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103 dB, 192 kHz 6-Channel D/A Converter

Features Description
¢ Advanced Multi-bit Delta Sigma Architecture The CS4364 is a complete 6-channel digital-to-analog
¢ 24-bit Conversion system. This D/A system includes digital de-emphasis,
A ic D . f le R half-dB step size volume control, ATAPI channel mix-
¢ 1350&1‘_&’“0 etection of Sample Rates up to ing, selectable fast and slow digital interpolation filters
_ followed by an oversampled, multi-bit delta sigma mod-
¢ 103 dB Dynamic Range ulator which includes mismatch shaping technology that
¢ -88dB THD+N eliminates distortion due to capacitor mismatch. Follow-
. i . ing this stage is a multi-element switched capacitor
¢ Single-Ended Output Architecture stage and low-pass filter with single-ended analog
¢ Direct Stream Digital® (DSD™ Mode outputs.
— Non-Decimating Volume Control The CS4364 also has a proprietary DSD processor
— On-Chip 50 kHz Filter which allows for volume control and 50 kHz on-chip fil-
— Matched PCM and DSD Analog Output tering without an intermediate decimation stage. It also
Levels offers an optional path for direct DSD conversion by di-
- . rectly using the multi-element switched capacitor array.
¢ Selectable Digital Filters y g P y
; _ ; The CS4364 accepts PCM data at sample rates from
¢ g‘;'#ge Control with 1/2-dB Step Size and Soft |11, 516 kHz, DSD audio data, and delivers excel-
) o lent sound quality. These features are ideal for multi-
¢ Low Clock-Jitter Sensitivity channel audio systems including SACD players, A/V re-
¢ +5V Analog Supply, +2.5 V Digital Supply ceivers, digital TV’s, mixing consoles, effects
¢ Separate 1.8 to 5 V Logic Supplies for the processors, and sound cards.
Control and Serial Ports This product is available in 48-pin LQFP package in
Commercial (-40°C to +85°C) temperature grade. See
“Ordering Information” on page 49 for complete details.
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| | |
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CIRRUS LOGIC* CS4364

1. PIN DESCRIPTION

5 = .
-2 -«
<+ 10 © (e S 55 S
2ear52935%03 6
BB8ELLsasPz<z?
I e e o o I o A |
() 48 47 46 45 44 43 42 41 40 39 38 37
DSD3 [ 1 36 ] TST_OUT
DSD2 [ 2 35 AOUT3
DSD1 3 34 1 AOUT4
vD 04 33 TST_OUT
GND (15 321 VA
MCLK [] 6 CS4364 310 GND
LRCK 7 30[] TST_OUT
SDINT []8 29 1 AOUT5
SCLK [ 9 28 1 AOUT6
M4(TST) [] 10 271 TST_OUT
SDIN2 []11 26 [1 MUTE2
M3(TST) [ 12 25 ] MUTES3
13 141516 17 18 1920 21 22 23 24
I O N O Iy |
O om0 + 000 <
= X Z|n [aA w w w
cpgzElBdfposElg
@ 9 g8 “ =3 =s
<T
368
Nz =
£=s

Pin Name # Pin Description
VD 4 Digital Power (/nput) - Positive power supply for the digital section. Refer to the Recommended
Operating Conditions for appropriate voltages.
GND 351 Ground (/nput) - Ground reference. Should be connected to analog ground.
Master Clock (/nput) - Clock source for the delta-sigma modulator and digital filters. Table 1 illus-
MCLK 6 . . ;
trates several standard audio sample rates and the required master clock frequencies.
LRCK 7 Left Right Clock (/nput) - Determines which channel, Left or Right, is currently active on the
serial audio data line. The frequency of the left/right clock must be at the audio sample rate, Fs.
SDIN1 8
SDIN2 11 Serial Data Input (/nput) - Input for two’s complement serial audio data.
SDIN3 13
SCLK 9 Serial Clock (/nput) - Serial clocks for the serial audio interface.
14
TST 44 |Test - These pins need to be tied to analog ground.
45
== Reset (/nput) - The device enters a low power mode and all internal registers are reset to their
RST 19 X
default settings when low.
VA 30 Analog Power (/nput) - Positive power supply for the analog section. Refer to the Recommended
Operating Conditions for appropriate voltages.
VLS 43 Serial Audio Interface Power (/nput) - Determines the required signal level for the serial audio
interface. Refer to the Recommended Operating Conditions for appropriate voltages.
Control Port Power (/nput) - Determines the required signal level for the control port and hard-
VLC 18 |ware mode configuration pins. Refer to the Recommended Operating Conditions for appropriate
voltages.
VQ 21 Quiescent Voltage (Output) - Filter connection for internal quiescent voltage.
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Pin Name # Pin Description
Positive Voltage Reference (Output) - Positive reference voltage for the internal sampling cir-
FILT+ 20 |cuits. Requires the capacitive decoupling to analog ground as shown in the Typical Connection
Diagram.
AOUT1 39
AOUT2 38
AOUTS3 35 |Analog Output (Output) - The full scale analog output level is specified in the Analog Character-
AOUT4 34 |istics specification table.
AOUTS 29
AOUT6 28
MUTECH1 41
MUTEC2 26
MUTEC3 25 |Mute Control (Output) - These pins are intended to be used as a control for external mute circuits
MUTEC4 24  |on the line outputs to prevent the clicks and pops that can occur in any single supply system.
MUTEC5S 23
MUTEC6 22
40, 37
TST_OUT 36, 33 |Test Output - These pins need to be floating and not connected to any trace or plane.
30, 27
Hardware Mode Definitions
MO 17
m; 12 Mode Selection (/nput) - Determines the operational mode of the device as detailed in Tables 4
M3 12 and 5.
M4 10

Software Mode Definitions

Serial Control Port Clock (/nput) - Serial clock for the serial control port. Requires an external

SCL/CCLK 15 |pull-up resistor to the logic interface voltage in E.C® mode as shown in the Typical Connection Dia-
gram.
Serial Control Port Data (/nput/Output) - SDA is a data I/O line in [2XC mode and is open drain,
SDA/CDIN 16 |requiring an external pull-up resistor to the logic interface voltage, as shown in the Typical Con-
nection Diagram; CDIN is the input data line for the control port interface in SPI™ mode.
= Address Bit 0 (I2C) / Control Port Chip Select (SPI) (/nput) - ADOQ is a chip address pin in 12C
ADO/CS 17 . ‘ .
mode; CS is the chip select signal for SPI mode.
TST 12 Test - These pins need to be tied to analog ground.
DSD Definitions
DSD1, DSD2 3,2
DSD3, DSD4 1,48 |Direct Stream Digital Input (/nput) - Input for Direct Stream Digital serial audio data.
DSD5, DSD6 47,46
DSD_SCLK 42 |DSD Serial Clock (Input) - Serial clock for the Direct Stream Digital serial audio interface.
DS619F1 7
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2. CHARACTERISTICS AND SPECIFICATIONS
RECOMMENDED OPERATING CONDITIONS
(GND = 0 V; all voltages with respect to ground.)
Parameters Symbol Min Typ Max Units
DC Power Supply Analog power VA 4.75 5.0 5.25 \
Digital internal power VD 2.37 25 2.63 \
Serial data port interface power VLS 1.71 5.0 5.25 \"
Control port interface power VLC 1.71 5.0 5.25 \
Ambient Operating Temperature (Power Applied) -CQz Ta -40 - +85 °C
ABSOLUTE MAXIMUM RATINGS
(GND = 0 V; all voltages with respect to ground.)
Parameters Symbol Min Max Units
DC Power Supply Analog power VA -0.3 6.0 \
Digital internal power VD -0.3 3.2 \Y
Serial data port interface power VLS -0.3 6.0 \
Control port interface power VLC -0.3 6.0 \"
Input Current Any Pin Except Supplies lin - +10 mA
Digital Input Voltage Serial data port interface ViND-s -0.3 VLS+ 0.4 \
Control port interface VIND-C -0.3 VLC+ 0.4 Vv
Ambient Operating Temperature (power applied) Top -55 125 °C
Storage Temperature Tstg -65 150 °C

WARNING: Operation at or beyond these limits may result in permanent damage to the device. Normal operation

is not guaranteed at these extremes.
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DAC ANALOG CHARACTERISTICS

Test Conditions (unless otherwise indicated): VA =VLS =VLC =5V; VD =2.5V; TA = 25 °C; Full-Scale 997 Hz
input sine wave (Note 1); Tested under max ac-load resistance; Valid with FILT+ and VQ capacitors as shown in
“Typical Connection Diagram” on page 18; Measurement Bandwidth 10 Hz to 20 kHz.

Parameters | Symbol | Min Typ Max Unit
FS = 48 kHz, 96 kHz, 192 kHz and DSD
Dynamic Range 24-bit  A-weighted 97 103 - dB
unweighted 94 100 - dB
16-bit A-weighted - 97 - dB
(Note 2) unweighted - 94 - dB
Total Harmonic Distortion + Noise 24-bit -0 dB| THD+N - -88 -82 dB
-20dB - -80 -74 dB
-60 dB - -40 -34 dB
(Note 2) 16-bit 0dB - -88 - dB
-20dB - -74 - dB
-60 dB - -34 - dB
Idle Channel Noise / Signal-to-noise ratio - 100 - dB
Interchannel Isolation (1 kHz) - 110 - dB
DC Accuracy
Interchannel Gain Mismatch - 0.1 - dB
Gain Drift - 100 - ppm/°
C
Analog Output
Full Scale Differential- PCM, DSD processor| Vgg 64%Vp 66%°Vp 68%Va | Vpp
Output Voltage (Note 3) Direct DSD Mode 47%*Vp 48%:*Vp 49%:°Vp, Vpp
Output Impedance Zout - 130 - Q
Max DC Current draw from an AOUT pin loUTmax - 1.0 - mA
Min AC-Load Resistance RL - 3 - kQ
Max Load Capacitance CL - 100 - pF
Quiescent Voltage Vq - 50% Vp - vDC
Max Current draw from Vq lQmax - 10 - uA

Notes:

1. One-half LSB of triangular PDF dither is added to data.
2. Performance limited by 16-bit quantization noise.

3. Vggis tested under load R and includes attenuation due to Zgyt

DS619F1



——e——.
—_——

CIRRUS LOGIC*

CS4364

POWER AND THERMAL CHARACTERISTICS

Parameters | Symbol | Min | Typ | Max | Units
Power Supplies
Power Supply Current normal operation, VA= 5V Ia 63 69 mA
(Note 4) VD=25V Ip 18 22 mA
(Note 5) Interface current, VLC=5 V Ic 2 - A
VLS=5V ILs 84 - HA
(Note 6) power-down state (all supplies) Ipd 200 - HA
Power Dissipation (Note 4) VA=5V,VD=25V
normal operation 360 400 mwW
(Note 6) power-down 1 - mwW
Package Thermal Resistance multi-layer CATN 48 - °C/Watt
dual-layer CIT 65 - °C/Watt
GJC 15 - °C/Watt
Power Supply Rejection Ratio (Note 7) (1 kHz)| PSRR 60 - dB
(60 Hz) 40 - dB
Notes:

4. Current consumption increases with increasing FS within a given speed mode and is signal dependant. Max

values are based on highest FS and highest MCLK.
I_c measured with no external loading on the SDA pin.

o o

Power Down Mode is defined as RST pin = Low with all clock and data lines held static.
7. Valid with the recommended capacitor values on FILT+ and VQ as shown in Figures 6 and 7.

10
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CIRRUS LOGIC* CS4364
COMBINED INTERPOLATION & ON-CHIP ANALOG FILTER RESPONSE

The filter characteristics have been normalized to the sample rate (Fs) and can be referenced to the desired sam-
ple rate by multiplying the given characteristic by Fs.
(See (Note 12))

Fast Roll-Off
Parameter Min Typ Max Unit
Combined Digital and On-chip Analog Filter Response - Single-Speed Mode - 48 kHz
Passband (Note 9) to -0.01 dB corner 0 - .454 Fs
to -3 dB corner 0 - .499 Fs
Frequency Response 10 Hz to 20 kHz -0.01 - +0.01 dB
StopBand 0.547 - - Fs
StopBand Attenuation (Note 10) 102 - - dB
Group Delay - 10.4/Fs - s
De-emphasis Error (Note 11) Fs =32 kHz - - +0.36 dB
(Relative to 1 kHz) Fs =441 kHz - - +0.21 dB
Fs =48 kHz - - 10.14 dB
Combined Digital and On-chip Analog Filter Response - Double-Speed Mode - 96 kHz
Passband (Note 9) to -0.01 dB corner 0 - 430 Fs
to -3 dB corner 0 - .499 Fs
Frequency Response 10 Hz to 20 kHz -0.01 - +0.01 dB
StopBand .583 - - Fs
StopBand Attenuation (Note 10) 80 - - dB
Group Delay - 6.15/Fs - s
Combined Digital and On-chip Analog Filter Response - Quad-Speed Mode - 192 kHz
Passband (Note 9) to -0.01 dB corner 0 - .105 Fs
to -3 dB corner 0 - .490 Fs
Frequency Response 10 Hz to 20 kHz -0.01 - +0.01 dB
StopBand .635 - - Fs
StopBand Attenuation (Note 10) 90 - - dB
Group Delay - 7.1/Fs - s

Notes:
8. Slow Roll-off interpolation filter is only available in Software Mode.
9. Response is clock dependent and will scale with Fs.

10. For Single-Speed Mode, the Measurement Bandwidth is from stopband to 3 Fs.
For Double-Speed Mode, the Measurement Bandwidth is from stopband to 3 Fs.
For Quad-Speed Mode, the Measurement Bandwidth is from stopband to 1.34 Fs.

11. De-emphasis is available only in Single-Speed Mode; Only 44.1 kHz De-emphasis is available in Hardware
Mode.

12. Amplitude vs. Frequency plots of this data are available in the “Filter Response Plots” on page 43.

DS619F1 11
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CIRRUS LOGIC CS4364
COMBINED INTERPOLATION & ON-CHIP ANALOG FILTER RESPONSE
(CONTINED)

Slow Roll-Off (Note 8)
Parameter Min Typ Max Unit
Single-Speed Mode - 48 kHz
Passband (Note 9) to -0.01 dB corner 0 - 0.417 Fs
to -3 dB corner 0 - 0.499 Fs
Frequency Response 10 Hz to 20 kHz -0.01 - +0.01 dB
StopBand .583 - - Fs
StopBand Attenuation (Note 10) 64 - - dB
Group Delay - 7.8/Fs - S
De-emphasis Error (Note 11) Fs =32 kHz - - +0.36 dB
(Relative to 1 kHz) Fs =441 kHz - - +0.21 dB
Fs = 48 kHz - - +0.14 dB
Double-Speed Mode - 96 kHz
Passband (Note 9) to -0.01 dB corner 0 - .296 Fs
to -3 dB corner 0 - .499 Fs
Frequency Response 10 Hz to 20 kHz -0.01 - +0.01 dB
StopBand 792 - - Fs
StopBand Attenuation (Note 10) 70 - - dB
Group Delay - 5.4/Fs - s
Quad-Speed Mode - 192 kHz
Passband (Note 9) to -0.01 dB corner 0 - 104 Fs
to -3 dB corner 0 - .481 Fs
Frequency Response 10 Hz to 20 kHz -0.01 - +0.01 dB
StopBand .868 - - Fs
StopBand Attenuation (Note 10) 75 - - dB
Group Delay - 6.6/Fs - s

DSD COMBINED DIGITAL & ON-CHIP ANALOG FILTER RESPONSE

Parameter Min Typ Max | Unit
DSD Processor Mode
Passband (Note 9) to -3 dB corner 0 - 50 kHz
Frequency Response 10 Hz to 20 kHz -0.05 - +0.05 dB
Roll-off 27 - - dB/Oct
Direct DSD Mode
Passband (Note 9) to -0.1 dB corner 0 - 26.9 kHz

to -3 dB corner 0 - 176.4 kHz

Frequency Response 10 Hz to 20 kHz -0.1 - 0 dB
12 DS619F1
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CIRRUS LOGIC* CS4364
DIGITAL CHARACTERISTICS
Parameters Symbol Min Typ Max Units
Input Leakage Current (Note 13) lin - - 10 A
Input Capacitance - 8 - pF
High-Level Input Voltage Serial /0| V4 70% - - Vis
Control /0| V| 70% - - Vic
Low-Level Input Voltage Serial /0| V. - - 30% Vis
Control I/O V||_ - - 30% VLC
Low-Level Output Voltage (I =-1.2 mA)  Control /O =3.3V,5V| Vgo_ - - 20% Vic
Control /0 =1.8V,25V| Vo - - 25% Vic
MUTEC auto detect input high voltage ViH 70% - - VA
MUTEC auto detect input low voltage Vi - - 30% VA
Maximum MUTEC Drive Current Imax - 3 - mA
MUTEC High-Level Output Voltage VoH - VA - \Y
MUTEC Low-Level Output Voltage VoL - 0 - \

13. Any pin except supplies. Transient currents of up to £100 mA on the input pins will not cause SCR latch-up

DS619F1
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CIRRUS LOGIC* CS4364
SWITCHING CHARACTERISTICS - PCM
(Inputs: Logic 0 = GND, Logic 1 = VLS, C| = 30 pF)
Parameters Symbol Min Max Units

RST pin Low Pulse Width (Note 14) 1 - ms
MCLK Frequency 1.024 55.2 MHz
MCLK Duty Cycle (Note 15) 45 55 %
Input Sample Rate - LRCK (Manual selection) Single-Speed Mode Fs 4 54 kHz

Double-Speed Mode Fs 50 108 kHz

Quad-Speed Mode Fs 100 216 kHz

Input Sample Rate - LRCK (Auto detect) Single-Speed Mode Fs 4 54 kHz

Double-Speed Mode Fs 84 108 kHz

Quad-Speed Mode Fs 170 216 kHz

LRCK Duty Cycle 45 55 %
SCLK Duty Cycle 45 55 %
SCLK High Time tsckh 8 - ns
SCLK Low Time tocki 8 - ns
LRCK Edge to SCLK Rising Edge ticks 5 - ns
SCLK Rising Edge to LRCK Falling Edge tiokd 5 - ns
SDIN Setup Time Before SCLK Rising Edge tds 3 - ns
SDIN Hold Time After SCLK Rising Edge tah 5 - ns

Notes:

14. After powering up, RST should be held low until after the power supplies and clocks are settled.
15. See Tables 1 - 3 for suggested MCLK frequencies.

LRCK

SCLK

SDINXx

Figure 1. Serial Audio Interface Timing

14
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CIRRUS LOGIC* CS4364

SWITCHING CHARACTERISTICS - DSD
(Logic 0 = AGND = DGND; Logic 1 = VLS; C| = 30 pF)

Parameter Symbol Min Typ Max Unit
MCLK Duty Cycle 40 - 60 %
DSD_SCLK Pulse Width Low tsclkl 160 - - ns
DSD_SCLK Pulse Width High tsclkh 160 - - ns
DSD_SCLK Frequency (64x Oversampled) 1.024 - 3.2 MHz

(128x Oversampled) 2.048 - 6.4 MHz
DSD_A/_B valid to DSD_SCLK rising setup time tsdirs 20 - - ns
DSD_SCLK rising to DSD_A or DSD_B hold time tsah 20 - - ns
DSD clock to data transition (Phase Modulation Mode) tdom -20 - 20 ns
tsclkh

tsclki

o

tsdh

DSDxx >< ‘ ‘
P

Figure 2. Direct Stream Digital - Serial Audio Input Timing

tdpm
> |«

DSD_SCLK
DSD_SCLK \ / \ ‘ /
(64Fs) | ‘

]

t

»>|

dpm

<

J—

|

Figure 3. Direct Stream Digital - Serial Audio Input Timing for Phase Modulation Mode
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CIRRUS LOGIC* CS4364

SWITCHING CHARACTERISTICS - CONTROL PORT - I°C FORMAT
(Inputs: Logic 0 = GND, Logic 1 = VLC, C; =30 pF)

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 - ps
Start Condition Hold Time (prior to first clock pulse) thast 4.0 - ps
Clock Low time tow 4.7 - ys
Clock High Time thigh 4.0 - ps
Setup Time for Repeated Start Condition teust 4.7 - ps
SDA Hold Time from SCL Falling (Note 16) thad 0 - us
SDA Setup time to SCL Rising tsud 250 - ns
Rise Time of SCL and SDA tres te - 1 ps
Fall Time SCL and SDA te tie - 300 ns
Setup Time for Stop Condition tsusp 4.7 - us
Acknowledge Delay from SCL Falling tack 300 1000 ns

Notes:

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

RST ‘
tirs
Repeated
Stop Start Start
T \ ! if A }
SDA ‘ ‘ ‘
/[ ‘
t t t.. /) ‘
‘ buf T tpgg high hdst
‘ fI— |
scL ‘ ‘ ‘ [
] o 1
47
Yow  ‘had Ysud tsust t

Figure 4. Control Port Timing - I2C Format
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CIRRUS LOGIC* CS4364

SWITCHING CHARACTERISTICS - CONTROL PORT - SPI FORMAT
(Inputs: Logic 0 = GND, Logic 1 = VLC, C| = 30 pF)

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 17) tspi 500 ns
CS High Time Between Transmissions tesh 1.0 us
CS Falling to CCLK Edge toss 20 ns
CCLK Low Time tsel 66 ns
CCLK High Time tsch 66 ns
CDIN to CCLK Rising Setup Time tdsu 40 ns
CCLK Rising to DATA Hold Time (Note 18) tdh 15 ns
Rise Time of CCLK and CDIN (Note 19) tro 100 ns
Fall Time of CCLK and CDIN (Note 19) tio 100 ns
Notes:

17. t5p; only needed before first falling edge of CS after RST rising edge. t

=0 at all other times.

18. Data must be held for sufficient time to bridge the transition time of CCLK.

19. For FSCK <1 MHz.

RST t
Srs
CS
tsch
CCLK
CDIN
« >
tdsu tgh

Figure 5. Control Port Timing - SPI Format

csh
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CIRRUS LOGIC*

CS4364

3. TYPICAL CONNECTION DIAGRAM

47 uF

SRS A A A
1uF 0.1 yF 0.1 pyF 1 uF
v % s 2 v 9
VD VA
220Q
4% £y MCLK
PCM VW 77 LRCK AouTH 12 p| Analog Conditioning
Digital || y 9 » saik and Muting
Audio 8
Source VW SDIN1
11 38 .| Analog Conditioning
VW " SDIN2 AOUT2 ' and Miting
VW SDN3
470 Q
7Y ouT3 35 o] Analog Conditioning
»> 43 A " and Muting
+1.8Vio+5V T VLS
1 CS4364
0.1 wF
34 ) Analog Conditioning
AOUT4
A|Y; " and Muting
A4
470Q 3
AV g
2 D=0 AOUTS 29 > Analog Conditioning
DSD VWA ] DSD2 and Muting
Audio WA g =0
Source W 47 DSD4 AOUT6 |28 | Analog Conditioning
——AA DSD5 and Muting
46
MWV » DSD6
42 »
VW P DSD SCLK MUTECH >
MUTEC? (28 >
25
MUTEC3 » Mute
19 MUTECH (22 p  Drive
o MUTEGS |2 N
Controler o] oo MUTECS (22—
< »| SDA/CDN
17y ADOICS
A
S <= FLTs 22 °
i 11
o o 21
‘ F
Note* g Lt |OTH
18
+1.8Vito+5V —T_ . VLC
0.1 uF
TST_OUT I——X
Fins: 27, 30, 33,
36, 37, 40
GND GND  TST
Note™: Necessary for ., 5 31
control port *Pins: 10, 12,
operation 14, 44, 45

Figure 6. Typical Connection Diagram, Software Mode
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CS4364

25V _T_+ _T_ T 1 SV
1 F 0.1 WF 0.1 WF 1 F
v v 4 ® v v
VD A
20Q 6
VW » MOLK
A 7 aoutt [22—p
PCM VWV 5 LRCK ”| Analog Conditioning
Digital +— \ » d Muti
gital 1AM SCLK MUTECT 41— and Muiting
Audio 8
Source [ [ V¥V " > SDINt
VW P> SDIN2
|| 13 38 »
v > SDIN3 AOUT2 ”| Analog Conditioning
40Q 2% and Muting
A 43 MUTEC2 »
+18Vto+5V —L VLS
0.1 yF
3B
\ AQUT3 ¥| Analog Conditioning
and Muting
400Q 3 MUTECS 22—,
M- »| DSDA1
M 2 DSDB1
1
DSD M » DSDA2 34
Audio " 48 AOUTA P Analog Condtioning
Source vV DSDE2 o4 and Muting
MA a7y DSDA3 MUTECA >
"y 46y, pspe3
M 42y DSD SCLK 29
AQUTS ¥ Analog Conditioning
Optional VTGS |28 and Muting
47 KQ
> aA—10p!
w12 18 28
»
L a1 159l 4p AQUTE »| Analog Conditioning
Stand-Alone 16 2 and Muting
Mode MW M MUTECG >
Configuration | | san, 17> MO
A% 9 P RST 20
LT+ »
f L L
ovour {2
+18Vio+5V —T_ 18 VLC
0.1 uF
l TST_OUT I—X
Fins: 27, 30, 33,
36, 37, 40
GND GND _TST
5 31
*Ains: 14,
a4, 45

Figure 7. Typical Connection Diagram, Hardware Mode
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CIRRUS LOGIC*
4. APPLICATIONS

The CS4364 serially accepts twos complement formatted PCM data at standard audio sample rates including 48,
44.1 and 32 kHz in SSM, 96, 88.2 and 64 kHz in DSM, and 192, 176.4 and 128 kHz in QSM. Audio data is input via
the serial data input pins (SDINx). The Left/Right Clock (LRCK) determines which channel is currently being input
on SDINx, and the Serial Clock (SCLK) clocks audio data into the input data buffer. For more information on serial
audio interfaces see AN282 “The 2-Channel Serial Audio Interface: A Tutorial”.

The CS4364 can be configured in Hardware Mode by the M0, M1, M2, M3 and M4 pins and in Software Mode
through 12C or SPI.

CS4364

4.1 Master Clock

MCLK/LRCK must be an integer ratio as shown in Tables 1 - 3. The LRCK frequency is equal to Fs, the
frequency at which words for each channel are input to the device. The MCLK-to-LRCK frequency ratio and
speed mode is detected automatically during the initialization sequence by counting the number of MCLK
transitions during a single LRCK period and by detecting the absolute speed of MCLK. Internal dividers are
then set to generate the proper internal clocks. Tables 1 - 3 illustrate several standard audio sample rates
and the required MCLK and LRCK frequencies. Please note there is no required phase relationship, but
MCLK, LRCK and SCLK must be synchronous.

Sample Rate MCLK (MHz)
(kHz) 256X 384x 512x 768x 1024x 1152x
32 8.1920 12.2880 16.3840 24.5760 32.7680 36.8640
44 1 11.2896 16.9344 22.5792 33.8688 45.1584
48 12.2880 18.4320 24.5760 36.8640 49.1520
Table 1. Single-Speed Mode Standard Frequencies
Sample Rate MCLK (MHz)
(kHz) 128x 192x 256x 384x 512x
64 8.1920 12.2880 16.3840 24.5760 32.7680
88.2 11.2896 16.9344 22.5792 33.8688 45.1584
96 12.2880 18.4320 24.5760 36.8640 49.1520
Table 2. Double-Speed Mode Standard Frequencies
Sample Rate MCLK (MHz)
(kHz) 64x 96x 128x 192x 256X
176.4 11.2896 16.9344 22.5792 33.8688 45.1584
192 12.2880 18.4320 24.5760 36.8640 49.1520

Table 3. Quad-Speed Mode Standard Frequencies

= Denotes clock ratio and sample rate combinations which are NOT supported under auto

speed-mode detection. Please see “Switching Characteristics - PCM” on page 14.

20
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CIRRUS LOGIC® CS4364
4.2 Mode Select

In Hardware Mode, operation is determined by the Mode Select pins. The states of these pins are continu-
ally scanned for any changes; however, the mode should only be changed while the device is in reset
(RST pin low) to ensure proper switching from one mode to another. These pins require connection to sup-
ply or ground as outlined in Figure 7. For MO, M1, and M2, supply is VLC. For M3 and M4, supply is VLS.
Tables 4 - 6 show the decode of these pins.

In Software Mode, the operational mode and data format are set in the FM and DIF registers. See “PCM
Control (Address 03h)” on page 34.

M1 MO DESCRIPTION FORMAT FIGURE
(DIF1) (DIFO0)
0 0 Left Justified, up to 24-bit data 0 8
0 1 1S, up to 24-bit data 1 9
1 0 Right Justified, 16-bit Data 2 10
1 1 Right Justified, 24-bit Data 3 11

Table 4. PCM Digital Interface Format, Hardware Mode Options

M4 M3 M2 M1 MO DESCRIPTION
(DEM)

0 0 0 Single-Speed without De-Emphasis (4 kHz to 50 kHz sample rates)
0 0 1 Single-Speed with 44.1 kHz De-Emphasis; see Figure 16

0 1 0 Double-Speed (50 kHz to 100 kHz sample rates)

0 1 1 Table4 1o ad-Speed (100 kHz to 200 kHz sample rates)

1 0 0 Auto Speed-Mode Detect (32 kHz to 200 kHz sample rates)

1 0 1 Auto Speed-Mode Detect with 44.1 kHz De-Emphasis; see Figure 16
1 1 Table 6 DSD Processor Mode

Table 5. Mode Selection, Hardware Mode Options

M2 M1 MO DESCRIPTION
0 0 0 64x oversampled DSD data with a 4x MCLK to DSD data rate
0 0 1 64x oversampled DSD data with a 6x MCLK to DSD data rate
0 1 0 64x oversampled DSD data with a 8x MCLK to DSD data rate
0 1 1 64x oversampled DSD data with a 12x MCLK to DSD data rate
1 0 0 128x oversampled DSD data with a 2x MCLK to DSD data rate
1 0 1 128x oversampled DSD data with a 3x MCLK to DSD data rate
1 1 0 128x oversampled DSD data with a 4x MCLK to DSD data rate
1 1 1 128x oversampled DSD data with a 6x MCLK to DSD data rate

Table 6. Direct Stream Digital (DSD), Hardware Mode Options
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4.3 Digital Interface Formats

The serial port operates as a slave and supports the I2S, Left-dustified, Right-Justified, and One-Line Mode
(OLM) digital interface formats with varying bit depths from 16 to 32 as shown in Figures 8-15. Data is
clocked into the DAC on the rising edge. OLM configurations are only supported in Software Mode.

C C [

LRCK ’ Left Channel ) ‘ (¢ Right Channel . (

so UMY UL UL, ST WU LT A,

SDINK bof 128 45" [s[rasar2s1]isd T Twdal2 a4 sl ]ed e
¢

) )
(SN

bl )
( (SN

Figure 8. Format 0 - Left-Justified up to 24-bit Data

¢ C ¢ C

) )
LRCK L Left Channel ( (]J Right Channel L
) )
TUUSUUUULT L ¢
SCLK Uub

)

o 1[2[al4]s’ {[sslealsaleeleiles T T e e o777
€ ( ¢

)
[ ‘
) b]
T T

Figure 9. Format 1 - I2S up to 24-bit Data

)

LRCK Left Channel A Right Channel ¢

sck 11, W WUWM
)

som |/ lialiolzli o[8[ 7 Tos 4 s 2 1 o]
¢

)
. 1s[1af1312]11]10]9]8]7[6]5]4]3][2][1]0] :

Figure 10. Format 2 - Right-Justified 16-bit Data

)
( .
LRCK Left Channel Right Channel ¢

sowk [, LML U LU LU, UL LT

SDINX ‘0‘( ]
¢

) )

2322120 f19]1s] | [7]6]5]4]3]2]1]0] 23lo2le1 lofiolis] | [7]6]s]4]3][2][1]0]) /]
¢ U C T

Figure 11. Format 3 - Right-Justified 24-bit Data

¢ .
LRCK Left Channel L{ Right Channel ¢
C
sek [ W ﬁﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂﬂﬂﬂﬂﬂ_ﬂﬂﬂﬂﬂmfp
)

)
T

)
(

soinx [1]0] " J1ets[17]16]1s]14]13[12[11]10] o[8[ 7] 6]5]4]3] 2] 1]0] i Jhe 1817 [16)15]1a13]12]11]10] o[ 8] 7| 6] 5] 4] 3] 2] 1] 0]/ [
T ¢ T ¢

Figure 12. Format 4 - Right-Justified 20-bit Data
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) )
¢ .
LRCK Left Channel L{ Right Channel t
seek _JULUL mmﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂﬁ W_UWHM

1
(

spiNx [ 1]0] : Awhehs\mhshz\n\10\9\3\7\6\5\4\3\2\1\oVi :/‘17‘16‘15|14‘13‘12‘11‘10‘9‘8|7‘6‘5‘4‘3‘2‘1‘OV (
T ¢

)
(
Figure 13. Format 5 - Right-Justified 18-bit Data

4.3.1 OLM #1

OLM #1 serial audio interface format operates in Single-, Double-, or Quad-Speed Mode and will slave to
SCLK at 128 Fs. Six channels of MSB first 20-bit PCM data are input on SDIN1.

< 64 clks > 64 clks >
LRCK J Left Channel ‘ Right Channel ’7
o AT VST TS T L T LFL T LFL T if]
SDINS msB|  [LsB|msB| [LsB|msB] [LsB| [wsB| [LsB|msB| [LsB|msB] [LsB|  |msB]
| DACA1 | DACA2 | DACA3 | | DACBI | DACB2 | DACB3 |
20 clks 20 clks 20 clks 20 clks 20 clks 20 clks

Figure 14. Format 8 - One Line Mode 1

4.3.2 OLM#2

OLM #2 serial audio interface format operates in Single-, Double-, or Quad-Speed Mode and will slave to
SCLK at 256 Fs. Six channels of MSB first 24-bit PCM data are input on SDIN1.

P 128 clks L 128 clks o
LRCK J‘ Left Channel "‘ Right Channel "7
sok  LF L o T I T T o L T Uf L oI T af]
oy MsB] ~ [tsB|wsB| [LsB[msB] [LsB| [wsB] [LsB|msB] [LsB|msB] [LsB| |msB|
DAC_A1 DAC_A2 DAC_A3 DAC_B1 DAC_B2 DAC_B3
24 clks 24 clks 24 clks 24 clks 24 clks 24 clks

Figure 15. Format 9 - One Line Mode 2

4.4 Oversampling Modes

The CS4364 operates in one of three oversampling modes based on the input sample rate. Mode selection
is determined by the M4, M3 and M2 pins in Hardware Mode or the FM bits in Software Mode. Single-Speed
Mode supports input sample rates up to 50 kHz and uses a 128x oversampling ratio. Double-Speed Mode
supports input sample rates up to 100 kHz and uses an oversampling ratio of 64x. Quad-Speed Mode sup-
ports input sample rates up to 200 kHz and uses an oversampling ratio of 32x.

The auto speed-mode detect feature allows for the automatic selection of speed mode based off of the in-
coming sample rate. This allows the CS4364 to accept a wide range of sample rates with no external inter-
vention necessary. The auto speed-mode detect feature is available in both Hardware and Software Mode.
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Interpolation Filter

To accommodate the increasingly complex requirements of digital audio systems, the CS4364 incorporates
selectable interpolation filters for each mode of operation. A “fast” and a “slow” roll-off filter is available in
each of Single-, Double-, or Quad-Speed Modes. These filters have been designed to accommodate a va-
riety of musical tastes and styles. The FILT_SEL bit is used to select which filter is used (see the “Parameter
Definitions” on page 47 for more details).

When in Hardware Mode, only the “fast” roll-off filter is available.

Filter specifications can be found in Section 2, and filter response plots can be found in Figures 24 to 47.

De-Emphasis

The CS4364 includes on-chip digital de-emphasis filters. The de-emphasis feature is included to accommo-
date older audio recordings that utilize pre-emphasis equalization as a means of noise reduction. Figure 16
shows the de-emphasis curve. The frequency response of the de-emphasis curve will scale proportionally
with changes in sample rate, Fs if the input sample rate does not match the coefficient which has been se-
lected.

In Software Mode the required de-emphasis filter coefficients for 32 kHz, 44.1 kHz, or 48 kHz are selected
via the de-emphasis control bits.

In Hardware Mode only the 44.1 kHz coefficient is available (enabled through the M2 pin). If the input sam-
ple rate is not 44.1 kHz and de-emphasis has been selected then the corner frequencies of the de-emphasis
filter will be scaled by a factor of the actual Fs over 44,100.

Gain
dB

0dB

-10dB

F1 F2 Frequency
3.183 kHz 10.61 kHz

Figure 16. De-Emphasis Curve
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4.7 ATAPI Specification
The CS4364 implements the channel mixing functions of the ATAPI CD-ROM specification. The
ATAPI functions are applied per A-B pair. Refer to Table 9 on page 41 and Figure 17 for additional informa-
tion.
A Channel
5 Left C_hannel «—O Volume «—O0— MUTE > AoutAx
Audio Data Control
SDINx >—@
. B Channel
L Right Channel <«—0——— Volume «+—O— MUTE > AoutBx
Audio Data Control
Figure 17. ATAPI Block Diagram (x = channel pair 1, 2, or 3)
4.8 Direct Stream Digital (DSD) Mode

In Software Mode the DSD/PCM bits (Reg. 02h) are used to configure the device for DSD mode. The
DSD_DIF bits (Reg 04h) then control the expected DSD rate and MCLK ratio.

The DIR_DSD bit (Reg 04h) selects between two proprietary methods for DSD to analog conversion. The
first method uses a decimation free DSD processing technique which allows for features such as matched
PCM level output, DSD volume control, and 50kHz on chip filter. The second method sends the DSD data
directly to the on-chip switched-capacitor filter for conversion (without the above mentioned features).

The DSD_PM_EN bit (Reg. 04h) selects Phase Modulation (data plus data inverted) as the style of data
input. In this mode the DSD_PM_Mode bit selects whether a 128Fs or 64x clock is used for phase modu-
lated 64x data (see Figure 18). Use of Phase Modulation Mode may not directly effect the performance of
the CS4364, but may lower the sensitivity to board level routing of the DSD data signals.

The CS4364 can detect errors in the DSD data which does not comply with the SACD specification. The
STATIC_DSD and INVALID_DSD bits (Reg. 04h) allow the CS4364 to alter the incoming invalid DSD data.
Depending on the error, the data may either be attenuated or replaced with a muted DSD signal (the
MUTEC pins would be set according to the DAMUTE bit (Reg. 08h)).

More information for any of these register bits can be found in the “Parameter Definitions” on page 47.

The DSD input structure and analog outputs are designed to handle a nominal 0 dB-SACD (50% modulation
index) at full rated performance. Signals of +3 dB-SACD may be applied for brief periods of time however,
performance at these levels is not guaranteed. If sustained +3 dB-SACD levels are required, the digital vol-
ume control should be set to -3.0 dB. This same volume control register affects PCM output levels. There
is no need to change the volume control setting between PCM and DSD in order to have the 0 dB output
levels match (both 0 dBFS and 0 dB-SACD will output at -3 dB in this case).
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