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[ CS4349

192-kHz DAC with Volume Control and 1 Vrms @ 3.3 V

Features

Advanced multibit delta—sigma architecture
101 dB dynamic range

-91 dB THD+N at 5.0 V

-84 dB THD+N at 3.3V

24-bit conversion

Supports audio sample rates up to 192 kHz
Low-latency digital filtering

Single-ended analog output architecture

Automatic sample-rate range detection

® €& & & & o o o o o

Popguard® technology for control of clicks and
pops
— Hardware Popguard disable for fast

¢ Supports all standard serial audio formats
including time-division multiplexed (TDM)

¢ +3.3Vor+5.0V analog supply
¢ +1.5Vto +5.0 V logic supplies for serial port
¢ +3.3Vto +5.0 V control port interface

Control Port Mode Features

¢ SPI™ and I)C™ Modes
¢ ATAPI mixing
¢ Mute control for individual channels

4 Digital volume control with soft ramp
— 127.5 dB attenuation
— 1/2 dB step size
— Zero-crossing click-free transitions
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Description

The CS4349 is a complete stereo digital-to-analog system including digital interpolation, 5th-order multi-bit delta-
sigma digital-to-analog conversion, digital de-emphasis, volume control, channel mixing, and analog filtering. The
advantages of this architecture include ideal linearity, no distortion mechanisms due to resistor matching errors, no
linearity drift over time and temperature, tolerance to clock jitter, and a minimal set of external components.

The CS4349 supports all standard digital audio interface formats, including TDM.

The CS4349 is available in a 24-pin TSSOP package in both Commercial (-40° to +85°C) and Automotive grades
(-40° to +105°C). The CDB4349 Customer Demonstration board is also available for device evaluation and imple-
mentation suggestions. “Ordering Information” on page 39 provides complete ordering information.

These features are ideal for cost-sensitive, two-channel audio systems, including DVD players and recorders, set-
top boxes, digital TVs, mini-component systems, musical instruments and automotive audio systems.
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1 PIN DESCRIPTION

CS4349

DIF2(AD1/CDOUT) [ T || 1 24 [T | RST
DEM(ADO/CS) [ || 2 23 7] TSTO
DIFO(SDA/CDIN) [T || 3 22 [T ] AOUTB
DIF1(SCL/CCLK) [ || 4 21 [T 1 BMUTEC

VLC[ | 5 20 1va
VD_FILT [ || 6 19 |7 ] GND
GND [ T || 7 18 [T ] VA
POPGUARD(TSTO) [ || 8 17 7] VBIAS
VLS [] 9 16 1| AMUTEC
scLk [ ]/ 10 15 [T_ ] AOUTA
SDIN [ | 11 14 (7] TSTO
LRCK [ 1] 12 13 [T ] TSTO

Table 1. Pin Description

Pin Name # Pin Description

VLC 5  Control Interface Power (/Input) - Positive power for the hardware/software control interface

VD_FILT 6  Regulator Voltage (Output) - Filter connection for internal voltage regulator

GND 7,19 Ground (/Input) - Ground reference

VLS 9  Serial Audio Interface Power (/nput) - Positive power for the serial audio interface

SCLK 10  Serial Clock (/nput) - Serial bit-clock for the serial audio interface

SDIN 11 Serial Audio Data Input (/nput) - Input for two’s complement serial audio data

LRCK 12 Left/Right Qlock (Input) - Determines which channel, Left or Right, is currently active on the serial
audio data line

TSTO 13 Test Output (Output) - This pin needs to be floating and not connected to any trace or plane.

TSTO ;g Test Output (Output) - These pins need to be floating and not connected to any trace or plane.

AOUTA 15 Analog Outputs (Output) - The full-scale output level is specified in “DAC Analog Characteristics -

AOUTB 22  Commercial (-CZZ)” on page 9.

% ;(13 Mute Control (Output) - Control signals for optional mute circuit

VBIAS 17  Positive Voltage Reference (Output) - Positive reference voltage for the internal DAC

VA 18 Analog Power (/nput) - Positive power supply for the analog section

vQ 20 Quiescent Voltage (Output) - Filter connection for internal quiescent voltage

RST 24 Reset (Input) - When pulled low, device will power down and reset all internal registers to their default

settings.
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Table 1. Pin Description

Pin Name #

Pin Description

Control Port Definitions

AD1/CDOUT 1

Address Bit 1 / Serial Control Data Out (//O) - Chip address bit 1 in I°C Mode or data output in SPI Mode

ADO/CS 2  Address Bit 0/ Chip Select (/nput) - Chip address bit 0 in I°C Mode or Chip Select in SPI Mode
SDA/CDIN 3 Serial Control Data In (//O) - Input/Output for I?C data. Input for SPI data

SCL/CCLK 4  Serial Control Port Clock (/nput) - Serial clock for the control port interface

TSTO 8  Test Output (Output) - This pin needs to be floating and not connected to any trace or plane.

Stand-Alone Definitions

B:E? i Digital Interface Format (/nput) - Defines the required relationship between the Left Right Clock, Serial
Clock, and Serial Audio Data

DIF2 1

DEM 2 De-emphasis (/Input) - Selects the standard 15 us/50 ps digital de-emphasis filter response for
44 1 kHz sample rates

POPGUARD o Popguard Enable (Input/Output) - At RST this pin is an input to enable Popguard when pulled high;

Otherwise pull low to disable. After RST is released this pin becomes TSTO.
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2 CHARACTERISTICS AND SPECIFICATIONS
21 Recommended Operating Conditions
GND = 0 V; all voltages with respect to ground.
Table 2. Recommended Operating Conditions
Parameters Symbol Min Typ Max Units
DC Power Supply Analog power VA 475 5.0 5.25 \%
VA 3.14 3.3 3.46 \Y
Serial Audio Interface power VLS 1.35 3.3 5.25 \
Control Interface power VLC 3.14 3.3 5.25 \Y
Ambient Operating Temperature (Power Applied)
Commercial (-CZZ2) Ta -40 - +85 °C
Automotive (-DZZ) Ta -40 - +105 °C
2.2 Absolute Maximum Ratings
GND = 0 V; all voltages with respect to ground (Note 1).
Table 3. Absolute Maximum Ratings
Parameters Symbol Min Max Units
DC Power Supply Analog power VA -0.3 6.0 \%
Serial Audio Interface power VLS -0.3 6.0 \Y
Control Interface power VLC -0.3 6.0 \
Input Current (Note 2) lin - 10 mA
Digital Input Voltage Serial Audio Interface VIN-LS -0.3 VLS+ 0.4 V
Control Interface V|N-LC -0.3 VLC+ 0.4 \Y
Ambient Operating Temperature (power applied) Ta -55 125 °C
Storage Temperature Tstg -65 150 °C
Notes: 1. Operation beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.
2. Any pin except supplies.
DS782F2
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2.3 DAC Analog Characteristics - Commercial (-CZ2Z)

Test conditions (unless otherwise specified): VLS = VLC = 3.3 V; T = 25° C; input test signal is a 997 Hz
sine wave; Valid with the recommended capacitor values on VFILT, VQ, and VBIAS and output circuit as shown in the
typical connection diagram in Figure 10 and Figure 17; Fs =48 kHz, 96 kHz, and 192 kHz; measurement
bandwidth 10 Hz to 20 kHz.

Table 4. DAC Analog Characteristics - Commercial (-CZZ)

Parameter Symbol Min Typ Max Unit
VA=50V
Dynamic Range (Note 3) 24-bit  A-Weighted 98 101 - dB
unweighted 95 98 - dB
16-bit A-Weighted - 95 - dB
unweighted - 92 - dB
Total Harmonic Distortion + Noise (Note 3) -
24-bit 0dB - -91 -85 dB
-20 dB - -78 - dB
-60 dB| THD+N - -38 -35 dB
16-bit 0dB - -90 - dB
-20 dB - -72 - dB
-60 dB - -32 - dB
VA=33V
Dynamic Range (Note 3) 24-bit  A-Weighted 98 101 - dB
unweighted 95 98 - dB
16-bit A-Weighted - 95 - dB
unweighted - 92 - dB
Total Harmonic Distortion + Noise (Note 3)
24-bit 0dB - -86 -79 dB
-2dB - -91 - dB
-20 dB - -78 - dB
60dg| DN - 38 35 dB
16-bit 0dB - -83 - dB
-20 dB - -72 - dB
-60 dB - -32 - dB
VA=50to3.3V
Interchannel Isolation (1 kHz)| - 100 - dB
DC Accuracy
Interchannel Gain Mismatch - 0.1 0.25 dB
Gain Drift - -400 - ppm/°C
Analog Output
Full Scale Output Voltage 2.70 2.78 2.97 Vpp
Quiescent Voltage Va - 0.5VA - VvDC
Max DC Current draw from an AOUT pin loUTmax - 10 - pA
Max Current draw from VQ lamax - 100 - pA
Max AC-Load Resistance (Note 4) Re - 3 - kQ
Max Load Capacitance (Note 4) C_ - 100 - pF
Output Impedance Zout - 100 - Q

Notes: 3. One LSB of triangular PDF dither is added to data. See Figure 3, Figure 4, and Figure 5 for details on
THD+N performance.
4. R and C| represent the minimum resistance and maximum capacitance required for the CS4349’s in-
ternal op-amp to remain stable. See Figure 1 and Figure 2 for more details.
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24 DAC Analog Characteristics - Automotive (-DZZ)

CS4349

Test conditions (unless otherwise specified): VLS =1.35V t0 5.25V, VLC =3.14 V10 5.25V, T, =-40° C
to 85° C, input test signal is a 997 Hz sine wave; Valid with the recommended capacitor values on VFILT, VQ, and
VBIAS and output circuit as shown in the typical connection diagram in Figure 10 and Figure 17; Fs = 48 kHz,

96 kHz, and 192 kHz; measurement bandwidth 10 Hz to 20 kHz.

Table 5. DAC Analog Characteristics - Automotive (-DZZ)

Parameter Symbol Min Typ Max Unit
VA=475Vto 525V
Dynamic Range (Note 3) 24-bit  A-Weighted 95 101 - dB
unweighted 92 98 - dB
16-bit A-Weighted - 95 - dB
unweighted - 92 - dB
Total Harmonic Distortion + Noise (Note 3)
24-bit 0dB - -91 -85 dB
-20 dB - -78 - dB
-60 dB| THD+N - -38 -32 dB
16-bit 0dB - -90 - dB
-20 dB - -72 - dB
-60 dB - -32 - dB
VA=314Vto3.46V
Dynamic Range (Note 3) 24-bit  A-Weighted 95 101 - dB
unweighted 91 98 - dB
16-bit A-Weighted - 95 - dB
unweighted - 92 - dB
Total Harmonic Distortion + Noise (Note 3)
24-bit 0dB - -81 -50 dB
-2dB - -91 - dB
-20 dB - -78 - dB
60dg| THO*N - 38 31 dB
16-bit 0dB - -83 - dB
-20 dB - -72 - dB
-60 dB - -32 -
VA=314t05.25V
Interchannel Isolation (1 kHz)| - 100 - dB
DC Accuracy
Interchannel Gain Mismatch - 0.1 0.25 dB
Gain Drift - -400 - ppm/°C
Analog Output
Full Scale Output Voltage 2.63 2.78 3.05 Vpp
Quiescent Voltage Va - 0.5-VA - VvDC
Max DC Current draw from an AOUT pin loUTmax - 10 - pA
Max Current draw from VQ lamax - 100 - pA
Max AC-Load Resistance (Note 4) RL - 3 - kQ
Max Load Capacitance (Note 4) C_ - 100 - pF
Output Impedance Zout - 100 - Q
10 DS782F2
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2.5‘ 5 15 | 15 éo
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Figure 1. Output Test Load

Figure 2. Maximum Loading

Figures 3 through 5 show typical THD+N performance for CS4349 devices that exhibit the maximum full
scale output voltages as specified in the DAC Analog Characteristics tables (see page 9 and 10). With
decreasing VA, THD+N performance is increasingly affected by the full scale output voltage and
temperature, with higher full scale output voltage and lower temperatures corresponding to lower THD+N

performance.
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Figure 3. THD+N vs Output Amplitude for VA=5.0 V

THD+N (dB)

Figure 5.

THD+N vs Output Amplitude for VA =3.14 V
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Figure 4. THD+N vs Output Amplitude for VA=3.3V
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2.5 Combined Interpolation and On-Chip Analog Filter Response

CS4349

The filter characteristics have been normalized to the sample rate (Fs) and can be referenced to the desired
sample rate by multiplying the given characteristic by Fs. Amplitude vs. Frequency plots of this data are
available in the “Filter Plots” on page 36.

Table 6. Combined Interpolation and On-Chip Analog Filter Response

Parameter | Min ‘ Typ Max Unit
Fast Roll-Off
Passband (Note 5) -0.01 dB corner (Single Speed) 0 - 454 Fs
-0.1 dB corner (Double Speed) 0 - 42 Fs
-0.2 dB corner (Quad Speed) 0 - .27 Fs
-3 dB corner (All Speed Modes) 0 - 499 Fs
Frequency Response 10 Hz to 20 kHz Single Speed -0.01 - +0.01 dB
Double Speed, Quad Speed -0.02 - +0.02 dB
StopBand 0.547 - - Fs
Stop-Band Attenuation (Note 6) 102 - - dB
Total Group Delay (Fs = Output Sample Rate) TDM Slot 0 Channel B - 8.4/Fs - S
All Other Interface Formats and TDM Slots/Channels - 9.4/Fs - S
Intrachannel Phase Deviation - - 10.56/Fs S
Inter-channel Phase Deviation - - 0 S
De-emphasis Error (Note 7) Fs =32 kHz - - +0.23 dB
(Relative to 1 kHz) Fs =44.1 kHz - - +0.14 dB
Fs =48 kHz - - +0.09 dB
Slow Roll-Off (Note 8)
Passband (Note 5) -0.01 dB corner (Single Speed) 0 - 0.417 Fs
-0.1 dB corner (Double Speed) 0 - 37 Fs
-0.2 dB corner (Quad Speed) 0 - .27 Fs
-3 dB corner (All Speed Modes) 0 - 499 Fs
Frequency Response 10 Hz to 20 kHz Single Speed -0.01 - +0.01 dB
Double Speed, Quad Speed -0.02 - +0.02 dB
StopBand .583 - - Fs
Stop-Band Attenuation (Note 6) 64 - - dB
Total Group Delay (Fs - Output Sample Rate) TDM Silot 0 Channel B - 5.5/Fs - s
All Other Interface Formats and TDM Slots/Channels - 6.5/Fs - S
Intrachannel Phase Deviation - - 1+0.14/Fs S
Inter-channel Phase Deviation - - 0 S
De-emphasis Error (Note 7) Fs =32 kHz - - +0.23 dB
(Relative to 1 kHz) Fs =44.1 kHz - - +0.14 dB
Fs =48 kHz - - +0.09 dB

Response is clock dependent.
The Measurement Bandwidth is from stopband to 3 Fs.

De-emphasis is available only in Single-Speed Mode; Only 44.1 kHz De-emphasis is available in Stand-

Alone Mode.

Slow Roll-off interpolation filter is only available in Control Port Mode.

Notes: 5.
6.
7.
8.
12
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2.6 Switching Specifications - Serial Audio Interface

Inputs: Logic 0 = GND; Logic 1 = VLS; C_ = 20 pF.

Table 7. Switching Specifications - Serial Audio Interface

Parameters | Symbol | Min Max | Units
3.14V<VA<525Vand 1.35 V<VLS <5.25V
Input Sample Rate Single-Speed Mode 30 54
Double-Speed Mode Fs 60 108 kHz
Quad-Speed Mode 120 216
LRCK Duty Cycle (Non-TDM Mode) 40 60 %
SDIN Setup Time Before SCLK Rising Edge tys 1 - ns
SDIN Hold Time After SCLK Rising Edge tah 1 - ns
475V <VA <5.25Vand 3.14 V <VLS <5.25V
SCLK Frequency - 55.3 MHz
SCLK High Time tsckn 6 - ns
SCLK Low Time tsckl 6 - ns
Non-TDM Mode (refer to Figure 6)
LRCK Edge to SCLK Rising Edge ticks 1 - ns
SCLK Rising Edge to LRCK Edge tickd 1 - ns
TDM Mode (refer to Figure 7)
LRCK High Time tirekh 6 - ns
SCLK Rising to LRCK Falling Edge ttsh 3 - ns
LRCK Rising Edge to SCLK Rising Edge trss 1 - ns
314V <VA<475Vor1.35V<VLS<3.14V
SCLK Frequency - 27.7 MHz
SCLK High Time tsckh 11 - ns
SCLK Low Time tsckl 1 - ns
Non-TDM Mode (refer to Figure 6)
LRCK Edge to SCLK Rising Edge ticks 16 - ns
SCLK Rising Edge to LRCK Edge tiekd 1 - ns
TDM Mode (refer to Figure 7)
LRCK High Time tirckh 25 - ns
SCLK Rising to LRCK Falling Edge trsh 8 - ns
LRCK Rising Edge to SCLK Rising Edge tss 1 - ns
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tirckn

LRCK ; \
(ineut) | LRCK
| tioka : tioks tokn | toou (imputy 1 oo - oot |
SCLK J—\— —\—/7 | —
) N - B U B |
{ tes | ton | ‘ Jlas | tan |
| | |
SDIN | MSB | msa1 SDIN :>< ‘ MSB | mse-1
(input) 1 | (Input) |
Figure 6. Serial Port Timing, Non-TDM Mode Figure 7. Serial Port Timing, TDM Mode
2.7 Switching Characteristics - Control Port - I’°C Format
Inputs: Logic 0 = GND; Logic 1 = VLC; C| = 20 pF.
Table 8. Switching Characteristics - Control Port - I°C Format
Parameter Symbol Min Max Unit
SCL Clock Frequency fsel - 100 kHz
RST Rising Edge to Start tirs 500 - ns
Bus Free Time Between Transmissions touf 4.7 - us
Start Condition Hold Time (prior to first clock pulse) thast 4.0 - us
Clock Low time tow 4.7 - ps
Clock High Time thigh 4.0 - us
Setup Time for Repeated Start Condition tsust 4.7 - us
SDA Hold Time from SCL Falling (Note 9) thad 0 - us
SDA Setup time to SCL Rising tsug 250 - ns
Rise Time of SCL and SDA tre tre - 1 us
Fall Time SCL and SDA te, tic - 300 ns
Setup Time for Stop Condition tsusp 4.7 - us
Acknowledge Delay from SCL Falling tack 300 1000 ns

Notes: 9.t only needed before first falling edge of CS after RST rising edge. tspi = 0 at all other times.

Data must be held for sufficient time to bridge the transition time, t;,, of SCL.

RST
irs
Repeated
Stop Start Stort
SDA /
It
t t,.
buf ! hdst high
4’_‘>S ((— f
]
SCL ‘J L L J
tIow t hdd tsud Lack tsust te

Figure 8. Control Port Timing - I°C Format
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2.8 Switching Characteristics - Control Port - SPI Format

Inputs: Logic 0 = GND; Logic 1 = VLC; C| =20 pF.

Table 9. Switching Characteristics - Control Port - SPI Format

Parameter Symbol Min Max Unit
CCLK Clock Frequency fsclk - 6 MHz
RST Rising Edge to CS Falling tors 500 - ns
CCLK Edge to CS Falling (Note 10) tspi 500 - ns
CS High Time Between Transmissions tesh 1.0 - ps
CS Falling to CCLK Edge toss 20 - ns
CCLK Low Time tscl 66 - ns
CCLK High Time tsch 66 - ns
CDIN to CCLK Rising Setup Time tasu 40 - ns
CCLK Rising to DATA Hold Time (Note 10) tdn 15 - ns
Rise Time of CCLK and CDIN (Note 11) tro - 100 ns
Fall Time of CCLK and CDIN (Note 11) tro - 100 ns
Transition Time from CCLK to CDOUT Valid (Note 12) tscdov - 100 ns
Time from CS rising to CDOUT High-Z tescdo - 100 ns

Notes: 10. Data must be held for sufficient time to bridge the transition time of CCLK.
11. For Fgck < 1 MHz.
12. CDOUT should not be sampled during this time.

RST t

srs
CS %

tepi foss t t

p _[ scl | “sch tesh
CCLK ﬂ
— -
ke o

.
te

tro S
CDIN >< /%

tdsu tgn
:) )
CDOUT g Hi-Impedance
J
> >«
t t t
scdov scdov cscdo

Figure 9. Control Port Timing - SPI Mode
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2.9 Digital Characteristics
Table 10. Digital Characteristics
Parameters Symbol Min Typ Max Units
High-Level Input Voltage VLCorVLS =50V Viy 0.7V - - \
VLCorVLS =33V ViH 2.0 - - \Y
VLS =25V ViH 1.7 - - Vv
VLS =15V Viy 0.75V| - - \Y,
High-Level Input Voltage VLCorVLS=5.0V Vi - - 0.35V \Y
VLCorVLS =33V Vi - - 0.8 \Y
VLS=25V VL - - 0.7 \%
VLS =15V VL - - 0.25-V \Y
Input Leakage Current lin - - 10 pA
Input Capacitance - 8 - pF
Maximum MUTEC Drive Current - 2 - mA
MUTEC High-Level Output Voltage Vou - VA - \%
MUTEC Low-Level Output Voltage VoL - 0 - \Y
210 Power and Thermal Characteristics
Table 11. Power and Thermal Characteristics
Parameters Symbol Min Typ Max Units
Power Supply Current - Normal Operation (Note 13) VA=50V In - 28 34 mA
VA=3.3V I - 24 29 mA
VLS =VLC =5.0 V (Note 14) ILs - 4 6 mA
VLS =VLC =3.3 V (Note 14) ILs - 2 5 mA
VLS =VLC=5.0V (Note 14) ILc - 14 18 mA
VLS =VLC=3.3V (Note 14) ILc - 14 18 mA
Power Supply Current - Power-Down State (Note 15)
VA, VLS VLC Ipd - 100 - pA
Power Dissipation - Normal Operation (Note 13)
VA=VLC=VLS=5.0V - 230 290 mwW
VA=VLC=VLS=3.3V - 132 171 mwW
Power Dissipation - Power-Down State (Note 15)
VA=VLC=VLS =50V - 0.5 - mwW
VA=VLC=VLS =33V - 0.33 - mwW
Power Supply Rejection Ratio (Note 16) (1kHz)| PSRR - 60 - dB
(60 Hz)| PSRR - 50 - dB

Notes: 13. Current consumption increases with increasing Fs within the range of a speed mode. Variance between
speed modes is small. Typ and Max values are based on Fs = 48 kHz.

14. 1 c measured with no external loading on pin 2 (SDA).
15. Power-down mode is defined as RST pin = Low with all clock and data lines held static.
16. Valid with the recommended capacitor values on VFILT, VQ, and VBIAS+ as shown in the typical con-

nection diagram in Figure 10.

16
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3 TYPICAL CONNECTION DIAGRAM

* * * +33V
F-- - ———=—=——== 1 0.1 uF L L 10 pF
| VLS = PopGuard Enable | '
| GND = PopGuard DlsabIeJI (19 .| 10uF
______ A——— —
L S S
Zz vBIAS+ (17)

———»(8) POPGUARD(TSTO)

Digal | (7)) LRCK 0.1 Wk

Audio 10k
Source > @ SCLK
———»(77) SDIN

+1.5Vt0+3.3V %»T—»Cg VLS AMUTEC (16) ¢
01 pF Single-ended Output
1 CS4349  A0UTA+ (1——> Fier —>  AOUTA

+33V >_0—4T‘—>@ vLC SUTES @) .

0.1 WF
Single-ended Output
AOUTB+ (22— Filtor —»  AOUTB

|||—|

———»(24) RST

uC/

Mode ——(4) DIF1(SCLICCLK)
Configuration e DIFO(SDA/CDIN)
—(2) DEM(ADO/CS)
<«—( 1) DIF2(AD1/CDOUT)

—_
—G

Figure 10. Typical Connection Diagram
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4 APPLICATIONS

41 Sample Rate Range and Oversampling Mode Detect

The device operates in one of three oversampling modes based on the input sample rate. In Control Port
Mode, the allowed sample rate range in each mode depends on how the FM[1:0] bits are configured. In
Stand-Alone Mode, the sample-rate range is as shown Table 12.

4.1.1 Sample Rate Auto-Detect

The Auto-Detect feature is enabled by default. In this state, the CS4349 auto-detects the correct mode
when the input sample rate (Fs), defined by the LRCK frequency, falls within one of the ranges shown in
Table 12. Sample rates outside the specified range for each mode are not supported when Auto-Detect

is enabled.
Input Sample Rate (Fs) Mode
30 kHz - 54 kHz Single-Speed Mode
60 kHz - 108 kHz Double-Speed Mode
120 kHz - 216 kHz Quad-Speed Mode

Table 12. CS4349 Auto-Detect

In Control Port Mode, the Auto-Detect feature can be disabled by the Functional Mode (FM[1:0]) bits in
the control port register 02h. In this state, the CS4349 will not auto-detect the correct mode based on the
input sample rate (Fs). The operational mode must then be set manually according to one of the ranges
referred to in Section 8.2.3. Sample rates outside the specified range for each mode are not supported.
In Stand-Alone Mode, it is not possible to disable auto-detect of sample rates.

4.2 System Clocking

The device requires external generation of the left/right (LRCK) and serial (SCLK) clocks. The left/right
clock, defined also as the input sample rate (Fy).

Refer to Section 4.3 for the required SCLK-to-LRCK timing associated with the selected digital interface
format, and “Switching Specifications - Serial Audio Interface” on page 13 for the maximum allowed clock
frequencies.
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4.3 Digital Interface Format

The device will accept audio samples in 1 of 8 digital interface formats, as shown in Table 13 on page 24
for Stand-Alone Mode and Table 14 on page 29 for Control Port Mode.

The desired serial audio interface format is selected via the DIF[2:0] bits in Control Port Mode (see
Section 8.2.1), or the DIF[2:0] pins in Stand-Alone Mode (see Section 5.1). For illustrations of the required
relationship between LRCK, SCLK and SDIN, see Figures 11-13. For all formats, SDIN is valid on the rising
edge of SCLK.

For more information about serial audio formats, refer to the Cirrus Logic Application Note AN282,
The 2-Channel Serial Audio Interface: A Tutorial, available at www.cirrus.com.

(o € C
7 )T 2
LRCK Left Channel ‘ Right Channel ’J
s JLALULULT ﬁﬂmmwmmm Wﬁﬁ gLﬂ_ﬂﬂ_ﬂ_ﬂ_ﬂ_ﬂ_FLﬂ_ﬂﬁ QU_U_LR
)

)

L) (
% iy
Figure 11. Left-Justified up to 24-Bit Data

SDIN LsB

MSB

71‘72‘73 -4 71‘72‘,3‘ ‘m‘«a‘fz‘

¢ C C C

LRCK *‘ Left Channel L) %J ' Right Channel VY L
Mﬂﬁ ﬁﬂmmwmmm m ipipipinipipipipiniaipdapipt

)
(

SDIN ‘MSB +2 LSB‘ ‘MSB‘ .1‘ 2 ‘ 3 ‘ 4 +5 | +4 | 43 | +2 LSB‘

T T
)l )
[GIN [G¢

Figure 12. I?S, up to 24-Bit Data

1
(¢ T« .
LRCK 4‘—2 Left Channel ] Right Chan?el ¢

Figure 13. Right-Justified Data
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4.3.1 Time-Division Multiplex (TDM) Mode

Four TDM interface modes are available that allow the CS4349 to input stereo PCM data in one of four
time “slots”. Figure 14 shows the serial port connections necessary to input eight-channel TDM data into
four CS4349 devices and the corresponding DIF[2:0] pin or register-bit settings required for each CS4349.
Figure 15 shows the TDM data format for each of the four CS4349 devices shown in Figure 14.

Note: The group delay for TDM slot 0 channel B differs from the group delay of all other interface for-
mats and TDM slots/channels by one sample. Refer to the group delay specification in the combined in-
terpolation and on-chip analog filter response specifications table.

CS4349, CS4349, CS4349, CS4349,
DIF[2:0] = 100 DIF[2:0] = 101 DIF[2:0] = 110 DIF[2:0] = 111
| LRCK | ILRCK - LRCK | LRCK
- SCLK - ISCLK - SCLK - SCLK
| SDIN | SDIN - SDIN | SDIN
LRCK SCLK TDM_OUT
TDM Source
Figure 14. TDM Mode Connection Diagram
< 256 clks >
LRCK
LTI I N T e U O A O S
sDiNt ms| mse[  [ms8]  ws]  [wse]  Imse]  [msB]  [msB]
| Sloto,chA | Slot0,chB | Slot1,chA | Slot1,chB | Slot2,chA | Slot2,chB | Slot3,chA | Slot3,chB |
32 clks 32 clks 32 clks 32 clks 32 clks 32 clks 32 clks
Data \
MSB LSB
Figure 15. TDM Mode Timing
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44

4.6

4.6.1

De-Emphasis

The device includes on-chip digital de-emphasis. Figure 16 shows the de-emphasis curve for Fs equal to
44.1 kHz. The frequency response of the de-emphasis curve scales proportionally with changes in sample
rate, Fs.

Gain
dB

0dB

-10dB

F1 F2 Frequency
3.183 kHz 10.61 kHz
Figure 16. De-Emphasis Curve

Note: De-emphasis is only available in Single-Speed Mode.

Mute Control

The mute control pins (AMUTEC and BMUTEC) go active during power-up initialization, reset, muting (see
Section 8.4.3), and loss of LRCK. These pins are intended to be used as control for external mute circuits
to prevent the clicks and pops that can occur in any single-ended single-supply system.

Use of the mute control function is not mandatory but recommended for designs requiring the absolute
minimum in extraneous clicks and pops. Also, use of the Mute Control function can enable the system
designer to achieve idle-channel noise and signal-to-noise ratios which are only limited by the external mute
circuit.

Recommended Power-Up Sequence

Stand-Alone Mode

1. Hold RST low until the power supplies and configuration pins are stable, and the serial and left/right
clocks are fixed to the appropriate frequencies, as discussed in Section 4.2. In this state, the control
port registers are reset to their default settings, VQ will remain low, and VBIAS will be connected to
VA.

2. Bring RST high. The device will remain in a low power state with VQ low for approximately 192 LRCK
cycles in Single-Speed Mode (384 LRCK cycles in Double-Speed Mode, and 768 LRCK cycles in
Quad-Speed Mode).

3. The device will then initiate the power up sequence which lasts approximately 130 ms when the
Popguard is disabled. If the Popguard is enabled, see Section 4.7 for a complete description of
power-up timing.
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4.6.2

4.7.2

4.7.3

Control Port Mode

1. Hold RST low until the power supply is stable and the left/right clock is fixed to the appropriate
frequency, as discussed in Section 4.2. In this state, the control port is reset to its default settings, VQ
will remain low, and VBIAS will be connected to VA.

2. Bring RST high. The device will remain in a low-power state with VQ low.

3. Perform a control port write to a valid register prior to the completion of approximately 192 LRCK
cycles in Single-Speed Mode (384 LRCK cycles in Double-Speed Mode, and 768 LRCK cycles in
Quad-Speed Mode). The desired register settings can be loaded while keeping the PDN bit set to 1.

4. Setthe PDN bitto 0. This will initiate the power-up sequence, which lasts approximately 130 ms when

the Popguard is disabled. If the Popguard is enabled, see Section 4.7 for a complete description of
power-up timing.

Popguard Transient Control

The CS4349 uses a novel technique to minimize the effects of output transients during power-up and power-
down. This technology, when used with external DC-blocking capacitors in series with the audio outputs,
minimizes the audio transients commonly produced by single-ended single-supply converters. It is activated
inside the DAC when the RST pin is toggled and requires no other external control, aside from choosing the
appropriate DC-blocking capacitors.

Power-Up

When the device is initially powered-up, the audio outputs, AOUTA and AOUTB, are clamped to GND.
Following a delay of approximately 192 sample periods, each output begins to ramp toward the quiescent
voltage. The amount of time it takes the outputs to ramp is related to the value of the DC-blocking capac-
itance and the output load. Using the example output circuit from Figure 17, the ramp up time will be ap-
proximately 0.25 seconds. When the ramp is complete, the outputs reach Vq and audio output begins.
This gradual voltage ramping allows time for the external DC-blocking capacitors to charge to the quies-
cent voltage, minimizing audible power-up transients.

Note the ramp up time varies due to internal factors, such as variance across device process, supply volt-
age, and die temperature corners as well as external output circuit component tolerances.

Power-Down

To prevent audible transients at power-down, the device must first enter its power-down state. When this
occurs, audio output ceases and the internal output buffers are disconnected from AOUTA and AOUTB.
In their place, a soft-start current sink is substituted that allows the DC-blocking capacitors to slowly dis-
charge. Once this charge is dissipated, the power to the device may be turned off, and the system is ready
for the next power-on.

Discharge Time

To prevent an audio transient at the next power-on, the DC-blocking capacitors must fully discharge be-
fore turning on the power or exiting the power-down state. If full discharge does not occur, a transient will
occur when the audio outputs are initially clamped to GND. The time that the device must remain in the
power-down state is related to the value of the DC-blocking capacitance and the output load. For example,
with a 3.3 yF capacitor, the minimum power-down time will be approximately 0.2 seconds.

22
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4.8 Analog Output and Filtering

The CS4349 requires a simple single-ended passive output design as shown in Figure 17.

(" ncsaa )

CS4349

AOUTx +

3.3 F
;

560 Q

10 kQ —vr

Analog
Output

2200 pF

GND
; ; * See section 4.9 for ground connection details

Figure 17. Passive Single-Ended Output Filter

4.9 Grounding and Power Supply Arrangements

As with any high-resolution converter, the CS4349 requires careful attention to power supply and grounding
arrangements if its potential performance is to be realized. Figure 10 shows the recommended power
arrangements, with VA, VLC, and VLS connected to clean supplies. The use of split analog and digital
ground planes is not recommended. However, if planes are split between digital ground and analog ground,

the GND pins of the CS4349 should be connected to the analog ground plane.

All signals, especially clocks, should be kept away from the VBIAS, VFILT, and VQ pins in order to avoid

unwanted coupling into the DAC.

4.9.1 Capacitor Placement

Decoupling capacitors should be placed as close to the DAC as possible, with the low-value ceramic ca-
pacitor being the closest. To further minimize impedance, these capacitors should be located on the same
layer as the DAC. If desired, all supply pins may be connected to the same supply, but a decoupling ca-
pacitor should still be placed on each supply pin.

Note: All decoupling capacitors should be referenced to GND.

The CDB4349 evaluation board demonstrates the optimum layout and power supply arrangements.

DS782F2
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5 STAND-ALONE OPERATION

5.1 Serial Port Format Selection

The desired serial audio format is s