured as ternary
DDX2A/2B configured as ternary
DDX3A/3B configured as line-out ternary
DDX4A/4B configured as line-out ternary

On channel 3 line out (LOC bits = 00) the same data as chani <l 1 processing are sent. On
channel 4 line out (LOC bits = 00) the same data as charrcl 2 processing are sent. In this

configuration, no volume control or EQ have effect o1 -h=nnel 3 and 4.

In this configuration the PWM slot phase is the 1»llowing as shown in the next figures.

Figure 13. 2.0 channels (OCFG = "J0) >\¥YM slots

OUTIA

OUTIB !
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OUT4A

OUT4B
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2.1 channels, two half bridges + one full bridge (OCFG = 01):
DDX1A 'OUT1A

DDX2A ' OUT1B

DDX3A ' OUT2A

DDX3B ' OUT2B

DDX1A 'OUT3A

DDX1B ' OUT3B

DDX2A ' OUT4A

DDX2B ' OUT4B

DDX1A/1B configured as binary
DDX2A/2B configured as binary
DDX3A/3B configured as binary
DDX4A/4B is not used

In this configuration, channel 3 has full control (for example, on volum¢ and EQ). On
OUT3/0OUT4 channels the channel 1 and channel 2 PWM are repiicat:a.

In this configuration the PWM slot phase is the following as st.swn in the next figures:

Figure 14. 2.1 channels (OCFG = 01) PWM slcts

OUTI1A __
OUTIB L

OUT3B Ij
| o T L | ||

OUT4B Ij
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2.1 channels, two fullbridge + one external full bridge (OCFG = 10):
DDX1A 'OUT1A

DDX1B ' OUT1B

DDX2A ' OUT2A

DDX2B ' OUT2B

DDX3A ' OUT3A

DDX3B ' OUT3B

EAPD ' OUT4A

TWARN OUT4B

DDX1A/1B configured as ternary
DDX2A/2B configured as ternary
DDX3A/3B configured as ternary
DDX4A/4B is not used

In this configuration, channel 3 has full control (volume, EQ, etc...). O CU74 channel the
external bridge control signals are muxed.

In this configuration the PWM slot phase is the following as st.swn in the next figures:

Figure 15. 2.1 channels (OCFG = 10) PWM slcts

_— )
oC
ooms| L]

oum| 7 [ [
ovran ] ]

oms[ ] [
| o] | ]

3.0z Invalid input detect mute enable
Bit R/W RST Name Description
5 RIW 1 IDE Setting of 1 enables the automatic invalid input
detect mute

Setting the IDE bit enables this function, which looks at the input IS data and will
automatically mute if the signals are perceived as invalid.

4
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6.6.3

6.6.4

6.6.5

6.6.6

6.€.7

Binary output mode clock loss detection

Bit R/W RST Name Description

3 R/W 1 BCLE Binary output mode clock loss detection enable

Detects loss of input MCLK in binary mode and will output 50% duty cycle.

LRCK double trigger protection

Bit R/W RST Name Description

4 R/W 1 LDTE LRCLK double trigger protection enable

Actively prevents double trigger of LRCLK.

Auto EAPD on clock loss

Bit R/W RST Name Tsescription

5 R/W 0 ECLE Auto EAPD ¢n clock loss

When active, issues a power device power dowi s'gaal (EAPD) on clock loss detection.

IC power down

Bit R/W RST ’ Name Description
7 R/W 5 i PWDN 0: IC power down Io.w-power condition
| 1: 1C normal operation
(W

The PWDN. ieg'ster is used to place the IC in a low-power state. When PWDN is written
as 0, ine ou'put begins a soft-mute. After the mute condition is reached, EAPD is asserted
to zowe: down the power-stage, then the master clock to all internal hardware expect the
2 . A . .

1-C kiock is gated. This places the IC in a very low power consumption state.

External amplifier power down

Bit R/W RST Name Description

0: External power stage power down active

7 R/W 0 EAPD .
1: Normal operation

The EAPD register directly disables/enables the internal power circuitry.

When EAPD = 0, the internal power section is placed on a low-power state (disabled). This
register also controls the DDX4B/EAPD output pin when OCFG = 10.
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6.7.1

6.7.2

6.7.3

6.7.4
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Volume control registers (addr 0x06 to 0x0A)

Mute/line output configuration register

D7 D6 D5 D4 D3 D2 D1 Do
LOC1 Loco Reserved C3Mm c2Mm CiM MMUTE
0 0 0 0 0 0
LOC[1:0] Line output configuration
00 Line output fixed - no volume, no EQ
01 Line output variable - CH3 volume effects line output, no EQ
10 Line output variable with EQ - CH3 volume effects line output

Line output is only active when OCFG = 00. In this case LOC determinss ti € lirie output
configuration. The source of the line output is always the channel 1 anJ 2 i=puts.

Master volume register

D7 D6 D5 D4 D& D2 D1 DO
MV7 MV6 MV5 MV4 n'3 MV2 MVA1 MVO
-~
1 1 1 1 A 1 1 1 1
Channel 1 volume
D7 D6 Lo D4 D3 D2 D1 DO
C1v7 C1vVe L W\5 C1v4 Cc1v3 Cc1v2 civi C1Vo
0 ‘ | 1 0 0 0 0 0
Charin 2 volume
7 D6 D5 D4 D3 D2 D1 DO
\ cav7 C2Vve C2Vv5 C2v4 Cc2v3 cav2 cav1i Cc2vo

0
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6.7.5 Channel 3 and line-output volume
D7 D6 D5 D4 D3 D2 D1 DO
C3v7 C3V6 C3V5 C3Vv4 C3Vv3 C3v2 C3V1 C3V0
0 1 1 0 0 0 0 0

The Volume structure of the STA335BWS consists of individual volume registers for each
channel and a master volume register that provides an offset to each channels volume
setting. The individual channel volumes are adjustable in 0.5 dB steps from +48 dB

to -80 dB.

As an example if C3V = 0x00 or +48 dB and MV = 0x18 or -12 dB, then the total gain for
channel 3 = +36 dB.

The Master Mute when set to 1 mutes all channels at once, whereas the individuval chaanel
mutes (CxM) mutes only that channel. Both the master mute and the channel i it2s srovide
a “soft” mute with the volume ramping down to mute in 4096 samples from tt.e maximum
volume setting at the internal processing rate (~96 kHz).

A “hard mute” can be obtained by commanding a value of all 1’s /2:5) to any channel
volume register or the master volume register. When volume »ffse.s are provided via the
master volume register any channel that whose total volurie is less than -80 dB is muted.

All changes in volume take place at zero-crossinga vibar. ZCE = 1 (configuration register F)
on a per channel basis as this creates the smocinact possible volume transitions. When
ZCE = 0, volume updates occur immediatel

Table 17. Master volume offset ax a iunction of MV[7:0]
|
MV[7:0] | Volume offset from channel value
00000000 (0x00) ' 0dB
00000001 (OxC1, -0.5dB
00000Z*L ((/x02) -1 dB
. 01001100 (0x4C) -38 dB
X\
11111110 (OxFE) -127.5dB

11111111 (OxFF) Hard master mute

Table 18. Channel volume as a function of CxV[7:0]
CxV[7:0] Volume
00000000 (0x00) +48 dB
00000001 (0x01) +47.5 dB
00000010 (0x02) +47 dB
01011111 (Ox5F) +0.5 dB
01100000 (0x60) 0dB
01100001 (0x61) -0.5dB
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6.8.2
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Table 18. Channel volume as a function of CxV[7:0] (continued)
CxV[7:0] Volume
11010111 (0xD7) -59.5 dB
11011000 (0xD8) -60 dB
11011001 (0xD9) -61 dB
11011010 (OxDA) -62 dB
11101100 (OXEC) -80 dB

11101101 (OXED)

Hard channel mute

11111111 (OxFF)

Hard channel mute

Auto mode registers (addr 0x0B and 0x0()

Automode register 1 (address 0x0B)

AMGCI[1:0], in conjunction with AMGC[3:2!] 1ciined in register 0x31, defines anti-clipping
and DRC presets. Using AMGCI[3:0] hits, ettuck and release thresholds and rates are
automatically configured to properly fi: arplication specific configuration.

D7 D6 DE D4 D3 D2 D1 Do
Reserved l _A.."—GC1_ AMGC2 Reserved
- ‘ox 0 0
A Y
Table 19. = AunwcMode gain compression/limiters selection
AMGC[1:0] Mode
; 00 User programmable GC
01 AC no clipping 2.1
10 AC limited clipping (10%) 2.1
11 DRC nighttime listening mode 2.1
AutoMode register 2 (address 0x0C)
D7 D6 D5 D4 D3 D2 D1 Do
X03 X02 XO1 X00 AMAM2 AMAM!1 AMAMO AMAME
0 0 0 0 0 0 0 0
[S7]
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6.8.3 AM interference frequency switching
Bit R/W RST Name Description
AutoMode AM Enable
0 R/W 0 AMAME 0: Switching frequency determined by PWMS setting
1: Switching frequency determined by AMAM settings
Table 20. AutoMode AM switching frequency selection
AMAM[2:0] 48 kHz/96 kHz Input Fs 44.1 kHz/88.2 kHz Input Fs
000 0.535 MHz - 0.720 MHz 0.535 MHz - 0.670 MHz
001 0.721 MHz - 0.900 MHz 0.671 MHz - 0.800 MHz
010 0.901 MHz - 1.100 MHz 0.801 MHz- 1.00) MKz |
011 1.101 MHz - 1.300 MHz 1,001 Mi4z - 1150 MHz
100 1.301 MHz - 1.480 MHz 1.181 ?1.;1_-'1 .340 MHz
101 1.481 MHz - 1.600 MHz 541 MHz - 1.500 MHz
110 1.601 MHz - 1.700 MHz 1.501 MHz - 1.700 MHz
6.8.4 Bass management crossover
Bit R/W RST Name T Description
4 R/W 0 X00
(— Selects the bass-management crossover frequency.
S R/W 0 ; XO1 A 1st-order hi-pass filter (channels 1 and 2) or a
6 R/W ¢ | xo2 2nd-order lo-pass filter (channel 3) at the selected
-— frequency is performed.
7 RW. ! v X03
Table 21. Bass management crossover frequency
! XO0[3:0] Crossover frequency
I~ 0000 User-Defined
0001 80 Hz
0010 100 Hz
0011 120 Hz
0100 140 Hz
0101 160 Hz
0110 180 Hz
0111 200 Hz
1000 220 Hz
1001 240 Hz
1010 260 Hz
1011 280 Hz
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Table 21. Bass management crossover frequency (continued)

XO0[3:0] Crossover frequency
1100 300 Hz
1101 320 Hz
1110 340 Hz
1111 360 Hz
6.9 Channel configuration registers (addr 0x0E to 0x10)
D7 D6 D5 D4 D3 D2 D1 DL
c1omi C10MO CiLS1 C1LS0 C1BO C1VPB C1EQBP \ ciTCB
0 0 0 0 0 0 0 ‘ 0
D7 D6 D5 D4 D3 D2 D1 DO
C20M1 C20M0 caLst C2LS0 C2BO c2vB |  C2EQBP C2TCB
0 1 0 0 0 0 | 0 0
D7 D6 D5 D4 L3 D2 D1 Do
C30M1 C30Mo C3LST caLso | G3aC C3VPB Reserved
1 0 0 0 o 0
6.9.1 Tone control bypass

Tone control (bass/treble) citr he bypassed on a per channel basis for channels 1 and 2.
CxTCB:
0: Perform tone cor.trol on channel X (normal operation)

1: Bypacs o,e control on channel X

6.9.2 (2 hypass

ZQ control can be bypassed on a per channel basis for channels 1 and 2. If EQ control is
bypassed on a given channel the prescale and all filters (high-pass, biquads, de-emphasis,
bass, treble in any combination) are bypassed for that channel.

CxEQBP:
0: Perform EQ on channel X - normal operation

1: Bypass EQ on channel X

4
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6.9.3

6.9.4

6.9.5

6.9.6

Volume bypass

Each channel contains an individual channel volume bypass. If a particular channel has
volume bypassed via the CxVBP = 1 register then only the channel volume setting for that
particular channel affects the volume setting, the master volume setting will not affect that
channel.

Binary output enable registers

Each individual channel output can be set to output a binary PWM stream. In this mode
output A of a channel is considered the positive output and output B is negative inverse.

CxBO:
0: DDX tri-state output - normal operation

1: Binary output

Limiter select

Limiter selection can be made on a per-channel basis accordiny tc th channel limiter select
bits.

Table 22. Channel limiter mapping as a func'icp o CxLS bits

CxLS[1,0] Chanel limiter mapping
00 Channel has fiiiting disabled
01 Channel is m;ed to limiter #1
10 Chznnal is mapped to limiter #2

Output mapping

Output mapru.9 can be performed on a per channel basis according to the CxOM channel
output :nap oiny bits. Each input into the output configuration engine can receive data from
any of \"1e three processing channel outputs.

Teble 23.  Channel output mapping as a function of CxOM bits

CxOM[1,0] Channel x output source from
00 Channell
01 Channel 2
10 Channel 3
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6.10 Tone control register (addr 0x11)

6.10.1 Tone control

D7 D6 D5 D4 D3 D2 D1 DO
TTC3 TTC2 TTCH TTCO BTC3 BTC2 BTC1 BTCO
0 1 1 1 0 1 1 1

Table 24. Tone control boost/cut as a function of BTC and TTC bits

BTC[3:0)/TTC[3:0] Boost/Cut
0000 12 dB
0001 12 dB
0111 4HE
0110 B
0111 va 0dB
1000 ) +2 dB
1001 \\<|" +4.dB
1101 N\ +12 dB
1110 o +12dB
(114 +12 dB

6.11 Dynamics control registers (addr 0x12 to 0x15)

6.11.1 Limite ¢ 1 attack/release rate

D7 D6 D5 D4 D3 D2 D1 DO
L1A3 L1A2 L1A1 L1AO L1R3 L1R2 L1R1 L1RO
0 1 1 0 1 0 1 0

6.11.2 Limiter 1 attack/release threshold

D7 D6 D5 D4 D3 D2 D1 DO
L1AT3 L1AT2 L1ATH L1ATO L1RT3 L1RT2 L1RT1 L1RTO
0 1 1 0 1 0 0 1

6.11.3 Limiter 2 attack/release rate

D7 D6 D5 D4 D3 D2 D1 DO
L2A3 L2A2 L2A1 L2A0 L2R3 L2R2 L2R1 L2R0
0 1 1 0 1 0 1 0

4
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6.11.4

Limiter 2 attack/release threshold

D7

D6

D5

D4

D3

D2

D1

DO

L2AT3

L2AT2

L2ATH

L2ATO

L2RT3

L2RT2

L2RT1

L2RTO

0

1

1

0

1

0

0

1

The STA335BWS includes two independent limiter blocks. The purpose of the limiters is to
automatically reduce the dynamic range of a recording to prevent the outputs from clipping
in anti-clipping mode or to actively reduce the dynamic range for a better listening
environment such as a night-time listening mode which is often needed for DVDs. The two
modes are selected via the DRC bit in Configuration Register F, bit 0 address 0x05. Each
channel can be mapped to either limiter or not mapped, meaning that channel will clip when
0dBFS is exceeded. Each limiter looks at the present value of each channel that is mapped
to it, selects the maximum absolute value of all these channels, performs the limitiry
algorithm on that value, and then if needed adjusts the gain of the mapped che el in
unison.

The limiter attack thresholds are determined by the LxAT registers. It i: rokcommended in
anti-clipping mode to set this to 0dBFS, which corresponds to the naximum unclipped
output power of a DDX amplifier. Since gain can be added diyit<lly within STA335BWS it is
possible to exceed 0dBFS or any other LxAT setting, whe: this occurs, the limiter, when
active, automatically starts reducing the gain. The rate ot #hich the gain is reduced when
the attack threshold is exceeded is dependent upon (a¢ attack rate register setting for that
limiter. The gain reduction occurs on a peak-fctac algorithm.

The release of limiter, when the gain i5 «q2in increased, is dependent on a RMS-detect
algorithm. The output of the volume/limiter block is passed through a RMS filter. The output
of this filter is compared to the releuase threshold, determined by the Release Threshold
register. When the RMS filtei ou*put falls below the release threshold, the gain is again
increased at a rate depe 1d'ent upon the Release Rate register. The gain can never be
increased past it's sat value and therefore the release only occurs if the limiter has already
reduced the gair. rhe release threshold value can be used to set what is effectively a
minimum dyrian.ic range, this is helpful as over-limiting can reduce the dynamic range to
virtual', se 0 aind cause program material to sound “lifeless”.

In A= moade, the attack and release thresholds are set relative to full-scale. In DRC mode,
e 2dack threshold is set relative to the maximum volume setting of the channels mapped
1o that limiter and the release threshold is set relative to the maximum volume setting plus
the attack threshold.
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Figure 16. Basic limiter and volume flow diagram

-
Limiter RS
[
Gain/Volume ¥
>
N
Y
Input Cutput
—_— Gain = Attenuation 2 Saturation
Table 25. Limiter attack rate as a Table 26. Limiter12case rate as a
function of LxA bits funstion of LxR bits
ol
LxA[3:0] Attack rate dB/ms LxR[3:0] | Release rate dB/ms

0000 3.1584 2070 0.5116
Fast NS Fast

0001 2.7072 | uv001 0.1370

0010 2.2560 0010 0.0744

0011 1.8048 0011 0.0499

0100 1.3536 0100 0.0360

0101 0.9024 0101 0.0299

0110 C 4512 0110 0.0264

0111 U.2256 0111 0.0208

1005 | 0.1504 1000 0.0198

1001 0.1123 1001 0.0172

iL 1010 0.0902 1010 0.0147

1011 0.0752 1011 0.0137

1100 0.0645 1100 0.0134

1101 0.0564 v 1101 0.0117

1110 0.0501 1110 0.0110 v

Slow Slow

1111 0.0451 1111 0.0104

4
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Anti-clipping mode

Table 27. Limiter attack threshold
as a function of LxAT bits
(AC-mode)
LxAT[3:0] (dB reIa?iSe to FS)
0000 -12
0001 -10
0010 -8
0011 -6
0100 -4
0101 -2
0110 0
0111 +2
1000 +3
1001 +4
1010 +5
1011 +6
1100 +7 \/
1101 +8
1110 2o
1111 10

Table 28. Limiter release threshold
as a function of LxRT
bits (AC-mode)

LxRT[3:0] (dB relal';\i(\fe to FS)

0000 -
0001 29 dB
0010 -20 dB
0011 16 dB
0100 A4d6
0101 1205
0110 ~ 10dB
0111 - 8dB
100) 7dB
| icor 6dB
| 010 5dB
1011 4 dB
1100 3dB
1101 2dB
1110 1dB
1111 -0dB
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Dynamic range compression mode

Table 29. Limiter attack threshold
as a function of LxAT bits
(DRC-Mode)

LXAT[3:0] | 4 relati\?: g Volume)
0000 -31
0001 -29
0010 -27
0011 -25
0100 -23
0101 -21
0110 -19
0111 -17
1000 -16
1001 -15
1010 -14
1011 -13
1100 12 A
1101 -10
1110
1111 -4

D7

D6

Coefficient address register

D5

D4

Table 30. Limiter release threshold
as a as a function of
LXRT bits (DRC-Mode)
LxRT[3:0] (db relative t(I)3 I\Rl:::lume + LxAT)
0000 -
0001 -38 dB
0010 -36 dB
0011 33 dB
0100 3d
0101 N
0110 ~ 28dB
0111 ) 26 dB
100) 24.dB
| 001 22 dB
[ 1010 20 dB
1011 18 dB
1100 15 dB
1101 12 dB
1110 -9dB
1111 -6 dB

D3

D2

D1

User defined coefficient control registers (addr 0x16 to 0x26)

DO

Reserved

CFA5

CFA4

CFA3

CFA2

CFA1

CFAO

D7

D6

D5

Coefficient b1 data register bits 23:16

D4

D3

D2

D1

DO

C1B23

C1B22

C1B21

C1B20

C1B19

C1B18

C1B17

C1B16
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Register description

6.12.3

6.12.4

6.12.5

6.12.6

6.12.7

6.12.8

6.12.9

Coefficient b1 data register bits 15:8

D7 D6 D5 D4 D3 D2 D1 DO
C1B15 C1B14 C1B13 C1B12 C1B11 C1B10 C1B9 C1B8
0 0 0 0 0 0 0 0
Coefficient b1 data register bits 7:0
D7 Dé D5 D4 D3 D2 D1 DO
C1B7 C1B6 C1B5 C1B4 C1B3 Cc1B2 C1B1 C1B0O
0 0 0 0 0 0 0 0
Coefficient b2 data register bits 23:16
D7 D6 D5 D4 D3 D2 1 DO
C2B23 C2B22 C2B21 C2B20 C2B19 C2B18 _*L (.2B17 C2B16
0 0 0 0 0 v 0 0
Coefficient b2 data register bits 15:8
D7 Dé D5 D4 D3 D2 D1 DO
C2B15 C2B14 C2B13 c2012 C2B11 C2B10 C2B9 C2B8
0 0 0 ( 0 0 0 0
Coefficient b2 data regisier bits 7:0
D7 D6 D5 D4 D3 D2 D1 DO
C2B7 J206 C2B5 C2B4 C2B3 C2B2 C2B1 C2B0
0 V] 0 0 0 0 0 0
Coefficient a1 data register bits 23:16
D7 D6 D5 D4 D3 D2 D1 Do
C1B23 C1B22 Ci1B21 C1B20 C1B19 C1B18 C1B17 C1B16
0 0 0 0 0 0 0 0
Coefficient a1l data register bits 15:8
D7 D6 D5 D4 D3 D2 D1 DO
C3B15 C3B14 C3B13 C3B12 C3B11 C3B10 C3B9 C3B8
0 0 0 0 0 0 0 0
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6.12.10 Coefficient a1 data register bits 7:0
D7 D6 D5 D4 D3 D2 D1 DO
C3B7 C3B6 C3B5 C3B4 C3B3 C3B2 C3B1 C3B0
0 0 0 0 0 0 0 0
6.12.11 Coefficient a2 data register bits 23:16
D7 D6 D5 D4 D3 D2 D1 Do
C4B23 C4B22 C4B21 C4B20 C4B19 C4B18 C4B17 C4B16
0 0 0 0 0 0 0 0
6.12.12 Coefficient a2 data register bits 15:8
D7 D6 D5 D4 D3 D2 L1 DO
C4B15 C4B14 C4B13 C4B12 C4B11 C4B10 —!— C4B9 C4B8
0 0 0 0 0 C 0 0
6.12.13 Coefficient a2 data register bits 7:0
D7 D6 D5 D4 23 D2 D1 DO
C4B7 C4B6 C4B5 C4B" C4B3 C4B2 C4B1 C4B0
0 0 0 0 0 0 0 0
6.12.14 Coefficient b0 data regisier bits 23:16
D7 N6 D5 D4 D3 D2 D1 DO
C5B23 Cs5b22 C5B21 C5B20 C5B19 C5B18 C5B17 C5B16
0 ~\ V] 0 0 0 0 0 0
6.12.15 Coefficient b0 data register bits 15:8
D7 D6 D5 D4 D3 D2 D1 DO
C5B15 C5B14 C5B13 C5B12 C5B11 C5B10 C5B9 C5B8
0 0 0 0 0 0 0 0
6.12.16  Coefficient b0 data register bits 7:0
D7 D6 D5 D4 D3 D2 D1 DO
C5B7 C5B6 C5B5 C5B4 C5B3 C5B2 C5B1 C5B0
0 0 0 0 0 0 0 0
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6.12.17 Coefficient write/read control register

Note:

D7 D6 D5 D4 D3 D2 D1 DO
Reserved RA R1 WA W1
| | | 0 0 0 0

Coefficients for user-defined EQ, Mixing, Scaling, and Bass Management are handled
internally in the STA335BWS via RAM. Access to this RAM is available to the user via an
I°C register interface. A collection of 12C registers are dedicated to this function. One
contains a coefficient base address, five sets of three store the values of the 24-bit
coefficients to be written or that were read, and one contains bits used to control the
write/read of the coefficient(s) to/from RAM.

Three different RAM banks are embedded in STA335BWS. The 3 banks are manageu in
paging mode using EQCFG register bits. They can be used to store different EQ sciungs.
For speaker frequency compensation, a sampling frequency independent EC. 11t be
implemented. Computing 3 different coefficients set for 32 kHz, 44.1kHz, 4£ K-z and
downloading them in the 3 RAM banks, it is possible to select the suite bl RAM block
depending from the incoming frequency with a simple 12C write overalon on register 0x31.

For example, in case of different input sources (different samp'ing rates), the 3 different set
of coefficients can be downloaded once at the start up. a~u during the normal play it is
possible to switch among the 3 RAM blocks allowing 2 faster operation, without any
additional download from the microcontroller.

To write the coefficients in a particular RAM hark, this bank must be selected first writing bit
0 and bit 1 in register 0x31. Then the pbelcw write procedure can be used.

Note that as soon as a RAM bank i selected, the EQ settings will be automatically switched
to the coefficients stored in e e ctive RAM block.

The read and write opcraticn on RAM coefficients works only if LRCKI (pin 29) is switching.

Reading a coarficient from RAM

Sciec the RAM block with register 0x31 bit1, bitO.

Wi te 6-bits of address to 1°C register 0x16.

o Write 1 to R1 bit in I2C address 0x26.

4. Read top 8-bits of coefficient in I1°C address 0x17.

5. Read middle 8-bits of coefficient in 12C address 0x18.
6. Read bottom 8-bits of coefficient in I°C address 0x19.

SN =

Reading a set of coefficients from RAM

Select the RAM block with register 0x31 bit1, bit0.

Write 6-bits of address to 12C register 0x16.

Write 1 to RA bit in 1°C address 0x26.

Read top 8-bits of coefficient in 1°C address 0x17.

Read middle 8-bits of coefficient in I°C address 0x18.
Read bottom 8-bits of coefficient in I1°C address 0x19.
Read top 8-bits of coefficient b2 in I°C address Ox1A.
Read middle 8-bits of coefficient b2 in 1°C address 0x1B.

© N oA~ DD~
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9.

10.
11.
12.
13.
14.
15.
16.
17.
18.

Read bottom 8-bits of coefficient b2 in I2C address 0x1C.

Read top 8-bits of coefficient a1 in I2C address 0x1D.

Read middle 8-bits of coefficient a1 in I°C address Ox1E.

Read bottom 8-bits of coefficient a1 in I°C address Ox1F.
Read top 8-bits of coefficient a2 in I°C address 0x20.
Read middle 8-bits of coefficient a2 in I2C address 0x21.

Read bottom 8-bits of coefficient a2 in I°C address 0x22.

Read top 8-bits of coefficient b0 in I2C address 0x23.
Read middle 8-bits of coefficient b0 in I1°C address 0x24.

Read bottom 8-bits of coefficient b0 in I2C address 0x25.

Writing a single coefficient to RAM

I

Select the RAM block with register 0x31 bit1, bit0.
Write 6-bits of address to 1°C register 0x16.

Write top 8-bits of coefficient in 12C address 0x17.
Write middle 8-bits of coefficient in 1°C address 0x18.
Write bottom 8-bits of coefficient in 12C address 0x1%.
Write 1 to W1 bit in 1°C address 0x26.

Writing a set of coefficients to RAM

© No oA~ 0DNhd -

N
<

10.
11.
12.
13.
14.
15.
16.
17.
18.

Select the RAM block with registar 0«1 bit1, bit0.

Write 6-bits of starting address to 1I°C register 0x16.
Write top 8-bits of coefficient b1 in I°C address 0x17.
Write middle 8-bits 1t scetficient b1 in 12C address 0x18.
Write bottom 8-piis of coefficient b1 in I°C address 0x19.
Write tor £-bi's of coefficient b2 in 12C address Ox1A.
Wriia midale 8-bits of coefficient b2 in 12C address 0x1B.

Wi te bottom 8-bits of coefficient b2 in I2C address 0x1C.

‘Write top 8-bits of coefficient a1 in 1°C address 0x1D.
Write middle 8-bits of coefficient a1 in 1°C address Ox1E.
Write bottom 8-bits of coefficient a1 in 12C address Ox1F.
Write top 8-bits of coefficient a2 in 12C address 0x20.
Write middle 8-bits of coefficient a2 in 12C address 0x21.
Write bottom 8-bits of coefficient a2 in 12C address 0x22.
Write top 8-bits of coefficient b0 in I°C address 0x23.
Write middle 8-bits of coefficient b0 in 12C address 0x24.
Write bottom 8-bits of coefficient b0 in 1°C address 0x25.
Write 1 to WA bit in 12C address 0x26.

The mechanism for writing a set of coefficients to RAM provides a method of updating the
five coefficients corresponding to a given biquad (filter) simultaneously to avoid possible
unpleasant acoustic side-effects. When using this technique, the 6-bit address specifies the
address of the biquad b1 coefficient (for example, 0, 5, 10, 20, 35 decimal), and the
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6.12.18

6.12.19

6.12.20

STA335BWS generates the RAM addresses as offsets from this base value to write the
complete set of coefficient data.

User-defined EQ

The STA335BWS provides the ability to specify four EQ filters (biquads) per each of the two
input channels. The biquads use the following equation:

Y[n] = 2(by/2)X[N] + 2(b4/2)X[n-1] + boX[N-2] - 2(a4/2)Y[n-1] - a5 Y[n-2]
= boX[n] + b4 X[n-1] + boX[n-2] - a1 Y[n-1] - a5Y[n-2]
where Y[n] represents the output and X[n] represents the input. Multipliers are 24-bit signed

fractional multipliers, with coefficient values in the range of 0x800000 (-1) to Ox7FFFFF
(0.9999998808).

Coefficients stored in the user-defined coefficient RAM are referenced as follows:

CxHyO0 = b4/2
CxHy1 = b,
CxHy2 = -a4/2
CxHy3 = -a,
CxHy4 = by/2

where x represents the channel and the y the biquad n:ir>ber. For example C2H41 is the
b, coefficient in the fourth biquad for channel 2.

Additionally, the STA335BWS allows specificaiion of a high-pass filter (processing channels
1 and 2) and a lo-pass filter (processina cianrzi 3) to be used for bass-management
crossover when the XO setting is 00C (us 21 -defined). Both of these filters when defined by
the user (rather than using the preset ciossover filters) are second order filters that use the
biquad equation noted above. They are loaded into the C12H0-4 and C3Hy0-4 areas of
RAM noted in Table 31.

By default, all user-ce'ined filters are pass-through where all coefficients are set to 0, except
the bg/2 coefficic.t which is set to 0x400000 (representing 0.5)

Pre-cc:.le

Tt e STA335BWS provides a multiplication for each input channel for the purpose of scaling
thz input prior to EQ. This pre-EQ scaling is accomplished by using a 24-bit signed
fractional multiplier, with 0x800000 = -1 and Ox7FFFFF = 0.9999998808. The scale factor
for this multiply is loaded into RAM using the same 1°c registers as the biquad coefficients
and the bass-management. All channels can use the channel 1 pre-scale factor by setting
the Biquad link bit. By default, all pre-scale factors are set to 0x7FFFFF.

Post-scale

The STA335BWS provides one additional multiplication after the last interpolation stage and
the distortion compensation on each channel. This post-scaling is accomplished by using a
24-bit signed fractional multiplier, with 0x800000 = -1 and 0x7FFFFF = 0.9999998808. The
scale factor for this multiply is loaded into RAM using the same 1°C registers as the biquad
coefficients and the bass-management. This post-scale factor can be used in conjunction
with an ADC equipped micro-controller to perform power-supply error correction. All
channels can use the channel 1 post-scale factor by setting the post-scale link bit. By
default, all post-scale factors are set to Ox7FFFFF. When line output is being used,

channel 3 post-scale affects both channels 3 and 4.
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Over-current post-scale

The STA335BWS provides a simple mechanism for reacting to over-current detection in the
power-block. When the OCWARN input is asserted, the over-current post-scale value is
used in place of the normal post-scale value to provide output attenuation on all channels.
The default setting provides 3 dB of output attenuation when OCWARN is asserted.

The amount of attenuation to be applied in this situation can be adjusted by modifying the
over-current post-scale value. As with the normal post-scale, this scaling value is a 24-bit
signed fractional multiplier, with 0x800000 = -1 and Ox7FFFFF = 0.9999998808. By default,
the over-current post-scale factor is set to 0x5A9DF7. Once the over-current attenuation is
applied, it remains until the device is reset.

Table 31.  RAM block for biquads, mixing, scaling and bass management

Index (Decimal) | Index (Hex) Coefficient Deraul:
0 0x00 C1H10(b1/2) | (x000000
1 0x01 CiH11(32) | 0x000000
2 0x02 Channel 1, Biquad 1 CH1zal/2) 0x000000
3 0x03 | C1H13(a2) 0x000000
4 0x04 C1H14(b0/2) 0x400000
5 0x05 Channel 1, Ricuai2 C1H20 0x000000
19 0x13 Chennsl 1, Biquad 4 C1H44 0x400000
20 ox14 | C2H10 0x000000

- Channel 2, Biquad 1

21 ox1% | C2H11 0x000000
39 oxe7 Channel 2, Biquad 4 C2H44 0x400000
a0 | oxes C12HO(b1/2) 0x000000

| 41 0x29 Channel 1/2 - Biquad 5 C12H1(b2) 0x000000

' 42 0x2A Hi_p;:; )2(3 Z? doeor tor Ci2H2(a1/2) 0x000000
43 0x2B for XO2000 C12H3(a2) 0x000000
44 0x2C C12H4(b0/2) 0x400000
45 0x2D C3HO(b1/2) 0x000000
46 Ox2E Channel 3 - Biquad C3H1(b2) 0x000000
47 Ox2F Low-p:);sxg‘dzgr?ioer fitor C3H2(a1/2) 0x000000
48 0x30 for XO2000 C3H3(a2) 0x000000
49 0x31 C3H4(b0/2) 0x400000
50 0x32 Channel 1, Pre-Scale C1PreS Ox7FFFFF
51 0x33 Channel 2, Pre-Scale C2PreS Ox7FFFFF
52 0x34 Channel 1, Post-Scale C1PstS Ox7FFFFF
53 0x35 Channel 2, Post-Scale C2PstS Ox7FFFFF
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Table 31. RAM block for biquads, mixing, scaling and bass management

Index (Decimal) | Index (Hex) Coefficient Default
54 0x36 Channel 3, Post-scale C3PstS Ox7FFFFF
55 0x37 TWARN/OC - Limit TWOCL 0x5A9DF7
56 0x38 Channel 1, Mix 1 C1MX1 Ox7FFFFF
57 0x39 Channel 1, Mix 2 C1MX2 0x000000
58 Ox3A Channel 2, Mix 1 C2MX1 0x000000
59 0x3B Channel 2, Mix 2 C2MX2 Ox7FFFFF
60 0x3C Channel 3, Mix 1 C3MX1 0x400000
61 0x3D Channel 3, Mix 2 C3MX2 0x4C00LN0
62 O0x3E Unused ]
63 0x3F Unused \>

6.13 Variable max power correction registers (addr 0x27 to 0x28)

MPCC bits determine the 16 MSBs of the MPC cemrencauon coefficient. This coefficient is
used in place of the default coefficient when MPCY/ = 1.

D7 D6 D5 L D3 D2 D1 DO
MPCC15 MPCC14 MPCC13 | Necoi12 MPCC11 MPCC10 MPCC9 MPCC8
0 0 0 i 1 1 0 1 0
D7 D6 D3 D4 D3 D2 D1 DO
MPCC7 MPCC6 |  MPCC5 MPCC4 MPCC3 MPCC2 MPCC1 MPCCO
1 \\V | 0 0 0 0 0 0

6.14 Vzriavle distortion compensation registers (addr 0x29 to
UvzA)

DCC bits determine the 16 MSBs of the distortion compensation coefficient. This coefficient
is used in place of the default coefficient when DCCV = 1.

D7 D6 D5 D4 D3 D2 D1 DO
DCC15 DCC14 DCC13 DCC12 DCC11 DCC10 DCC9 DCC8
1 1 1 1 0 0 1 1
D7 D6 D5 D4 D3 D2 D1 DO
DCC7 DCCé6 DCC5 DCC4 DCC3 DCC2 DCC1 DCCo
0 0 1 1 0 0 1 1
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Fault detect recovery constant registers (addr 0x2B to 0x2C)

FDRC bits specify the 16-bit fault detect recovery time delay. When FAULT is asserted, the
TRISTATE output is immediately asserted low and held low for the time period specified by
this constant. A constant value of 0x0001 in this register is ~0.083 ms. The default value of
0x000C specifies ~0.1 ms.

D7 D6 D5 D4 D3 D2 D1 Do
FDRC15 FDRC14 FDRC13 FDRC12 FDRC11 FDRC10 FDRC9 FDRC8
0 0 0 0 0 0 0 0
D7 D6 D5 D4 D3 D2 D1 Do
FDRC7 FDRC6 FDRC5 FDRC4 FDRC3 FDRC2 FDRC1 FORCO
| "
0 0 0 0 1 1 o o
Device status register (addr 0x2D)
D7 D6 D5 D4 D3 2 D1 Do
‘ PLLUL ‘ FAULT | UVFAULT ‘ OVFAULT | OCFAULT | OCWARN ‘ TFAULT | TWARN ‘

This read-only register provides fault and thermal-wa. ning status information from the power
control block. Logic value 1 for faults or warning me:ans normal state. Logic 0 means a fault
or warning detected on power bridge. The r!.1 LL = 1 means that the PLL is not locked.

PLLUL: 0 = PLL locked, 1 = PLL not locked.

FAULT: 0 = fault detected on power bridge, 1 = normal operation
UVFAULT: 0 = VCCxX 'ntarnally detected < undervoltage threshold.
OVFAULT: 0 = VCCT.X internally detected > overvoltage threshold.
OCFAULT:  :- o ®eicurrent fault detected

OCWAFIN: 2 = overcurrent warning.
T=AJLT: U = thermal fault. Junction temperature over limit detection.
TWARN: 0 = thermal warning. The junction temperature is close to the fault condition.
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6.17 EQ coefficients and DRC configuration register (addr 0x31)
D7 D6 D5 D4 D3 D2 D1 DO
XOB Reserved AMGC[3] AMGC[2] reserved SEL1 SELO
0 0 | 0 0 0 0 0 0
Table 32. SEL bitfield description
SEL[1,0] EQ RAM bank selected
00/11 Bank 0 activated
01 Bank 1 activated
10 Bank 2 activated
Table 33. AMGC bitfield description X\
AMGCI[3,2] Anti-clipping and DRC preset se'e~ten
00 DRC/Anti-clipping (default) >
01 DRC/Anti-clipping
10/11 Reserved, do not use
ACO, AC1, AC2 settings are designed for loudspeai-er protection function, limiting at the
minimum any audio artefact introduced by typice! znti-clipping/DRC algorithms. More
detailed information can be retrieved in th~: *Geifigurable output power rate using
STA335BW” and “STA335BWS vs STA335W” application notes.
Table 34. AMGC bitfield deccription
AMGC[1:0] y Mode
00 ACO, stereo anti-clipping 0dB limiter
C1 AC1, stereo anti-clipping +1.25dB limiter
10 AC2, stereo anti-clipping +2dB limiter
. 11 reserved do not use
L\
3it XOB can be used to bypass the crossover filters. Logic 1 means that the function is not
active. In this case, high pass crossover filter works as a pass through on the data path
(b0 = 1, all the other coefficients at logic 0) while the low pass filter is configured to have
zero signal on channel 3 data processing (all the coefficients are at logic 0).
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Application

Application schematic and power supplies

Figure 17 shows a circuit diagram of a typical application for STA335BWS. Particular care
has to be given to the layout of the PCB, especially the power supplies. The 3.3 Q resistors
on the digital supplies (VDD_DIG) have to be placed as close as possible to the device. This
helps to prevent unwanted oscillation on the digital portion of the device due to inductive
tracks of the PCB. This same rule is also be applied to all the decoupling capacitors in order
to limit any kind of spikes on all the supplies.

Figure 17. Application schematic

3R3
1 — ™>3v3
GND_SUB vDp_pigHE— I1OOnF
\| 2 sA GND_DIG s
1000sF 35V 21 TEST_MODE soLF4——KsoL = o |
_L_L vss SpAE—Kenp 10K
100nF== 51 vee_rea INT_LINE[22——— v 1TL

Tyf sV ouTeB &<—58 ourzB RESETH—  —— 1 <RESET

I 7 GND2 spI F — — ——KDATA —EnF I: RESET

I} 81 veee | ALK 22— LRCK
100nF _DVC?:UTZA((—Q- OUT2A BIC KI 22— BICKI o006
100nF out1B &<—1 oyt xTiPEL————KxT

F 4 voor PLL_GND[-28 1"

._—_.I 12 GND1 FILTER_PLL PLL FILT _J_10(1n;n = PLL_GND GND_DIG—]
1UF 35V ouTta&— 13 ouT1a vDD_pLL24 —r > 3V3
| E—L“ GND_REG PWRDN F2A—————KpwDN
100T=E S von GND_DIG sRs [ 1000F = ono.ie
\W 18 CONFIG vDD_DIG > 3v3
r77 LB 17 s TWARN/2A2L T
DDX3A 18 ppyaa EAPD/4B[—12 EAPD

PLL filter schematic

It is recommended to use the below scheme and values for the PLL loop filter to achieve the
best performances from the device in general application. Please be noted that the ground
of this filter scheme has to be connected to the ground of the PLL without any resistive path.
Concerning the component values, please take into account that the greater is the filter
bandwidth, the less is the lock time but the higher is the PLL output jitter.
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Figure 18.

PLL application scheme

FILTER PLL
2K2
_
N
T 4.70F 100pF
BEAD I
—l—? GND_DIG —‘—? PLL_GND

— 680pF

7.3 Typical output configuration
Here after the typical output configuration used for BTL stereo mode. Pleas= re/er to the
application note for all the other possible output configuration recomm :ndca schematics.
Figure 19. Output configuration for stereo BTL mode
OUT1A 4 VZVZUVH \ _]_ *] K
‘P 100nF
N )
22 R :!: 100nF
——470nF :[q LEFT
= oo 62 = 100nF
|
100nF
ouTIl P — AAN T
22uH
i 22uH
| OUT2A NV
- 100nF
22 62 :“: 100nF
——470nF j:q RIGHT
L e 62 = 100nF
== 100nF
OUT2B \ANANS
22uH
'S7]
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Package thermal characteristics

Using a triple-layer PCB the thermal resistance (junction to ambient) with a center copper
ground area of 3 x 3 cm? and with 16 via holes (see Figure 20) is 24° C/W in natural air
convection.

The dissipated power within the device depends primarily on the supply voltage, load
impedance and output modulation level.

The max estimated dissipated power for the STA335BWS is:
2x20W @8Q, 18V Pd max ~4 W

2X10OW+1x20W@4Q,8Q 18V Pdmax<5W

Figure 20. Triple-layer PCB with copper ground area and 16 via holes

Copper

Figure 21 shows the power derating curv=: for the PowerSSO-36 package on a board with
two different sizes of copper layers.

Figure 21. PowerSSO-7i6 power derating curve

Pd(w) C T
[T
<
L Copper Area 3x3 cm
6 C and via holes
5+ S
: s ‘\ STA335BWS
I 4 * N PowerSSO-36
F I~
3 £ I \
N T
o £ Copper Area 2x2 cm N
o and via holes T \
1 S~ —
0 T

0 20 40 60 80 100 120 140 160
Tamb ( °C)
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9 Package information

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a Lead-free second level interconnect. The category of
second Level Interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label. ECOPACK is an ST trademark.
ECOPACK specifications are available at: www.st.com.

Figure 22. PowerSSO0-36 (slug-up) mechanical data and package dimensions

mm inch
DIM. MIN. | TYP. | MAX. | MIN. | TYP. | MAX. OUTLINE AND
A 2.15 2.47 | 0.084 0.097
A2 2.15 2.40 | 0.084 0.094 MECHANICAL DATA ‘
at 0 0.075 0 0.003 — N\
b 0.18 0.36 | 0.007 0.014 9
c 0.23 0.32 | 0.009 0.012
p ™ | 10.10 10.50 | 0.398 0.413
E ™ 7.4 7.6 |0.291 0.299
e 0.5 0.019
e3 8.5 0.335
F 2.3 0.090
G 0.10 0.004
G1 0.06 0.002
H 10.10 10.50 | 0.398 0.413
h 0.40 0.016
k 5" 5° - i
L 0.55 0.90 | 0.022 O.L_’cs_l
M 4.3 0.169
N 10 |
[ 1.2 0047 | |
Q 0.8 " |oo031
S 2.9 |~ o114
T 365 ' | " o144
U 100 0.039
X | 41 +4.7 [0.161 0.185 PowerSSO-36
Y [ 67 " [73 |0256 0.287 (slug-down)
(1)"D” ~nd =" d. notinclude mold flash or protrusions Mold flash
o prou sicis shall not exceed 0.15 mm per side(0.006”)
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