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Three power output configurations
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- 2x20W

- 1x40W

Thermal protection

Under-voltage protection

Short-circuit protection

PowerS0O-36 slug down package

2.1 channels of 24-bit DDX®

100-dB SNR and dynamic range
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Digital gain/attenuation +48 dB to -80 dB in
0.5-dB steps

Four 28-bit user programmable bisLads (EQ)
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2-channel I?S inpiit sia‘a nterface
Individual channci and master gair/e tter.uation
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mute
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SDX® POP free coeration
Bass/trebl:: 102 control

Dual ira=rendent programmable
limiters/compressors

AutoModes

— 32 preset EQ curves

— 15 preset crossover settings

— Auto volume controlled loudness
— 3 preset volume curves

— 2 preset anti-clipping modes

— Preset night-time listening mode
— Preset TV AGC
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AM noise-reduction ard >wWM frequency
shifting modes

Soft volume 1zpdate and muting

Auto 7ero aetect and inveiid 1nput detect
mLu tiri) selectable DD \* teinary or binary
i v/M output plus variable PWM speeds

Selectable dc: emphasis
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QSound QHD®
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Description STA323WQS

1 Description

The STA323WQS is a single-chip audio system comprising digital audio processing, digital
amplifier control, a DDX® power-output stage and QSound QHD®. The STA323WQS uses
all-digital amplification to provide high-power, high-quality and high-efficiency.

The STA323WQS power section consists of four independent half-bridges. These can be
configured, by digital control, to operate in the following modes.

e Two channels, provided by two half-bridges, and a single full-bridge giving up to
2x10W + 1 x 20 W of power output.

e Two channels, provided by two full-bridges, giving up to 2 x 20 W of power.

e A single, parallel, full-bridge channel capable of high-current operation and giviny
1 x 40W output.

The STA323WQS also provides a full set of digital processing features. This includes up to
four programmable 28-bit biquads (EQ) per channel, and bass and trek:= *or.e control.
AutoModes enable a time-to-market advantage by substantially reducii:o the amount of
software development needed for specific functions. These irciva3s auto volume loudness,
preset volume curves and preset EQ settings. New advanced aM radio-interference
reduction modes are also provided.

The serial audio data input interface accepts all exis ng formats, including the I1°S.

Three channels of DDX® processing are orovidau. This high-quality conversion from PCM
audio to DDX patented 3-state PWM <wi*chir g provides over 100 dB of SNR and dynamic
range.

QSound QHD®

Normally, reduced aucio ~larity is experienced due to the digital compression of music (and
video-sound) combhir.ed with various audio processing techniques used in broadcast
transmission. This is most apparent in products such as digital televisions and audio
players. Thase Jevices are faced with a multitude of audio challenges, primarily associated
with the emall speakers, that are limited in location and cabinet housing, plus economized
spzcoker drivers and components. As such, digital televisions and audio players are ideal
candidates to benefit from stereo soundfield enhancement in order to deliver a full surround-
I’ke experience.

QSound QHD® and its industry recognized QXpander® technology is a field-proven stereo
soundfield enhancement technology that provides a broader stereo image width with greater
separation and depth for stereo signals and synthesizes a 3-D stereo soundfield. QHD®
removes the small centralized audio sweet spot by creating a very wide stereo image with
full surrounding audio. QHD® and its QXpander® technology have been incorporated into
hundreds of QSound and third party hardware and software products, with total shipments
in the millions.

4
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STA323WQS Description

1.1 Block diagram and configurations

Figure 1. Block diagram

SDA SCL

v v
1<C j

System control

—p OUT1A
LRCKI | Serial data  Audio EQ, mix Quad
BICKI input, channe crossover, DDX half-bridae —p» OUT1B
—> mapping and yvolume, limite processing 9
; g i power stage —¥» OUT2A
SDI_12— | resampling processing oUTaB

TWARN
[ System timing il FAULT EAPR

Power down Power down b ——— —

CLK

Figure 2.  Channel signal flow diagram through ti.= digital core
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input | Channel R i ED ’ M ‘ . [ rossove Volume 4x DDX (?Rz)(ut
—»| mapping P €-SaMPING—| processing } |‘V| filter limiter [ Interpol | >
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1.2 EQ processing

Two channels m irput data (re-sampled if necessary) at 96 kHz are provided to the EQ
processn g bicck. In these blocks, up to four user-defined Biquads can be applied to each of
the two channels.

Fre scaling, DC-blocking high-pass, de-emphasis, bass, and tone control filters can also be
implemented by means of configuration parameter settings.

The entire EQ block can be bypassed for all channels simultaneously by setting the DSPB
bit to '1". The CxEQBP bits can also be used to bypass the EQ functionality on a per channel
basis. Figure 3 shows the internal signal flow through the EQ block.

Figure 3. Channel signal flow diagram through the EQ block

Re-sampled To

input High pass De- Bass Treble mix
—p| pre-scalg—p filter P BQ#1[—p| BQ#2P{ BQ#3Pp| BO#4—>,mphaSi—> fiter | filter [

' 4biquadé ) ' If CXTCB=0

Auto loudness if AMEQ = 10 TTC: treble boost/out,

If DSPB = 0 and CXEQB = 0
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Output options

Figure 4.

2-channel (full-bridge) power, OCFG[1:0] = 00
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Applications

2

Table 2.

Applications

Component selection “Table A” - full-bridge operation

Load

Inductor

Capacitor

4Q

10 uH

1.0 uF

6 Q

15 uH

470 nF

8 Q

22 uH

470 nF

Table 3.

Component selection "Table B" - binary half-bridge operation

Load

Inductor

Capacitor

40

22 uH

680 ni-

6 Q

33 uH

47007

8 Q

47 pH

Table 4.

Component selection "Table C" - mono opera‘ion

390 nF

Load

Inductor

Capacitor

2Q

4.7 uki

2.0 uF

3Q

1.0 uF

4Q

1.0 uF

Figure 7.

Schematic for 2 (half-bridge) channels + 1 (full-bridge) channel
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Figure 8.

Power schematic for 2 (full-bridge) channels
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STA323WQS
3 Pin out
3.1 Pin numbering

Figure 10. Package pins (viewed from top of device)

[ 1]
SUB_GND [ 1 36 1 VCC_SIGN
NC. ] 2 351 VSS
OuT2B | 3 34 ] VDD
VCC2B [ 4 331 GND
NC. ] 5 32 [ BICKI
GND2B | 6 31 [ LRCKI
GND2A | 7 30 1 sDI
VCC2A [| 8 29 ] VDDA
OUT2A [ 9 28 1 GNDA
OUT1B [ 10 27 1 XTI
VCC1B [ 11 26 [ PLL_FILTEF
GND1B [ 12 25 ] RES
GND1A [ 13 24 ] sDA
N.C. ] 14 237 oCL
VCC1A [ 15 22 "7 RESET
OUT1A [ 16 2' |77 CONFIG
GND_CLEAN [ 17 20—/ VL
GND_REG [ 18 19 ] VDD_REG
—i 1 ]
Table 5. Pin list
Pin Type Name Description
1 e SUB_GND Ground
2 | 1..C. N.C. Not connected
2 o ouT2B Output half bridge 2B
. I/0 VCC2B Positive supply
L 5 N.C. N.C. Not connected
6 I/0 GND2B Negative supply
7 IO GND2A Negative supply
8 IO VCC2A Positive supply
9 o OUT2A Output half bridge 2A
10 0] OouT1B Output half bridge 1B
11 I/0 VCC1B Positive supply
12 I/0 GND1B Negative supply
13 I/O. GND1A Negative supply
14 N.C. N.C. Not connected
15 IO VCC1A Positive supply
16 o OUT1A Output half bridge 1A
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Table 5. Pin list (continued)

Pin Type Name Description

17 I/O GND_CLEAN Reference ground

18 I/O GND_REG Substrate ground

19 IO VDD_REG Logic supply

20 I/0 VL Logic supply to power section

21 | CONFIG Logic levels

22 | RESET Reset

23 [ SCL I2C serial clock

24 /0 SDA I°C serial data

25 - RES Reserved test pin must be connec.2c to gr?)m

26 | PLL_FILTER | Connection to PLL fiter

27 | XTI PLL input clock \J

28 I/O GNDA Analog grount' N\

29 I/O VDDA Analog strply 3.3

30 I SDI_12 122 ¢ »rial data channels 1 and 2

31 e LRCKI |25 lefright clock,

32 | BICKI IS serial clock

33 IO GNbL Digital ground

34 I/O vDD Digital supply 3.3 V

35 I/c X B VSS 5 V regulator referred to Vcc

36 I/T.W_ VCC_SIGN 5 V regulator referred to ground
3.2 Pin a<scription

NJUT1A, 1B, 2A and 2B (pins 16, 10, 9 and 3)
The half-bridge PWM outputs 1A, 1B, 2A and 2B provide the inputs signals to the speakers.
RESET (pin 22)

Driving RESET low sets all outputs low and returns all register settings to their default
(reset) values. The reset is asynchronous to the internal clock.

SDA, SCL (pins 24, 23)

The SDA (I°C Data) and SCL (I2C Clock) pins operate according to the I12C specification
(See Chapter 6 on page 34.) Fast-mode (400 kB/s) [2C communication is supported.

VDDA, GNDA (pins 29,28)

The phase locked loop power is applied here. This +3.3V supply must be well decoupled
and filtered for good noise immunity since the audio performance of the device depends
upon the PLL circuit.

1574
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CLK (pin 27)

This is the master clock input used by the digital core. The master clock must be an integer
multiple of the LR clock frequency. Typically, the master clock frequency is 12.288 MHz
(256 ™ fs) for a 48kHz sample rate; it is the default setting at power-up. Care must be taken
to provide the device with the nominal system clock frequency; over-clocking the device may
result in anomalous operation, such as inability to communicate.

PLL_FILTER (pin 26)

This is the connection for the external filter components for the PLL loop compensation.
Refer to the schematic diagram Figure 9: Power schematic for 1 mono parallel channel on
page 14 for the recommended circuit.

BICKI (pin 32)

The serial or bit clock input is for framing each data bit. The bit clock frequency is ybically
64 * fs using I°S serial format.

SDI (pin 30)

This is the serial data input where PCM audio information enters the device. Six format
choices are available including I°S, left or right justifies, LS or MSB first, with word widths
of 16, 18, 20 and 24 bits.

LRCKI (pin 31)

The left/right clock input is for data wc rd fiaming. The clock frequency is at the input sample
rate, fs.
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4 Electrical specifications

Table 6. Absolute maximum ratings

Symbol |Parameter Value Unit
Vpp 33 |3-3 V I/O power supply -0.5t0 4 \

Vi Voltage on input pins -0.5 to (VDD+0.5) \
Vo Voltage on output pins -0.5 to (VDD+0.5) Vv
Tstg Storage temperature -40 to +150 °C
Tamb Ambient operating temperature -40 to +85 °C
Vee DC supply voltage 40 h/
Vmax Maximum voltage on pin 20 5.5 \ Vv

Table 7. Thermal data

Symbol Parameter i I\,l_in_ Typ | Max | Unit
Rihj-case | Thermal resistance junction to case (thermal pad) | 2.5 °C/W
Tisp Thermal shut-down junction temperature >~ 150 °C
Twarn | Thermal warning temperature 9) 130 °C
Th-sD Thermal shut-down hysteresis \'® Jg 25 °C
Table 8. Recommended NC cperating conditions

Symbol P arameter Value Unit
Vpp 33 | /O power supply- 3.0t0 3.6 \

T Oper: -ti:';mction temperature -40to +125 °C

4.1 General interface specifications

Dperating conditions Vpps3 = 3.3 V 0.3 V, T np = 25° C unless otherwise specified.

Table 9. General interface electrical characteristics
Symbol Parameter Test Condition Min. | Typ. | Max. | Unit
I !_eakage current: low level V=0V A) 1 uA
input, no pull-up
_ Leakage current: high level o )
lin input, no pull-down Vi=Vbpas 2 MA
Leakage current: 3-state o ™)
loz output without pull-up/down Vi=Vopss 2 MA
Electrostatic protection
Vesd (human body model) Leakage < 1uA 2000 \"

1. The leakage currents are generally very small < 1 nA. The values given here are maximum after an
electrostatic stress on the pin.

4
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Electrical specifications

4.2

4.3

DC electrical specifications (3.3 V buffers)

Operating conditions Vppgz = 3.3 V £0.3 V, Ty, = 25° C unless otherwise specified

Table 10. DC electrical characteristics

Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Vi Low level Input voltage 0.8 \Y
ViH High level Input voltage 2.0 \
Vhyst Schmitt trigger hysteresis 0.4 \

Vo Low level output lol = 2mA 0.15 |V
Van High level output loh = -2mA g_?g ] ! v

Power electrical specifications

Operating conditions Vpp33=3.3V £0.3 V, V| =3.3V, Vo =30V, Tymp = 25° C unless
otherwise specified.

Table 11. Power electrical characteristics
Symbol Parameter Te<t cunditions Min. | Typ. | Max. | Unit
Power Pchannel/Nchannel YV
f" 3
RdsoN MOSFET Ry ﬂ '=1A 200 270 mQ
Power Pchannel/Nchaniel
lgss leakage |y Vec =35V 50 A
Power Pcharnel R
ON matchir feon Ig=1A 9 %
r)c,";/e'_f Nchannel Rdson _ o
gp matching ld=1A 95 Yo
] . . See test circuits , Figure
l[ MN_s Low current dead time (static) 11 and Figure 12 10 20 ns
t4 ON Turn-on delay time Resistive load 100 ns
t4 OFF Turn-off delay time Resistive load 100 ns
. . Resistive load, Figure 11
1 Rise time and Figure 12 25 ns
. Resistive load, Figure 11
t Fall time and Figure 12 25 ns
Vee Supply voltage 8 36 \'%
Vi Low logical state voltage V =33V 0.8 \
Vy High logical state voltage vV, =33V 1.7 \'%
lvee- Supply current from Vcce in _
owron | PWRDN PWRDN =0 3 mA
Necnis Supply current from Vce in 3- Voo = 30 V, 3-state 20 mA
state
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Table 11. Power electrical characteristics (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Input pulse width = 50%
Supply current from Vg in duty,
lvee operation switching frequency = 80 mA
(both channel switching) 384 kHz,
no LC filters;
Overcurrent protection
lout-sh threshold (short circuit current 4 6 A
limit)
Under voltage protection
Vuv threshold / | V
tow-min Output minimum pulse width | No Load 70 50 Ins
P Output power THD = 10%, v
o putp R =8Q Vgc=18V 2 W
THD = 1%,
P, Output power R =8Q Voo =18V | 16 W
4.4 Timing specifications
Table 12. Timing characteristics
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
treser | Hold time for REGET (i1 22) | Active low rest 100 ns
fvco VCO free run frequency No clock applied to XTI |18 28 MHz
Figure 11. 7.t circuit 1
OoUuTxY
4 Vce
i (3/4)Vce
Low current dead time = MAX(DTr, DTf)
(1/2)Vee
(1/4)Vce
+Vce J \
P—t >—<¢ t
Duty cycle = 50% DTr DTt
LI |mer
OouUTxY R8Q
INXY $—r —
M57 (| V67
vdc = Vcece/2
gnd v

4
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4.5

Figure 12. Test circuit 2

High Current Dead time for Bridge application = ABS(DTout(A)-DTin(A))+ABS(DTOUT(B)-DTin(B))
+Vee
Duty cycle=A Duty cycle=B
Vo 4 DTout(A) L} v oy
T wee 4t I ] k] ]
DTin(A DTout(B DTin(B;
&) OUTA Rload=4Q ®) ouTB ®
INA ——] Y Y'Y 1 Y Y —= INB
— 167 10n L68 100 —»
lout=1.5A lout=1.5A
M57 Q3 Ce9 C70 Q4 M63
_|3 470nF ? C71 470nF ? 470nF F‘l_
Duty cycle A and B: Fixed to have DC output current of 4A in the direction shown in figure DO6AU1651

Power supply and control sequencing

Figure 13 shows the recommended power-up and power-down seqliencirig. The "time zero

reference point is taken where V¢ crosses the under voltage iczi-out threshold.

Figure 13. Recommended power up and power dcwn sequence

Ov

vee AnEN

Vlogi
Ov .

RESET

SOFT
PWDN

EAPD
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5 Electrical characteristics curves

5.1 Output power against supply voltage

Figure 14. Stereo mode - output power vs. supply voltage, THD+N = 10%

Output power (W)
80

. /
/

50

6ohm Bohm

40 //
o ,/”;/
. A
10) A~ ’///

e

10 12 14 16 18 20 22 24 26

Power Supply Voltage (VDC,

Figure 14 shows the full-scale output power (0 ¢ BE'S digital input with unity amplifier gain)
as a function of power supply voltage for 4, &, ard 8 Q loads in either DDX® mode or binary
full bridge mode. Output power is corstrair.2d for higher impedance loads by the maximum
voltage limit of the STA323WQS and b, t'ie over-current protection limit for lower impedance
loads. The minimum thresholu for ine over-current protection circuit of the STA323WQS is
4 A (at 25° C) but the typica’ threshold is 6 A for the device. The solid curves shows the
typical output power canakility of the device. The dotted curves shows the output power
capability constraineq to the minimum current specification of the STA323WQS. The output
power curves ass. i~z proper thermal management of the power device's internal
dissipation

Eiglre '5. Output power vs. supply for stereo bridge, THD+N=1%

| output power (W) - BTL 1% THD
60

50 /

40 7/
e

NN

| =

T
1

’ 10 15 20 25 30

supply voltage (V)

4
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Figure 15 shows the mono mode output power as a function of power supply voltages for
loads of 4, 6, 8 and 16 Q. The same current limits as those given for Figure 14 apply, except
output current is 8 A minimum, with 12 A typical in the mono-bridge configuration. The solid
curves show typical performance and dashed curves depict the minimum current limit. The
output power curves assume proper thermal management of the power device internal
dissipation.

Figure 16. Half-bridge binary mode output power vs. supply, THD+N=10%

25 Output power (W)

Curves measured at
f =1 kHz and using

20 / a blocking capacitor
of 330 pF

15 /,/ /

8ohm
7 -
5 //////
L~
==
0 LA,

10 12 14 16 18 20 2 2 26
Power Supply Voltage (VP7)

Figure 16 shows the output power as a furici'cr: of power supply voltages for loads of 4, 6,
and 8 Q when the STA323WQS is op ratea In a half-bridge binary mode. The curves depict
typical performance. Minimum current nmit is not reached for these combinations of voltage
and load impedance. The outout power curves assume proper thermal management of the
power device internal dissipauon

Figure 17. Hai®-bridye binary mode output power vs. supply voltage, THD+N=1%
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5.2 Audio performance

5.2.1 Stereo mode, operation with Voc =26 V, 8 Q load

Figure 18. Typical efficiency
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Figure 19. Typical frequency response
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5.2.2

Figure 21. FFT inter-modulation distortion 19 kHz and 20 kHz
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Figure 22. Frequency response, 1 W, BTL, 8 Q A\
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Figure 24. THD vs. output power, BTL, 1 kHz
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Figure 25. THD vs. frequency, 1 W output, stereo mode
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Figure 27. FFT 0 dBFS 1 kHz, 8 Q
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Figure 28. FFT 0 dBFS 1 kHz, 1 kHz 6 Q
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Figure 29. FF7 9 45FS 1 kHz, 1 kHz 4 Q
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Figure 30. FFT -60 dBFS 1 kHz, 8 Q
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Figure 31. FFT -60 dBFS 1 kHz, 6 Q
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Figure 33. PSRR BTL, 500 mV ripple
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5.2.3 Half-bridge binary mode, operation with Vcc = 18.5 V

Figure 34. Frequency response, 1 W, binary half-bridge mle
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Figure 36. THD+N vs. output power, single ended, 1 kHz, half-bridge binary
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Figure 37. THD vs. frequency, single ended, 1 W
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Figure 39. FFT 0 dB, 1 kHz, single ended, 2 Q
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Figure 40. FFT 0 dB, 1 kHz, single ended, 3 Q
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Figure 41. FF'n;C_qR, t kHz, single ended, 4 Q
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Figure 42. FFT -60 dB, single ended, 1 kHz, 2 Q
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Figure 43. FFT -60 dB, single ended, 1 kHz, 4 Q
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Figure 45. PSRR single ended, 500 mV ripple
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I2C bus specification

The STA323WQS supports the I°C fast mode (400 kbit/s) protocol. 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. The STA323WQS is always a slave device in all of its communications.

Communication protocol

Data transition or change

Data changes on the SDA line must only occur when the SCL clock is low. SD/ tranaition
while the clock is high is used to identify a START or STOP condition.

Start condition

START is identified by a high to low transition of the data bus SDA signal while the clock
signal SCL is stable in the high state. A START condition ii:ust precede any command for
data transfer.

Stop condition

STOP is identified by a low to high tra:isiticn ot the data bus SDA signal while the clock
signal SCL is stable in the high state. .\ S’’OP condition terminates communication between
STA323WQS and the bus master.

Data input

During the data inpu. tne STA323WQS samples the SDA signal on the rising edge of clock
SCL. For correct c2avice operation the SDA signal must be stable during the rising edge of
the clock and! tt.e data can change only when the SCL line is low.

Nevice addressing

To start communication between the master and the STA323WQS, the master must initiate
with a START condition. Following this, the master sends 8 bits (MSB first) on the SDA line
corresponding to the device select address and read or write mode.

The 7 MSBs are the device address identifiers, corresponding to the I°C bus definition. In
the STA323WQS the I2C interface uses a device address of decimal 34 (binary 00100010).

The 8th 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 STA323WQS identifies the device address on
the bus. If a match is found, it acknowledges the identification on the SDA bus during the 9th
bit time. The byte following the device identification byte is the internal space address.
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6.3

6.4

Write operation

Figure 46. 12C write procedure

ACK ACK ACK
BYTE |_| | DEV-ADDR | | SUB-ADDR | | DATAIN |_|
WRITE Y I T I | I| | I I | | T Y I I | |
START RW sToP
ACK ACK ACK ACK
MULTIBYTE |_| | DEV-ADDR | | 'SUB-ADDR | | DATA IN | DATAIN |_|
WRITE Y I T I | I| | I I | | T Y I I | s I I | |
START RW sToP

Following the START condition the master sends a device select code with the RW Lt set
to 0. The STA323WQS acknowledges this and then the master writes the internz | 1ddress
byte.

After receiving the internal byte address the STA323WQS again respor.4c witir an
acknowledgement.

Byte write

In the byte write mode the master sends one data byte. 1" < is acknowledged by the
STA323WQS. The master then terminates the trar.s.ei by generating a STOP condition.

Multi-byte write

The multi-byte write modes can start ‘romr any internal address. Sequential data bytes are
written to sequential addresses within tne STA323WQS.

The master generates a STP condition to terminate the transfer.

Read operaiicn

Figure 47. 14C read procedure
|

( Aok Noack
1

I CURRENT | }

ADDRESS H I DEV-ADDR ] ‘ I DATA ] LD
READ /I | ‘ /I '

START RW sTOP

ACK ACK ACK NO ACK

RANDOM | | | t
ADDRESS H I DEV-ADDR [ SUB-ADDR ‘ ﬂ [ DEV-ADDR ] ‘ I DATA ] LD
READ Ll I L1 I I

START RW START RW sToP
RW= acK ACK ACK NO ACK
SEQUENTIAL

}
CURRENT H I DEV-ADDR [ l ‘ I DATA l ‘ I DATA l ‘ I DATA ] T LD
READ /I | % /I ' 1 1 I |
START sToP
ACK ACK ACK ACK ACK NO ACK

SEQUENTIAL ‘ ‘ ‘ ‘ ’ %
RANDOM H l DEV-ADDR l l SUB-ADDR l H l DEV-ADDR ] ‘ l DATA l l DATA l l DATA ] LD
READ T T AL M L I B I 1 L

START RW START RW STOP.

Current address byte read

Following the START condition the master sends a device select code with the RW bit set
to 1. The STA323WQS acknowledges this and then responds by sending one byte of data.
The master then terminates the transfer by generating a STOP condition.
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Current address multi-byte read

The multi-byte read modes can start from any internal address. Sequential data bytes are
read from sequential addresses within the STA323WQS. The master acknowledges each
data byte read and then generates a STOP condition to terminate the transfer.

Random address byte read

Following the START condition the master sends a device select code with the RW bit set
to 0. The STA323WQS acknowledges this and then the master writes the internal address
byte. After receiving, the internal byte address the STA323WQS 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 STA323WQS 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 can start from any internal address. Seatientia data bytes are
then read from sequential addresses within the STA323WQS. The« imaster acknowledges
each data byte read and then generates a STOP condition to terminate the transfer.
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7 Register descriptions
Table 13. Register summary

Address Name D7 D6 D5 D4 D3 D2 D1 DO
0x00 ConfA |FDRB |TWAB |TWRB |IR IRO MCS2 |MCS1 | MCSO
0x01 ConfB |C2M  |C1IM  |DSCKE |SAIFB |SAI3  |SAl2 SAI SAIO
0x02 ConfC csza |csz3 |cszz |cszi  |cszo  |owmd oMo
0x03 ConfD |MME  |ZDE DRC BQL PSL DSPB |DEMP |HPB
0x04 ConfE  |SVE ZCE DCCV  |PWMS | AME RES MPC  |MPCV
0x05 ConfF  |EAPD |PWDN |ECLE |LDTE |BCLE |IDE OCFG1 |CCrCO
0x06 Mmute Miute
0x07 Mvol MV7 MV6 MV5 MV4 MV3 MV2 v MVO
0x08 Civol |Clv7  |cive  |civs  |civa  |civa  |cive  |civi [civo
0x09 Covol |c2vz  |ceve  |cevs  |ceva  |cava  |cove  [cavi o [cavo
ox0A  [cavol [cav7  [cave [cavs  |cava | Cavs |C3v2  |cavi - |Cavo
0Xx0B  |Autol  |AMPS AMGCT [ AMGCO l'af\nﬁ AMVO  |AMEQ1 |AMEQO
0x0C  |Auto2  |XO3 X02 XO1 X AMAM2 |AMAM1 |AMAMO | AMAME
0x0D | Auto3 pzas  |PEQs  |PEQ2  |PEQ1  |PEQO
OX0OE  |CiCfg |C1OM1 |C1OMO |CiLS1 |CILSO |C1BO |C1VBP |C1EQBP |C1TCB
oxiF |C2Cfg |C20M1 |C20MC ’:<_2|.S1 CoLs0O  |C2BO  |C2VBP |C2EQBP |C2TCB
0x10 C3Cfg |C30Mi |C39MG [C3LS1 ~|C3LSO |C3BO  |C3VBP

ox11 Tone |TTC3  !'"c2  |TTC1  |TTCo  |BTC3  |BTC2  |BTC1  |BTCO
ox12 Llar i a5 |L1A2 - [L1AT L1A0  |LIR3  |L1R2  |[L1R1  |L1RO
0x13 L1atrt  |L1AT3  |L1AT2 |L1AT1 |L1ATO |L1RT3 |L1RT2 |L1RT1 |L1RTO
Ox14 Loar - |L2A3 [L2A2 | L2Ad L2A0  |L2R3  |L2R2  |L2Rf L2R0
Ox15  |Loairt  |L2AT3 |L2AT2 |L2AT1  |L2ATO |L2RT3 |L2RT2 |L2RT1 |L2RTO
Lo_x@ " |cfaddr2 |cFa7  |cFas  |cFas  |cFas  |cFas |cra2  [cra1 [cFao
0x17 Bicfl  |C1B23 |C1B22 |CiB21 |C1B20 |C1B19 |C1B18 |C1B17 |C1B16
0x18 Bicf2 |Ci1B15 |C1B14 |CiB13 |CiB12 |C1B11 |CiB10 |C1B9  |C1BS
0x19 Bicf3s |CiB7 |CiB6 |C1B5 |C1B4 |C1B3 |CiB2 |C1B1  |C1BO
Ox1A  |B2cH  |C2B23 |C2B22 |C2B21  |C2B20 |C2B19 |C2B18 |C2B17 | C2Bi6
0x1B  |B2cf2  |C2B15 |C2B14 |C2B13 |C2B12 |C2B11  |C2B10 |C2B9  |C2BS
0x1C  |B2cf3  |C2B7  |C2B6  |C2B5  |C2B4  |C2B3  |C2B2  |C2B1  |C2BO
oxiD  |AlcH  |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 13. Register summary (continued)
Address | Name D7 D6 D5 D4 D3 D2 D1 DO
0x20 A2cf1 C4B23 |C4B22 |C4B21 C4B20 |C4B19 |C4B18 |C4B17 |C4B16
0x21 A2cf2 C4B15 |C4B14 |C4B13 |C4B12 |C4B11 C4B10 | C4B9 C4B8
0x22 A2cf3 C4B7 C4B6 C4B5 C4B4 C4B3 C4B2 C4B1 C4B0
0x23 BOcf1 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 Cs5B2 C5B1 C5B0
0x26 Cfud WA W1
0x27 MPCC1 MPCC15 |[MPCC14 |MPCC13 |[MPCC12 |MPCC11 |[MPCC10 |MPCC9 |MPC=8
0x28 MPCC2 |MPCC7 |MPCC6 |MPCC5 |MPCC4 |MPCC3 |MPCC2 |MPCCt | 'Vir’C_CO
0x29 RES RES RES RES RES RES RES  |R=S ~ |RES
0x2A RES RES RES RES RES RES RES +_':‘.ES RES
0x2B  |FDRC1 |FDRC15 |FDRC14 |FDRC13 |FDRC12 |FDRC11 |=PRC10 |FDRC9 |FDRCS
0x2C FDRC2 FDRC7 FDRC6 FDRC5 FDRC4 FDRCU FDRC2 FDRC1 FDRCO
0x2D Status PLLUL | g FAULT TWARN
7.1 Configuration register A \address 0x00)
D7 D6 '\ D5 D4 D3 D2 D1 DO
FDRB TVﬂ L L TWwiRB IR1 IRO MCS2 MCS1 MCSO0
0 A\ | 1 0 0 0 1 1
7.1.1 Mastzr clock select
I_’a_frle 14. Master clock select
l Bit R/W | RST Name Description
o [ |1 [uoso |Haster ook st sect e rato atueen e
1 RW 1 MCSH
2 RW 0 MCS2
The STA323WQS supports sample rates of 32 kHz, 44.1 kHz, 48 kHz, 88.2 kHz, and
96 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
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7.1.2

The external clock frequency provided to the XTI pin must be a multiple of the input sample
frequency (fs). The correlation between the input clock and the input sample rate is
determined by the status of the MCSx bits and the IR (input rate) register bits. The MCSx
bits determine the PLL factor generating the internal clock and the IR bit determines the
oversampling ratio used internally.

Table 15. IR and MCS settings for input sample rate and clock rate

Input sample rate R MCS[2:0]
fs (kHz) 000 001 010 011 100 101
32, 44.1, 48 00 | 768*fs | 512*fs | 384 *fs | 256 *fs | 128 *fs | 576 *fs
88.2, 96 01 | 384*fs | 256*fs | 192*fs | 128 *fs | 64 *fs X
176.4, 192 1X | 384*fs | 256*fs | 192*fs | 128*fs | 64%fs |  x

Interpolation ratio select

Table 16. Interpolation ratio select

Bit R/W RST Name

Description

4:3 RW |00 IR[1:0]

Selects intel 1z fite, polation ratio based on input I°S
sample fre.quency

The STA323WAQS has variable interpol2ticn (rc-sampling) settings such that internal
processing and DDX output rates ren ain consistent. The first processing block interpolates
by either 2 times or 1 time (pass-througn) or provides a down-sample by a factor of 2.

The IR bits determine the re-=anpling ratio of this interpolation.

Table 17. IR hit s=:tirigs as a function of input sample rate

Input samyle ~ate fs (kHz) IR[1, 0] 15t stage interpolation ratio

\ 32 00 2 times over-sampling

! 441 00 2 times over-sampling

A 48 00 2 times over-sampling
88.2 01 Pass-Through
96 01 Pass-Through

176.4 10 Down-sampling by 2

192 10 Down-sampling by 2
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7.1.4

715
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Thermal warning recovery bypass

Table 18. Thermal warning recovery bypass

Bit R/W RST Name Description

0: Thermal warning Recovery enabled

5 RwW 1 TWRB
1: Thermal warning Recovery disabled

If the thermal warning adjustment is enabled (TWAB = 0), then the thermal warning
recovery determines if the adjustment is removed when thermal warning is negative. If
TWRB = 0 and TWAB = 0, then, when a thermal warning disappears, the gain adjustment
determined by the thermal warning post-scale (default = -3 dB) is removed and the gain is
applied to the system. If TWRB = 1 and TWAB = 0, then when a thermal warning
disappears, the thermal warning post-scale gain adjustment remains until TWRB is zhaiged
to zero or the device is reset.

Thermal warning adjustment bypass

Table 19. Thermal warning adjustment bypass
Bit R/W RST Name Description

0: thern.a. werning adjustment enabled
1: the rmar warning adjustment disabled

6 RW 1 TWAB

The STA323WQS on-chip power output vloch: provides feedback to the digital controller by
the power control block inputs. The T\WARN input is used to indicate a thermal warning
condition. When TWARN is active {set to O for a period greater than 400 ms) the power
control block forces an ad’'usument to the modulation limit in an attempt to eliminate the
thermal warning conditic a. Orice the thermal warning volume adjustment is applied,
whether the gain is reapniea when TWARN is inactive, depends on the TWRB bit.

Fault detecy 1ecovery bypass

T'fxt:!e 20. Fault detect recovery bypass

ith R/W | RST Name Description

0: fault detector recovery enabled

7 RwW 0 FDRB
1: fault detector recovery disabled

The DDX power block provides feedback to the digital controller using inputs to the power
control block. The FAULT input is used to indicate a fault condition (either over-current or
thermal). When FAULT is active (set to 0), the power control block attempts a recovery from
the fault by activating the 3-state output (setting it to 0 which directs the power output block
to begin recovery). It holds it at O for period of time in the range of 0.1 ms to 1 second as
defined by the Fault-Detect Recovery Constant register (FDRC registers 29-2Ah), then
toggles it back to 1. This sequence is repeated as long as the fault indication exists. This
feature is enabled by default but can be bypassed by setting the FDRB control bit to 1.
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7.2

7.2.1

7.2.2

Configuration register B (address 0x01)

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

Serial audio input interface format

Table 21.  Serial audio input interface format

Bit R/W | RST Name Description

Determines the interface format of the input serial digite' audio

3:0 |RW |0000 |SAI[3:0] torface

Data format:

4 RW |0 SAIFB 0: MSB first 1: LSB first

Serial data interface

The STA323WQS serial audio input interfaces with standard digital audio components and
accepts several different serial data formats. The STAR=3WQS always acts as a slave when
receiving audio input from standard digital audio ~cn.nunents. Serial data for two channels
is provided using 3 input pins: left/right clock I.RCK., serial clock BICKI, and serial data SDI.

The SAIl register (configuration register C (acdress 0x01) bits D3-D0) and the SAIFB
register (configuration register B (ada.as< 0x01) bit D4) are used to specify the serial data
format. The default serial data format is 12S, MSB first. The formats available are shown in
Figure 48 and in Table 21 arid 1oble 22.

Figure 48. Generzl semal input and output formats

7

ROk Let [ Right L

s L L L L L L L
] soata __/MsBY (Lse\ . /wss

Left Justified

wo | \ r

s LT L L T T L

SDATA - /MSB). (LsB\ . /wmss

Right Justified

ek | Left | Right |

s LTI L T T T

SDATA MSB ) ALsB\  Mmsey  ALsB\ MSB

Table 22. lists the serial audio input formats supported by STA323WQS when
BICKI = 32 * fs, 48 * fs or 64 * fs, where the sampling rate fs = 32, 44.1, 48, 88.2, 96, 176.4
or 192 kHz.
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Table 22. Supported serial audio input formats
BICKI SAI[3:0] SAIFB Interface format
32" fs 1100 X I2S 15-bit data
1110 X Left/right-justified 16-bit data
48 * fs 0100 X 1°S 23-bit data
0100 X 1°S 20-bit data
1000 X 1°S 18-bit data
0100 0 MSB first 1°S 16-bit data
1100 1 LSB first 1S 16-bit data
0001 X Left-justified 24-bit data
0101 X Leftjustified 20-bit data |
1001 X Left-justified 1°-vit \'ata
1101 X Left-justif:za 15-bit data
0010 X Rigi t justified 24-bit data
0110 X Hight-justified 20-bit data
1010 X Right-justified 18-bit data
1110 X Right-justified 16-bit data
64 fs 0000 X IS 24-bit data
0100 X I2S 20-bit data
1000 X 1°S 18-bit data
0506 | 0 MSB first 12S 16-bit data
1100 1 LSB first 1S 16-bit data
0001 X Left-justified 24-bit data
va 0101 X Left-justified 20-bit data
k& 1001 X Left-justified 18-bit data
) 1101 X Left-justified 16-bit data
0010 X Right-justified 24-bit data
0110 X Right-justified 20-bit data
1010 X Right-justified 18-bit data
1110 X Right-justified 16-bit data

For example, SAl = 1110 and SAIFB = 1 specifies right justified 16-bit data, LSB first.
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7.2.3

Table 23.  Serial input data timing characteristics (fs = 32 to 192 kHz)

parameter Timing
BICKI frequency (slave mode) 12.5 MHz max.
BICKI pulse width high (T1) (slave mode) 40 ns min.
BICKI active to LRCKI edge delay (T2) 20 ns min.
BICKI active to LRCKI edge delay (T3) 20 ns min.
SDI valid to BICKI active setup (T4) 20 ns min.
BICKI active to SDI hold time (T5) 20 ns min.

Figure 49. Serial input and data timing

e, o
LRCKI_+ & /v 1
1 I T 1
I 1 i To 1 '4—>
BICKI __( / i/ QM

Delay serial clock enable

Table 24. Delay serial clock enab.2
Bit R/W | RST Nama Description

0: no serial clock delay

5 RW 0 DECKE 1: serial clock delay by 1 core clock cycle to tolerate
i anomalies in some I1°S master devices

Table 5.  Channel input mapping
! Fp /W | RST Name Description

_—

6 RW 0 C1IM

0: processing channel 1 receives left I°S input
1: processing channel 1 receives right 1°s input

0: processing channel 2 receives left I°S input

7 RwW 1 C2IM
1: processing channel 2 receives right 1°s input

Each channel received from the 1S can be mapped to any internal processing channel via
the channel input mapping registers. This allows processing flexibility. The default settings of
these registers map each 1°S input channel to its corresponding processing channel.
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7.3.1

7.3.2
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Configuration register C (address 0x02)

D7 D6 D5 D4 D3 D2 D1 DO
CSz4 CSsz3 CSz2 Csz1 CSz0 OoM1 oMo
1 0 0 0 0 1 0

DDX® power-output mode

Table 26. DDX® power-output mode

Bit R/W RST Name Description

1:0 RW 10 OM[1:0] Selects configuration of DDX® output.

The DDX® power output mode selects how the DDX® output timing is configur=a. Difierent
power devices can use different output modes. The recommended use is OM = 1J. When
OM = 11 the CSZ bits determine the size of the DDX® compensating p.'s>.

Table 27. DDX® output modes

OM[1,0] Outrut stuge - mode
00 Not used \~
01 Not used »
10 Re:c'r._ng wu_ed
11 Va.‘?’»'_blg compensation

DDX® variable comv=nsacdng pulse size

The DDX® variaile canpensating pulse size is intended to adapt to different power stage
ICs. Contact &1 for support when using this function.

Table 22. DDX® compensating pulse

|
] CSZ[4:0] Compensating pulse size
’—00000 0 clock period compensating pulse size

00001 1 clock period compensating pulse size

10000 16 clock period compensating pulse size

11111 31 clock period compensating pulse size
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7.4

7.4.1

7.4.2
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Configuration register D (address 0x03)

D7 D6 D5 D4 D3 D2 D1 DO
MME ZDE DRC BQL PSL DSPB DEMP HPB
0 0 0 0 0 0 0 0

High-pass filter bypass

Table 29. High-pass filter bypass

Bit R/W RST Name Description

0: AC coupling high pass filter enabled

0 RW 0 HPB
1: AC coupling high pass filter enabled

The STA323WQS features an internal digital high-pass filter for DC blocking. ' he surpose of
this filter is to prevent DC signals from passing through a DDX® amplificr. DT signals can
cause speaker damage.

De-emphasis

Table 30. De-emphasis

Bit R/W RST Name | Description
1-0. no de-emphasis
| 1: de-emphasis

1 RW 0 DEMP

By setting this bit to 1, de-ermiphasis is implemented on all channels. DSPB (DSP Bypass,
Bit D2, CFA) bit must be sot t2 0 for de-emphasis to function.

DSP bypass

Table 31 DSP bypass

! sr. | RAIW | RST | Name Description
[N

0: normal operation
1: bypass of EQ and mixing functionality

i2 RwW 0 DSPB

Setting the DSPB bit bypasses all the EQ and mixing functionality of the STA323WQS core.
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7.4.5

7.4.6

74.7
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Post-scale link

Table 32. Post-scale link

Bit | R’'W | RST Name Description

0: each channel uses individual post-scale value

3 RwW |0 PSL
1: each channel uses channel 1 post-scale value

Post-scale functionality is an attenuation placed after the volume control and directly before
the conversion to PWM. Post-scale can also be used to limit the maximum modulation index
and therefore the peak current. Setting 1, in the PSL register, causes the value stored in
Channel 1 post-scale to be used for all three internal channels.

Biquad coefficient link

Table 33. Biquad coefficient link

Bit | R/W | RST Name Descripting:

0: each channel uses c efi.ciant values
1: each channel usez channel 1 coefficient values

4 Rw |0 BAL

For ease of use, all channels can use the biquad cocficicnts loaded into the channel 1
coefficient RAM space by setting the BQL bit to 1. 1erefore, any EQ updates only have to
be performed once.

Dynamic range compression;aniti-clipping bit

Table 34. Dynamic rarg= conpression/anti-clipping bit
Bit | R/W | RST L Naime Description

0: limiters act in anti-clipping mode
5 RwW ¢ | DRC - . pp 9 .
‘ 1: limiters act in dynamic range compression mode

Both lin.iters can be used in one of two ways: anti-clipping or dynamic range compression.
Viwen 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

Table 35. Zero-detect mute enable

Bit R/W RST Name Description

6 RW 1 ZDE Setting of 1 enables the automatic zero-detect mute

Setting the ZDE bit enables the zero-detect automatic mute. When ZDE = 1, the zero-detect
circuit looks at the input data to each processing channel after the channel-mapping block. If
any channel receives 2048 consecutive zero value samples (regardless of fs) then that
individual channel is muted if this function is enabled.
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7.5

7.5.1

7.5.2

7.5.3

7.5.4

Configuration register E (address 0x04)

D7 D6 D5 D4 D3 D2 D1 DO
SVE ZCE RES PWMS AME RES MPC MPCV
0 0 0 0 0 0 0 0

Max power correction variable

Table 36. Max power correction variable
Bit R/W RST Name Description
0: use standard MPC coefficient
0 RW 0 MPCV 1: use MPCC bits for MPC coefficient

By enabling MPC and setting MPCV = 1, the max power correction becomes vaiiauvie. By
adjusting the MPCC registers (address 0x27-0x28) it is possible to adjuxi tho 1HD at
maximum unclipped power to a lower value for a particular applicaticn.

Max power correction

Table 37.
Bit RIW RST Name |

Max power correction

Description

0: MPC disabled

7 RW 1 NP
C 1: MPC enabled

Setting the MPC bit corrects ine bower device at high power. This mode lowers the THD+N
of the full DDX® system a1, ard slightly below, maximum power output.

AM mode erable

Table 38 AM mode enable
! Lit R/W RST Name Description
5N
: | DDX® i
| 3 RW 0 AME 0: norma ) operation o _
‘ 1: AM reduction mode DDX™ operation

The STA323WQS features a DDX® processing mode that minimizes the amount of noise
generated in the frequency range of AM radio. This mode is intended for use when DDX®is
operating in a device with an active AM tuner. The SNR of the DDX® processing is reduced
to ~83 dB in this mode, which is still greater than the SNR of AM radio.

PWM speed mode

Table 39. PWM speed mode
Bit | R’'W | RST Name Description
4 RW |0 PWMS Normal or odd
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7.5.5

7.5.6

7.6

7.6.1
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Table 40. PWM output speed selections

PWMS[1:0] PWM output speed
0 Normal speed (384kHz) all channels
1 Odd speed (341.3kHz) all channels

Zero-crossing volume enable

Table 41. Zero-crossing volume enable

Bit R/W RST Name Description

1: volume adjustments will only occur at digital zero-
6 RW 1 ZCE crossings
0: volume adjustments will occur immediately

The ZCE bit enables zero-crossing volume adjustments. When volume 13 od) isted on digital
zero-crossings no clicks are audible.

Soft volume update enable

Table 42. Soft volume update enable

Bit R/W RST Name Description

1- voi 1 2e adjustments will use soft volume
0: »~lume adjustments will occur immediately

7 RwW 1 SVE

The STA323WQS includes = 30t volume algorithm that steps through the intermediate
volume values at a pred=tormined rate when a volume change occurs. By setting SVE =0
this can be bypassed ana voiume changes will jump from the old to the new value directly.
This feature is axiah!e only if individual channel volume bypass bit is set to 0.

Contiguration register F (address 0x05)

D7 Dé D5 D4 D3 D2 D1 DO
EAPD PWDN ECLE RES BCLE IDE OCFG1 OCFGO
0 1 0 1 1 1 1 0

Output configuration selection

Table 43. Output configuration selection

Bit R/W RST Name Description

OCFG[1:

1:0 RwW 00 0]

00: 2-channel (full-bridge) power, 1-channel DDX is default
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Table 44. Output configuration selections

OCFG[1:0] Output power configuration

2 channel (full-bridge) power, 1 channel DDX:
00 1A/1B 0 1A/1B
2A/2B ¢ 2A/2B

2(half-bridge).1(full-bridge) on-board power:
1A 0 1A Binary
2A 0 1B Binary
3A/3B ¢ 2A/2B Binary

01

10 Reserved

1 channel mono-parallel:
11 3A01A/1B
3B ¢ 2A/2B

Table 45. Invalid input detect mute enable

Bit R/W RST Name De.icr pvion

0: disabled
1: enabled

2 RwW 1 IDE

Setting the IDE bit enables this function, whicii leoks at the input 12S data and clocking and
automatically mutes all outputs if the sioncis are invalid.

Table 46. Binary clock loss detection enable
Bit R/W RST llamo Description

A Wt
5 RW 1 BCLE
AN
Detects loss of input MCLK in binary mode and outputs 50% duty cycle to prevent audible
noise vhan input clocking is lost.

0: disabled
1: enabled

vanlz 47, Auto-EAPD on clock loss enable
2 Bit R/W RST Name Description

0: disabled

/ pw 0 ECLE 1: enabled

When ECLE is active, it issues a power device power down signal (EAPD) on clock loss
detection.

Table 48. External amplifier power down
Bit R/W RST Name Description

0: external power stage power down active

7 RW 0 EAPD .
1: normal operation

EAPD is used to actively power down a connected DDX® power device. This register has to
be written to 1 at start-up to enable the DDX® power device for normal operation.
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7.7 Volume control
7.7.1 Master controls
Master mute register (address 0x06)
D7 D6 D5 D4 D3 D2 D1 DO
MMUTE
0
Master volume register (Address 0x07)
D7 D6 D5 D4 D3 D2 D1 D¢
Mv7 MVe MV5 MV4 MV3 Mv2 MVA1 L MvQ
1 1 1 1 1 1 1 \ € 1
Note: The value of volume derived from MV is dependent on the AMV auto raode volume settings.
7.7.2 Channel controls
Channel 1 volume (address 0x08)
D7 D6 D5 D4 D3 D2 D1 DO
C1v7 C1Vée C1V5 C1\V'4 C1v3 Ci1v2 C1v1 C1vo
0 1 1 n 0 0 0 0
Channel 2 volume (address 0x09)
D7 D6 D5 D4 D3 D2 D1 DO
cav7 Cz'6 C2avs cav4 Cav3 Ccav2 C2v1 ca2vo
0 A 1 0 0 0 0 0
Channzi 3 volume (address 0x0A)
D7 D6 D5 D4 D3 D2 D1 DO
c3v7 C3V6 C3V5 C3v4 C3v3 c3v2 C3V1 C3Vv0
0 1 1 0 0 0 0 0
7.7.3 Volume description
The volume structure of the STA323WQS consists of individual volume registers for each of
the three channels and a master volume register, and individual channel volume trim
registers. The channel volume settings are normally used to set the maximum allowable
digital gain and to hard-set gain differences between certain channels. These values are
normally set at the initialization of the IC and not changed. The individual channel volumes
are adjustable in 0.5-dB steps from +48 dB to -80 dB. The master volume control is normally
mapped to the master volume of the system. The values of these two settings are summed
to find the actual gain or volume value for any given channel.
When set to 1, the Master Mute will mute all channels, whereas the individual channel
mutes (CxM) will mute only that channel. Both the Master Mute and the Channel Mutes
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provide a “soft mute”, that is, a gradual muting with the volume ramping down to mute in
4096 samples from the maximum volume setting at the internal processing rate of circa
96 kHz. A “hard mute” can be obtained by setting a value of OxFF in any channel volume
register or the master volume register. When volume offsets are provided, via the master
volume register, any channel whose total volume is less than -100 dB is muted.

All changes in volume take place at zero-crossings when ZCE = 1 (configuration register E)
on a per channel basis as this creates the smoothest possible volume transitions. When
ZCE = 0, volume updates occur immediately.

The STA323WQS also features a soft-volume update function. When SVE = 1 (in
configuration register E) the volume ramps between intermediate values when the value is
updated, This feature can be disabled by setting SVE = 0.

Each channel also contains an individual channel volume bypass. If a particular channal has
volume bypassed via the CxVBP = 1 register then only the channel volume setting i that
particular channel affects the volume setting, the master volume setting does nct cftect that
channel. Also, master soft-mute does not affect the channel if CxVBP = 1.

Each channel also contains a channel mute. If CxM = 1 a soft mute ic pe.iormed on that

channel.
Table 49. Master volume offset as a function of MV (7:0]
MV[7:0] Volun.= ~sffset from channel value
00000000 (0x00) 0dB
00000001 (0x01) -0.5dB
00000010 (0x02) -1dB
01001100 (OX4Cj -38 dB
11171112 (OxFE) -127 dB
1111111 (OxFF) Hard Master Mute

1akie 50. Channel volume as a function of CxV[7:0]

i CxVI[7:0] volume
00000000 (0x00) +48 dB
00000001 (0x01) +47.5 dB
00000010 (0x02) +47 dB
01100001 (0Ox5F) +0.5 dB
01100000 (0x60) 0dB
01011111 (0x61) -0.5dB
11111110 (OxFE) -79.5 dB
11111111 (OxFF) Hard channel mute
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7.8 AutoMode registers

7.8.1 AutoModes EQ, volume, GC (address 0x0B)

D7 D6 D5 D4 D3 D2 D1 DO
AMPS AMGC1 AMGCO AMV1 AMVO AMEQ1 AMEQO
1 0 0 0 0 0 0
Table 51. Automode EQ

AMEQ[1,0]

Mode (Biquad 1-4)

00

User Programmable

01

Preset EQ - PEQ bits

10

Auto Volume Controlled Loudness Curve

11

Not used

Setting AMEQ to any value, other than 00, enables automode FQ. \Vt.en set, biquads 1-4
are not user programmable. Any coefficient settings for these higuads is ignored. Also when
automode EQ is used the pre-scale value for channels 1 ai.d 2 becomes hard-set to -18 dB.

Table 52. Automode volume ~\
AMV[1,0] Mode (MVOL)
00 MVOL ')30-3356 steps (standard)
01 MVGOL auto curve 30 steps
10 i MVOL auto curve 40 steps
11 \ MVOL auto curve 50 steps
Table 53. ) A_u‘o' node gain compression/limiters
AMGC[1:0] Mode
100 User programmable GC
;_O_I AC no clipping
10 AC limited clipping (10%)
11 DRC night time listening mode
Table 54. AMPS - automode auto pre scale
Bit R/W | RST Name Description
Auto Mode Pre-Scale
0 RW 0 AMPS 0: -18 dB used for pre-scale when AMEQ neq 00
1: User defined pre-scale when AMEQ neq 00
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7.8.2

AutoMode AM/pre-scale/bass management scale (address 0x0C)

D7 D6 D5 D4 D3 D2 D1 DO
X03 X02 XO1 X00 AMAM2 AMAM1 AMAMO AMAME
0 0 0 0 0 0 0 0
Table 55. Automode AM switching enable
Bit R/W | RST Name Description
0 |RWjo|AMAVE T swtching requency determine b AMAM setings
3:1 RW 000 |AMAM[2:0] Default: 000
Table 56. Automode AM switching frequency selection v \
AMAM[2:0] 48 kHz/96 kHz input fs 44.1 kHz/88.2 k.1z ‘nput fs
000 0.535 MHz - 0.720 MHz 0.535 I\.'Hz- -_0.670 MHz
001 0.721 MHz - 0.900 MHz 0.071 WHz - 0.800 MHz
010 0.901 MHz - 1.100 MHz — 0.801 MHz - 1.000 MHz
011 1.101 MHz - 1.300 MH> \~ 1.001 MHz - 1.180 MHz
100 1301 MHz- 1.480 NHz 1.181 MHz - 1.340 MHz
101 1.481 MH7 -, 6L0 MHz 1.341 MHz - 1.500 MHz
110 1,601 MF7 - 1.700 MHz 1.501 MHz - 1.700 MHz

When DDX® is used with an AN! radio tuner, it is recommended to use the AMAM bits to
automatically adjust the outpit PWM switching rate so that it depends on the specific radio
frequency that the turer iv receiving. The values used in AMAM are also dependent upon
the sample rate 11ct 1.2 uetermined by the ADC used.

Table 5T Avtomode crossover setting
Bit R/W | RST Name Description
i \ 000: user defined crossover coefficients are used
74 |RW 0 XO[3:0] Otherwise: preset coefficients are used for the required
crossover setting
Table 58. Crossover frequency selection
XO0[2:0] Bass management - crossover frequency
0000 User
0001 80 Hz
0010 100 Hz
0011 120 Hz
0100 140 Hz
0101 160 Hz
0110 180 Hz
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Table 58. Crossover frequency selection (continued)
0111 200 Hz
1000 220 Hz
1001 240 Hz
1010 260 Hz
1011 280 Hz
1100 300 Hz
1101 320 Hz
1110 340 Hz
1111 360 Hz
7.8.3 Preset EQ settings (address 0x0D)
D7 D6 D5 D4 D3 D2_ Al D1 DO
PEQ4 PEQ3 PEC2 PEQ1 PEQO
0 0 N ] 0 0
Table 59. Preset EQ selection \.{
PEQ[3:0] Setting
00000 \- Flat
00001 Rock
00010 Soft Rock
00011 RN\ Jazz
00100 1\ Classical
cC10 (\ Dance
T outto Pop
- 00111 Soft
) 01000 Hard
01001 Party
01010 Vocal
01011 Hip-Hop
01100 Dialog
01101 Bass-boost #1
01110 Bass-boost #2
01111 Bass-boost #3
10000 Loudness 1 (least boost)
10001 Loudness 2
10010 Loudness 3
10011 Loudness 4
54/78 Ky_l




STA323WQS Register descriptions
Table 59. Preset EQ selection (continued)
PEQ[3:0] Setting
10100 Loudness 5
10101 Loudness 6
10110 Loudness 7
10111 Loudness 8
11000 Loudness 9
11001 Loudness 10
11010 Loudness 11
11011 Loudness 12
11100 Loudness 13
11101 Loudness 14
11110 Loudness 15
11111 Loudness 16 (n-o<( boost)
7.9 Channel configuration registers
7.9.1 Channel 1 configuration (adc'rexvs Ux0E)
D7 D6 D5 D4 D3 D2 D1 DO
c10M1 C10Mo | C1Ls C1LSO0 C1BO C1vBP C1EQBP c1TCB
0 L I 0 0 0 0 0
7.9.2 Channel 2 cerifiguration (address 0x0F)
D7 D6 D5 D4 D3 D2 D1 Do
| T20MT C20Mo caLst C2Ls0 C2BO C2vBP C2EQBP c2TCB
! 0 0 0 0 0 0 0 0
TG Channel 3 configuration (address 0x10)
D7 D6 D5 D4 D3 D2 D1 DO
C30M1 C30M0 C3LS1 C3LS0 C3BO C3VBP
0 0 0 0 0 0

EQ control can be bypassed on a per channel basis. If EQ control is bypassed on a given
channel the prescale and all 9 filters (high-pass, biquads, de-emphasis, bass management
cross-over, bass, treble in any combination) are bypassed for that channel.

CxEQBP:
e 0: perform EQ on channel X (normal operation)
e 1: bypass EQ on channel X
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Tone control (bass and treble) can be bypassed on a per channel basis. If tone control is
bypassed on a given channel the two filters that tone control utilizes are bypassed.

CxTCB:
e 0: perform tone control on channel x - (default operation)
e 1:bypass tone control on channel x

Each channel can be configured to output either the patented DDX PWM data or standard
binary PWM encoded data. By setting the CxBO bit to ‘1’, each channel can be individually
set to binary operation mode.

It is also possible to map each channel independently to either of the two limiters available
within the STA323WQS. In the default mode the channels are not mapped to a limiter.

Table 60. Channel Limiter Mapping Selection

CxLS[1,0] Channel limiter mapping
00 Channel has limiting disabled )\t
01 Channel is mapped to limiter #1 \/
10 Channel is mapped to limiter #2 v

Each PWM output channel can receive data from anv chariiel output of the volume block.
Which channel a particular PWM output receives decards on the CxOM register bits for that
channel.

Table 61. Channel PWM output riap)i.ig

CxOM[1:0] PWM output from
00 ~ Channel 1
o1 Channel 2
_1? - Channel 3
VD 11 Not used
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7.10

7.1

7111

T2

7113

Tone control (address 0x11)

D7 D6 D5 D4 D3 D2 D1 DO
TTC3 TTC2 TTCA TTCO BTC3 BTC2 BTCH1 BTCO
0 1 1 1 0 1 1 1
Table 62. Tone control boost/cut selection
BTC[3:0//TTC[3:0] Boost/cut
0000 -12dB
0001 -12dB
0111 4dB o)
0110 -2dB
0111 0d3
1000 +2 4B
1001 +4 dB
1101 \* +12dB
—1
1110 I +12dB
1111 +12dB
Dynamics contral
Limiter 1 a*tac!urelease threshold (address 0x12)
D7 D6 D5 D4 D3 D2 D1 DO
:__ L*A3 L1A2 L1A1 L1AO L1R3 L1R2 L1R1 L1RO
| 0 1 1 0 1 0 1 0
Limiter 1 attack/release threshold (address 0x13)
D7 D6 D5 D4 D3 D2 D1 DO
L1AT3 L1AT2 L1AT1 L1ATO L1RT3 L1RT2 L1RT1 L1RTO
0 1 1 0 1 0 0 1
Limiter 2 attack/release rate (address 0x14)
D7 D6 D5 D4 D3 D2 D1 DO
L2A3 L2A2 L2A1 L2A0 L2R3 L2R2 L2R1 L2R0O
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7.11.4 Limiter 2 attack/release threshold (address 0x15)

D7 D6 D5 D4 D3 D2 D1 DO
L2AT3 L2AT2 L2ATH L2ATO L2RT3 L2RT2 L2RT1 L2RTO
0 1 1 0 1 0 0 1

7115 Dynamics control description

The STA323WQS 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 D, bit 5 address 0x03. £ach
channel can be mapped to Limiter1 or Limiter2, or not mapped.

If a channel is not mapped, that channel will clip normally when 0 dB FS is e«cecded. Each
limiter will look at the present value of each channel that is mapped to ir, vel>ct the
maximum absolute value of all these channels, perform the limiting aiq>rishm on that value,
and then, if needed, adjust the gain of the mapped channels ir (i iscri.

The limiter attack thresholds are determined by the LxAT ragis.ars. When the Attack
Threshold has been exceeded, the limiter, when active, actuomatically starts reducing the
gain. The rate at which the gain is reduced when ti'e atiack threshold is exceeded is
dependent upon the attack rate register setting 1or *hat limiter. A peak-detect algorithms
used to control the gain reduction.

The release of limiter, when the gain \s atain increased, is dependent on an RMS-detect
algorithm. The output of the volume limiter block is passed through an RMS filter. The output
of this filter is compared witk the release threshold, determined by the Release Threshold
register.

When the RMS filter autput falls below the release threshold, the gain is increased at a rate
dependent upoti e elease rate register. The gain can never be increased past its set value
and therefcra e release will only occur if the limiter has already reduced the gain. The
releas threshold value can be used to set what is effectively a minimum dynamic range.
Thizc is t.elpful as over-limiting can reduce the dynamic range to virtually zero and cause
Lrearam material to sound “lifeless”.

in AC mode the attack and release thresholds are set relative to full-scale. In DRC mode the
attack threshold is set relative to the maximum volume setting of the channels mapped to
that limiter and the release threshold is set relative to the maximum volume setting plus the

attack threshold.
Figure 50. Basic limiter and volume flow diagram
Limiter P RMS
v T
Gain/volume ‘/\
Ll
1/
Input Output
—» Gain [——»| Attenuation »| Saturaton ———»
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Table 63. Limiter attack rate selection
LxA[3:0] Attack rate dB/ms
0000 3.1584 Fast
0001 2.7072
0010 2.2560
0011 1.8048
0100 1.3536
0101 0.9024
0110 0.4512
0111 0.2256
1000 0.1504
1001 0.1123
1010 0.0902 ]
1011 0.0752 VAN
1100 00665
1101 0 CaR4
1110 _(J.-()501
1111  0.0451 Slow
Table 64. Limiter release iate selection
LxR[3:0] al Release rate dB/ms
0000 0.5116 Fast
a0 0.1370
5010 0.0744
! 0011 0.0499
N\~ 0100 0.0360
0101 0.0299
0110 0.0264
0111 0.0208
1000 0.0198
1001 0.0172
1010 0.0147
1011 0.0137
1100 0.0134
1101 0.0117
1110 0.0110
1111 0.0104 Slow
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7.11.6 Anti-clipping mode

Table 65. Limiter attack - threshold selection (AC-mode)

LxAT[3:0] AC (dB relative to FS)
0000 12
0001 10
0010 8
0011 6
0100 4
0101 2
0110 0 >
0111 2
1000 13C\M
1001 o
1010 45
1011 6
1100 7
1101 +8
1110 +9
1111 +10
Table 66. Limiter rel_ca.‘f threshold selection (AC-mode)
L XTNT3:0] AC (dB relative to FS)
= 0000 -
R YA 0001 -29dB
kG 0010 -20dB
) 0011 16dB
0100 14dB
0101 -12dB
0110 -10dB
0111 -8dB
1000 7dB
1001 -6dB
1010 -5dB
1011 _4dB
1100 -3dB
1101 -2dB
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Table 66. Limiter release threshold selection (AC-mode) (continued)

1110

-1dB

1111

-0dB

Dynamic range compression mode

Table 67. Limiter attack - threshold selection (DRC-mode)

LxAT[3:0] DRC (dB relative to volume)
0000 31
0001 29
0010 27
0011 .25 N
0100 23
0101 2,
0110 9
0111 a7
1000 ) 16
1001 15
1010 \J| 14
1011 o 13
1100 12
7N~ -10
1110 7
TR 4
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Table 68. Limiter release threshold selection (DRC-mode)

LxRT[3:0] DRC (db relative to Volume + LxAT)
0000 -
0001 38 dB
0010 36 dB
0011 33dB
0100 31 dB
0101 30 dB
0110 28 dB
0111 26 dB
1000 24 dB N
1001 22dB
1010 208
1011 18dB
1100 ~ 15dB
1101 \\< 12 dB
1110 \J 9dB
1111 ‘_ i -6dB

4
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8

8.1

(o]
2 »
’

8.3

User-programmable settings

EQ - biquad equation

The biquads use the equation that follows. This is shown in Figure 51.
Y[n] = 2(b0/2)X[n] + 2(b1/2)X[n-1] + b2X[n-2] - 2(a1/2)Y[n-1] - a2Y[n-2]
= b0X[n] + b1X[n-1] + b2X[n-2] - a1Y[n-1] - a2Y[n-2]
where Y[n] represents the output and X[n] represents the input. Signed, fractional 28-bit

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

Coefficients stored in the user defined coefficient RAM are referenced in the following
manner:

e CxHy0=b1/2
e CxHyl=Db2
e CxHy2=-a1/2
e CxHy3=-a2
e CxHy4 =b0/2

The x represents the channel and the y the biquaa nmber. For example C3H41 is the b0/2
coefficient in the fourth biquad for channel 3.

Figure 51. Biquad filter

P> + >
5
slo
2o »

i
A >|b2

Pre-scale

The pre-scale block, which precedes the first biquad, is used for attenuation when filters are
designed that boost frequencies above 0 dBFS. The Pre-Scale block is a single 28-bit
signed multiplier, with 0x800000 = -1 and Ox7FFFFF = 0.9999998808. By default, all
pre-scale factors are set to Ox7FFFFF.

Post-scale

The STA323WQS provides one additional multiplication after the last interpolation stage and
before the distortion compensation on each channel. The post-scale block is a 24-bit signed
fractional multiplier. The scale factor for this multiplier is loaded into RAM using the same
1°C registers as the biquad coefficients and the mix. All channels can use the same settings
as channel 1 by setting the post-scale link bit.
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8.4 Mix/bass management

The STA323WQS provides one post-EQ mixing block per channel. Each channel has two
mixing coefficients, which are each 24-bit signed fractional multipliers, that correspond to
the two channels of input to the mixing block. These coefficients are accessible via the User
Controlled Coefficient RAM described below. The mix coefficients expressed as 24-bit
signed, fractional numbers in the range +1.0 (8388607) to -1.0 (-8388608), are used to
provide three channels of output from two channels of filtered input.

Figure 52. Mix/bass management block diagram

Channel #1
from EQ C1MX1
v High pass
XO |—— » Channel #1
filter to GC/vol
Channel #2
from EQ C1MX2
C2MX1
.
High pass;
ve, | ) Channel #2
Siter to GC/vol
L
» C2MX2 ]
> C3MX1_I
Low pass
XO » Channel #3
filter to GC/vol
L—» C3MXx2
I e
| |
User defined mix coefficients ~ Crossover frequency determined
] by XO setting.
| User defined when XO = 000

After mixing, STA323WQS also permits the implementation of crossover filters on all
channels corresponding to 2.1 bass management operation. Channels 1 and 2 use a 1st
order, high-pass filter and channel 3 uses a 2nd-order low-pass filter corresponding to the
setting of the XO bits of 1C register 0x0C. If XO = 000, user specified crossover filters are
used.

By default these coefficients correspond to pass-through. However, the user can write these
coefficients in a similar way as the EQ biquads. When user-defined setting is selected, the
user can only write 2nd-order crossover filters. This output is then passed on to the Volume
and Limiter block.

4
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8.5

8.6

8.6.1

8.6.2

8.6.3

8.6.4

8.6.5

Calculating 24-bit signed fractional numbers from a dB value

The pre-scale, mixing, and post-scale functions of the STA323WQS use 24-bit signed
fractional multipliers to attenuate signals. These attenuations can also invert the phase and
therefore range in value from -1 to +1.

It is possible to calculate the coefficient to use for a given negative dB value (attenuation)
using the equations following.
e non-inverting phase numbers 0 to +1:
—  coefficient = round(8388607 * 10(48/20))
e inverting phase numbers 0 to -1:
—  coefficient = 16777216 - round(8388607 * 10(48/20))

As can be seen by the preceding equations, the value for positive phase 0 dB is Ox7FHFFF
and the value for negative phase 0 dB is 0x800000.

User defined coefficient RAM

Coefficient address register 1 (address 0x16)

D7 D6 D5 D4 L3 D2 D1 DO
CFA7 CFA6 CFA5 CFA4 I CFA3 CFA2 CFA1 CFAO
N
0 0 0 Q3 | 0 0 0 0

Coefficient b1data regicter oits 23:16 (address 0x17)

D7 D6 N5 D4 D3 D2 D1 DO
C1B23 c7Br2 C1B21 C1B20 C1B19 C1B18 CiB17 C1B16
0 0 0 0 0 0 0 0
Coefiicient b1data register bits 15:8 (address 0x18)
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 b1data register bits 7:0 (address 0x19)
D7 D6 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 (address 0x1A)
D7 D6 D5 D4 D3 D2 D1 DO
C2B23 C2B22 C2B21 C2B20 C2B19 C2B18 C2B17 C2B16
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8.6.6

8.6.7

8.6.8

8.6.9

8.6.10

8.6.11

8.6.12
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Coefficient b2 data register bits 15:8 (address 0x1B)

D7 D6 D5 D4 D3 D2 D1 DO
C2B15 C2B14 C2B13 C2B12 C2B11 C2B10 C2B9 C2B8
0 0 0 0 0 0 0 0
Coefficient b2 data register bits 7:0 (address 0x1C)
D7 D6 D5 D4 D3 D2 D1 DO
Cc2B7 C2B6 C2B5 C2B4 C2B3 C2B2 C2B1 C2B0
0 0 0 0 0 0 0 0
Coefficient a1l data register bits 23:16 (address 0x1D)
D7 D6 D5 D4 D3 D2 1 DO
C1B23 C1B22 C1B21 C1B20 C1B19 Cc1B18 *5‘ CiB17 C1B16
0 0 0 0 0 v 0 0
Coefficient a1 data register bits 15:8 (addr«ss Ix1E)
D7 D6 D5 D4 J3 D2 D1 DO
C3B15 C3B14 C3B13 CaBy” C3B11 C3B10 C3B9 C3B8
0 0 0 0 0 0 0 0
Coefficient a1l data reris\er bits 7:0 (address 0x1F)
D7 D6 D5 D4 D3 D2 D1 DO
C3B7 2,316 C3B5 C3B4 C3B3 C3B2 C3B1 C3B0
0 V] 0 0 0 0 0 0
Coefficient a2 data register bits 23:16 (address 0x20)
D7 D6 D5 D4 D3 D2 D1 DO
C4B23 C4B22 C4B21 C4B20 C4B19 C4B18 C4B17 C4B16
0 0 0 0 0 0 0 0
Coefficient a2 data register bits 15:8 (address 0x21)
D7 D6 D5 D4 D3 D2 D1 DO
C4B15 C4B14 C4B13 C4B12 C4B11 C4B10 C4B9 C4B8
0 0 0 0 0 0 0 0
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8.6.14

8.6.15

8.6.16

8.6.17

Coefficient a2 data register bits 7:0 (address 0x22)

D7 D6 D5 D4 D3 D2 D1 DO
C4B7 C4B6 C4B5 C4B4 C4B3 C4B2 C4B1 C4B0
0 0 0 0 0 0 0 0
Coefficient b0 data register bits 23:16 (address 0x23)
D7 D6 D5 D4 D3 D2 D1 DO
C5B23 C5B22 C5B21 C5B20 C5B19 C5B18 C5B17 C5B16
0 0 0 0 0 0 0 0
Coefficient b0 data register bits 15:8 (address 0x24)
D7 D6 D5 D4 D3 D2 ) DO
Cc5B15 C5B14 C5B13 C5B12 C5B11 C5B10 <i>  5B9 C5B8
0 0 0 0 0 v 0 0
Coefficient b0 data register bits 7:0 (address 0x25)
D7 D6 D5 D4 DK} D2 D1 DO
C5B7 C5B6 C5B5 ChB-" / C5B3 C5B2 C5B1 C5B0
0 0 0 0 0 0 0 0
Coefficient write control register (address 0x26)
D7 D6 D5 D4 D3 D2 D1 DO
RA R1 WA W1

0

0

0

0

Coeffic.»nts for EQ, Mix and Scaling are handled internally in the STA323WQS via RAM.
Access to this RAM is available to the user via an I°C register interface. A collection of 1°C
registers are dedicated to this function. The first register contains base address of the
coefficient: five sets of three registers store the values of the 24-bit coefficients to be written

or that were read, and one contains bits used to control the reading or writing of the

coefficients to RAM. The following are instructions for reading and writing coefficients.
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Reading and writing coefficients

Reading a coefficient from RAM

o~ owbd -

Write 8-bits of address to 1°C register 0x16.

Write 1 to bit R1 (D2) of 1°C register 0x26.

Read top 8-bits of coefficient in I2C address 0x17.
Read middle 8-bits of coefficient in 1°C address 0x18.
Read bottom 8-bits of coefficient in [°C address 0x19.

Reading a set of coefficients from RAM

® Nk~ ~

©

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

Write 8-bits of address to 12C register 0x16.

Write 1 to bit RA (D3) of I°C register 0x26.

Read top 8-bits of coefficient in I2C address 0x17.
Read middle 8-bits of coefficient in 1°C address 0x18.
Read bottom 8-bits of coefficient in 12C address 0x19.
Read top 8-bits of coefficient b2 in I°C address 0x1A.

Read middle 8-bits of coefficient b2 in 12C addrecs Ix*8.
Read bottom 8-bits of coefficient b2 in I2C adness 0x1C.

Read top 8-bits of coefficient a1 in 12C adaress 0x1D.

Read middle 8-bits of coefficient a1 :n '“C address Ox1E.

Read bottom 8-bits of coefficient ai in I12C address Ox1F.
Read top 8-bits of coefficient a2 in 1°C address 0x20.
Read middle 8-bits » cczrficient a2 in I2C address 0x21.

Read bottom 8-1:'s ot coefficient a2 in I°C address 0x22.

Read top £-bits of coefficient b0 in 12C address 0x23.
Rezd midale 8-bits of coefficient b0 in I°C address 0x24.

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

Nriting a single coefficient to RAM

o~ oD~

Write 8-bits of address to 12C register 0x16.

Write top 8-bits of coefficient in 1°C address 0x17.
Write middle 8-bits of coefficient in 1°C address 0x18.
Write bottom 8-bits of coefficient in I°C address 0x19.
Write 1 to W1 bit in 1°C address 0x26.
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8.7.4

Writing a set of coefficients to RAM

© N ok~

©

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

Write 8-bits of starting address to 1°C register 0x16.
Write top 8-bits of coefficient b1 in I°C address 0x17.
Write middle 8-bits of coefficient b1 in I1°C address 0x18.

Write bottom 8-bits of coefficient b1 in I2C address 0x19.

Write top 8-bits of coefficient b2 in 12C address Ox1A.

Write middle 8-bits of coefficient b2 in I°C address 0x1B.
Write bottom 8-bits of coefficient b2 in I2C address 0x1C.

Write top 8-bits of coefficient a1 in I°C address 0x1D.

Write middle 8-bits of coefficient a1 in I2C address Ox1E.

Write bottom 8-bits of coefficient a1 in 12C address Ox1F.
Write top 8-bits of coefficient a2 in I2C address 0x20.
Write middle 8-bits of coefficient a2 in I2C address 0x21.

Write bottom 8-bits of coefficient a2 in I2C address 0x22.

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

Write bottom 8-bits of coefficient b0 in I2C address 0.25.

Write 1 to WA bit in 12C address 0x26.

The mechanism for writing a set of coefficienis v RAM provides a method of simultaneously
updating the five coefficients correspcnaing to a given biquad (filter) to avoid possible
unpleasant acoustic side-effects. When 1:sing this technique, the 8-bit address specifies the
address of the biquad b1 coefficierit (for example 0, 5, 10, 15, ..., 45 decimal), and the
STA323WAQS generates the #Al addresses as an offsets from this base value to write the
complete set of coefficient data.

Table 69. Rf‘.‘.f winck for biquads, mixing, and scaling
Index (de«:ima)ﬁ Index (hex) Coefficient Default

0 X 0x00 C1H10 (b1/2) 0x000000

(< 0x01 C1H11 (b2) 0x000000

|—2 0x02 Channel 1 - biquad 1 C1H12 (a1/2) 0x000000

3 0x03 C1H13 (a2) 0x000000

4 0x04 C1H14 (b0/2) 0x400000

5 0x05 Channel 1 - biquad 2 C1H20 0x000000
19 0x13 Channel 1 - biquad 4 C1H44 0x400000
20 0x14 C2H10 0x000000
21 0x15 Channel 2 - biquad 1 C2H11 0x000000
39 0x27 Channel 2 - biquad 4 C2H44 0x400000
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Table 69. RAM block for biquads, mixing, and scaling (continued)

Index (decimal) | Index (hex) Coefficient Default
40 0x28 C12HO (b1/2) 0x000000
41 0x29 High-pass 2"9-order C12H1 (b2) 0x000000
42 0x2A For ;'ge: 000 C12H2 (a1/2) 0x000000
43 0x2B C12H3 (a2) 0x000000
44 0x2C C12H4 (b0/2) 0x400000
45 0x2D C12L0 (b1/2) 0x000000
46 OX2E || ow-Pass 2"order fiter|  C12L1 (b2) 0x000000
47 Ox2F For XO = 000 c12L2 (a1/2) 0x00900
48 0x30 C12L3 (a2) (4000000 |
49 0x31 C12L4 (b0/2) | 0x400000
50 0x32 Channel 1 - post scale C1Pre5 \ Ox7FFFFF
51 0x33 Channel 2 - post scale PP Ox7FFFFF
52 0x34 Channel 1 - post scale C1PstS 0x7FFFFF
53 0x35 Channel 2 - post sca.~ 1 C2PstS Ox7FFFFF
54 0x36 Channel 3 - iost ~zale C3PstS 0x7FFFFFh
55 oxg7 | Therna :(;:l’;”g - post TWPstS O0X5A9DF7
56 0x38 Channel 1 - mix 1 CIMX1 OX7FFFFF
57 033 Channel 1 - mix 2 CiMX2 0x000000
58 | _»ﬁ_st_ Channel 2 - mix 1 C2MX1 0x000000
59 I 0x3B Channel 2 - mix 2 Ca2mMXx2 Ox7FFFFF
6 0x3C Channel 3 - mix 1 CamX1 0x400000
o1 0x3D Channel 3 - mix 2 C3MX2 0x400000

62 Ox3E Unused
63 Ox3F Unused

Variable max power correction (address 0x27-0x28)

The MPCC bits determine the 16 MSBs of the MPC compensation coefficient. This
coefficient is used in place of the default coefficient when MPCV = 1.

D7

D6

D5

D4

D3

D2

D1

DO

MPCC15

MPCC14

MPCC13

MPCC12

MPCC11

MPCC10

MPCC9

MPCC8

0

0

1

0

1

1

MPCC7

MPCC6

MPCC5

MPCC4

MPCC3

MPCC2

MPCC1

MPCCO

1

1

0

0

0

0
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8.10

8.10.1

Q0 U.2

Fault detect recovery (address 0x2B - 0x2C)

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

D7 D6 D5 D4 D3 D2 D1 DO
FRDC15 FDRC14 FDRC13 FDRC12 FDRC11 FDRC10 FDRC9 FDRC8
0 0 0 0 0 0 0 0
FDRC7 FDRC6 FDRC5 FDRC4 FDRC3 FDRC2 FDRCH1 FDRCO
0 0 0 0 1 1 0 0

Status indicator register (address 0x2D)

D7 D6 D5 D4 D3 D2 D1 DO
PLULL \ FAULT TWARN
0 1 1

STATUS register bits serve the purpose of communicauny the detected error or warning
condition to the user. This is a read-only register ar.a writing to this register would not be of
any consequence.

Thermal warning indicator

Table 70. Thermal warni.a \ndicator

Bit R/W ’ ]CT Name Description

".—
0: thermal warning detected
0 RO 1 RWRAN warning .
1: normal operation (no thermal warning)

If the power stage thermal operating conditions are exceeded, the thermal warning indicator
tre nomits a signal to the digital logic block to initiate a corrective procedure. This register bit
is set to 0 to indicate a thermal warning and it reverts back to its default state as soon as the
cause of the thermal warning has been corrected.

Fault detect indicator

Table 71.  Fault detect indicator

Bit R/W RST Name Description

0: fault issued from the power stage

1 RO 1 FAULT .
1: normal operation (no fault)

As soon as the power stage issues a Fault error signal, thereby initiating the Fault recovery
procedure described in Section 8.9, this register bit is set to 0 to indicate the error to the
user. As soon as the fault condition (over-current or thermal) is corrected, this bit is reset
back to its default state.
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PLL unlock indicator

Table 72. PLL unlock indicator
Bit R/W RST Name Description
0: normal operation (PLL is in a locked state)
7 RO PLLUL | 1: PLL unlock is detected (due to probable

clock loss)

Under normal conditions (with the correct clock) the PLL is locked into an internal clocking
frequency. However, if the clock is insufficient or if it is abruptly lost, the PLL lock state is lost
and this information is relayed to the user via setting the PLLUL bit of the Status register

to 1. As soon as the PLL reverts back to a locked state, this bit is set to 0.
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Figure 53. PowerS0-36 slug down outline drawing
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Table 73. PowerS0O-36 slug down dimensions

mm inch
Symbol
Min Typ Max Min Typ Max

A - i 3.60 ] - 0.142

at 0.10 - 0.30 004 - 012

a2 - - 3.30 - - 0.130

a3 0 - 0.10 0 - 004

b 0.22 - 0.38 0.009 - 0.015

0.23 i 0.32 0.009 - 0.013

D 15.80 - 16.00 0.622 - 0.520

D1 9.40 - 9.80 0.370 - 0.26C

E 13.90 - 14.50 0.547 - 0.571

E1 10.90 - 11.10 0.429 ¢~ 0.437
E2 - - 2.90 - - 0.114
E3 5.80 - 6.20 02.83 - 0.244

e - 0.65 i _ _'L|_<_ 0.026 i

e3 - 11.05 i i 0.435 i

G 0 i 010 0 - 0.004

H 15.50 - 15.90 0.610 - 0.626

h - R ERT: - - 0.043

L 0.80 N 1.10 0.031 - 0.043

M 225 |- 2.60 0.089 - 0.102

N O - 10 degrees - - 10 degrees
R |- 0.30 i i 0.012 :
l: X - - 8 degrees - - 8 degrees

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.

4
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License information

Supply of this product does not convey a license under the relevant intellectual property of
the companies mentioned in this chapter nor imply any right to use this intellectual property
in any finished end-user or ready to use final product. An independent license for such use
is required and can be obtained by contacting the company or companies concerned. Once
the license is obtained, a copy must be sent to STMicroelectronics. The details of all the
features requiring licenses are not provided within the datasheet and register manual. They
are provided only after a copy of the license has been received by STMicroelectronics.

The feature requiring license is:

QXpander®, QHD®

QHD® and QXpander® are intellectual property of QSound Labs Inc. A license ~an ve
obtained with the STA323WQS via STMicroelectronics,please contact the {{1>C Audio
Division Product Manager for details.

Alternatively the license can be obtained directly from QSound '.cbe I'ic.
For details please contact:

sales@qsound.com

or

QSound Labs, Inc

400 - 3115 12th Street NE

Calgary, AB

Canada T2E 7J2
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Trademarks and other acknowledgements

DDX is a registered trademark of Apogee Technology Inc.
ECOPACK is a registered trademark of STMicroelectronics.
QHD and QXpander are registered trademarks of QSound Labs Inc.
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Revision history

Table 74. Document revision history
Date Revision Changes
Updated pin 1 connection
05-May-2008 2 P P! . ! .
General presentation revision
02-Jan-2007 1 Initial release
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