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Advanced Multi-bit Delta Sigma Architecture

24-bit Conversion

Automatic Detection of Sample Rates up to

192 kHz
114 dB Dynamic Range
-100 dB THD+N

Direct Stream Digital Mode

— Non-Decimating Volume Control

— On-Chip 50 kHz Filter

— Matched PCM and DSD Analog Output

Levels

Selectable Digital Filters

Volume Control with 1/2-dB Step Size and Soft

Ramp

Low Clock-Jitter Sensitivity

+5 V Analog Supply, +2.5 V Digital Supply

Separate 1.8 to 5 V Logic Supplies for the

Control and Serial Ports

The CS4365 is a complete 6-channel digital-to-analog
system. This D/A system includes digital de-emphasis,
half-dB step size volume control, ATAPI channel mix-
ing, selectable fast and slow digital interpolation filters
followed by an oversampled, multi-bit delta sigma mod-
ulator which includes mismatch-shaping technology
that eliminates distortion due to capacitor mismatch.
Following this stage is a multi-element switched capac-
itor stage and low-pass filter with differential analog
outputs.

The CS4365 also has a proprietary DSD processor
which allows for volume control and 50 kHz on-chip fil-
tering without an intermediate decimation stage. It also
offers an optional path for direct DSD conversion by di-
rectly using the multi-element switched capacitor array.

The CS4365 is available in a 48-pin LQFP package in
both Commercial (-40°C to +85°C) and Automotive

(-40°C to +105°C) grades. The CDB4365 Customer
Demonstration board is also available for device evalu-
ation and implementation suggestions. Please see
“Ordering Information” on page 51 for complete details.

The CS4365 accepts PCM data at sample rates from
4 kHz to 216 kHz, DSD audio data, and delivers excel-
lent sound quality. These features are ideal for multi-
channel audio systems, including SACD players, A/V
receivers, digital TV’s, mixing consoles, effects proces-
sors, sound cards, and automotive audio systems.

Control Port Supply =1.8Vto5V

Digital Supply =2.5V
|

Analog Supply = 5V
|

|
4 ! i ™\
Hardware Mode or o]
IPC/SPI Software Mode —{»{ £
Control Data @
& | Register/Hardware Int%r nfa| Voltage
= Configuration eference
- °
Reset —» 3
-
Serial Audio Port —
Supply =1.8Vto5V
] Switch-Cap [ Six Channels of
Volume Digital Multi-bit A% o | Dferoatal
i DAC and ifferen
6 [| Controls Filters Modulators ||||| Analog Filters | » Outputs
PCMSerial _ [ | 5] i,| 8 y g 5
Audio Input ® g
@ I
S kS
DSD Audio = ©
e 5 DSD Processor External Mute )
Input % & -Volume control Control s Mute Signals
- -50 kHz filter
= CIRRUS LOGIC’ Copyright © Cirrus Logic, Inc. 2008 FEB '08

htto.//www.cirrus.com

(All Rights Reserved)

DS670F2



——e——.
—_——

CIRRUS LOGIC CS4365
TABLE OF CONTENTS
1. PIN DESCRIPTION ....ceiiiiiiiisiis s s s s mssassms s s sms s s £ name £ £e e e £ R e £ R mm R mn R a R smn e e mnnnasn 6
2. CHARACTERISTICS AND SPECIFICATIONS .......ccociiiiiiimnisnmsissms s sssmsssssmsssssms s sssmsssssmsssssasssssmsses 8
RECOMMENDED OPERATING CONDITIONS .....eoiiiiiiieiieeeiee e e e s e e eee e esee e e e e e sneeeenneeas 8
ABSOLUTE MAXIMUM RATINGS ... iee ettt ettt et e et et e et e emee e e e aee e sne e e eneeeeanseeennneeeanneean 8
DAC ANALOG CHARACTERISTICS - COMMERCIAL (-CQZ) ..oeeeeeee et 9
DAC ANALOG CHARACTERISTICS - AUTOMOTIVE (-DQZ) ..eeeieieeiiiieeeiee e 10
POWER AND THERMAL CHARACTERISTICS ...t 11
COMBINED INTERPOLATION & ON-CHIP ANALOG FILTER RESPONSE ......ccccooiiiiiiieeeeeeeen 12
COMBINED INTERPOLATION & ON-CHIP ANALOG FILTER RESPONSE (CONTINUED) .............. 13
DSD COMBINED DIGITAL & ON-CHIP ANALOG FILTER RESPONSE .......cccocoiiiiiieeiiee e 13
DIGITAL CHARACTERISTICS ..o iiieiiie ettt et e ettt e et e et e e st e e e meeeeameee e emneeeanneeeeaneeeeaneens 14
SWITCHING CHARACTERISTICS - PCM ...ttt ettt a e e e snee e e nneee e enes 15
SWITCHING CHARACTERISTICS - DSD ...ttt e et e e enee e e nnee e e 16
SWITCHING CHARACTERISTICS - CONTROL PORT - I2C FORMAT ...ooiiiiieeiee e 17
SWITCHING CHARACTERISTICS - CONTROL PORT - SPI FORMAT ....ooiiiieieeeeee e 18
3. TYPICAL CONNECTION DIAGRAM .......ciiiiiiiiemnnaemsissmsssssmssssssssssssms s ssms s ssms s s sana sassmssassms snssmnssnses 19
L N o o I 103N I (0] 21
s Y= 1] (= ] [ o] L OSSO 21
2 T o LT T=1 - oy USSR 22
4.3 Digital Interface FOrMALS ........ooiii e 23
e TR O | 1 SR 24
T | 1 7 R 24
4.4 Oversampling MOES ......cooiuiieeiiiee ittt e et s et e e sa et e e tee e e e et e e e teeeaneeeeanseeeanneeeaneeesaeeeeanseeens 24
4.5 INterpolation FILEI ... .. ettt e sttt e e e e enae e s 25
4.6 DE-EMPNEGSIS .. .eeeiiiiiiiiiiie ettt e e b b et e e e e b bt e e e sane e e e e e e aeeae s 25
4.7 ATAP] SPECIfICATION ..ottt e et e e et e e e te e e s nee e e sneeeeneeaneeeeanseeenns 26
4.8 Direct Stream Digital (DSD) MOGE .....ccoueeieiiiieiiie et e e see et e e e eteeeseee e s saeeeeaneeeeanneeens 26
4.9 Grounding and Power Supply ArrangemeENtS ........ccccieirieeiiee e enieeesie e e see e e seee e e s e e sreeeesneeeens 27
B B OV Y= ol (o gl o F= ot =Y 1T o | SRS 27
4.10 Analog Output @nd FiltErING ......oeeiiiieiiie et e e e e e st e e enae e e snneeens 28
4.11 The MUTEC OUIPULS -.eeeiiiiiie ettt et et e ettt e s tee e e et e e s te e e eneeeeanseeeanseeesneeaeaneesanseeenns 29
4.12 Recommended POWEr-Up SEQUENCE .......eeiiiiiieiiieeeiiee ettt e e e e enee e e enneeeenees 29
4.12.1 HardWare MOGE ......ouueiiiiiiiee ettt e et e e s b et e e e s sabb et e e e saneeeeean 29
O 2 Yo i ATV T 1V T To S 30
4.13 Recommended Procedure for Switching Operational MOdEsS ........ccccevieereiiiriniiie e 30
4.14 CoNtrol POrt INTEIFACE ....eiiiiieieiiii ettt et et e e et e e s ee e e emeeeesneeenseeeeanneeens 30
4.14.1 MAP AULO INCrEMENT ...t b e s s aabbe e e e nneeeean 30
O 2 O 1Y o T [ USSR 30
i 2 O T | (= S 31
i e L O 1= T PSS 31
O 0 ] 1V o 1= SR 32
i e T B e AT ) (- R 32
4.15 Memory Address PoINter (MAP) ...t 32
4.15.1 INCR (Auto Map Increment ENabI@) .........c.coiiuiiiiiiiee e 32
4.15.2 MAP4-0 (Memory Address POINTEr) ..o 32
5. REGISTER QUICK REFERENCE ........cooicciiiniisinmss s sssss s ssssss s sams s ssms s ssms snssmss snsssssnssmsnsnes 33
6. REGISTER DESCRIPTION ......cciiiiiiiiieiiiissinsisssssasssssssssssssassss s asssssssssss sasamssasass assmssnssmss sasasansnsnnssnns 34
6.1 Chip Revision (addreSs 01h) ..ot e e e e e e eeeenaeeeenees 34
6.1.1 Part Number ID (PART) [REAA ONIY] ...oiiiiiiiiie et e e eneee e 34
6.2 Mode Control 1 (AddreSS 02h) .....c.eiii it ree et e e e e e sate e e e ee e e e eeeesnaeeeennes 34
6.2.1 Control Port Enable (CPEN) ..ot ee e e ns 34
6.2.2 Freeze Controls (FREEZE) ...t 34

2 DS670F2



i

——== CIRRUS LOGIC CS4365
6.2.3 PCM/DSD Selection (DSD/PCM) ....cooiiiiiiiieeiee ettt s 35

6.2.4 DAC Pair Disable (DACX_DIS) ....coiieieiiie ittt e 35

6.2.5 POWET DOWN (PDIN) ittt ettt ettt sttt e eme e st e e sbe e e s snn e e e amne e e snneenneeeas 35

6.3 PCM Control (Address 03h) ........iiiiiiieiie ettt e s ne e e re e 35
6.3.1 Digital Interface FOrmat (DIF) .....oooioi it 35

6.3.2 FUNCLiONal MOAE (FM) ..ot e e e e e e s 36

6.4 DSD Control (2dAress 04N) .......cooiiiiiiiii ettt e e e e 36
6.4.1 DSD Mode Digital Interface Format (DSD_DIF) .......c.ooiiiiiiiiiiie e 36

6.4.2 Direct DSD Conversion (DIR_DSD) ......cooiiiiiiiiiiiieie et 37

6.4.3 Static DSD Detect (STATIC_DSD) ..cooieeieiiieeeieee ettt sanee e 37

6.4.4 Invalid DSD Detect (INVALID_DSD) ...c.uoiiiiiiiiiieeniieeiee sttt sttt s saee e 37

6.4.5 DSD Phase Modulation Mode Select (DSD_PM_MODE) .......cccooiiiiiiiiiiiiiie e 37

6.4.6 DSD Phase Modulation Mode Enable (DSD_PM_EN) .....ccooiiiiiiiiee e 37

6.5 Filter Control (Address 05h) ........oi i 38
6.5.1 Interpolation Filter Select (FILT_SEL) .....ooiiiiiiiii ettt 38

6.6 Invert Control (Address 0Bh) ........cooiiiii i s 38
6.6.1 Invert Signal Polarity (INV_XX) ...c.eeeiieieieeeiiee ettt e s snne e ennee e 38

6.7 Group Control (Address 07N) .....cooieeii it e e r e e e re e 38
6.7.1 Mute Pin Control (MUTECT, MUTEQCO) ....cocuiiiiiiiie ettt 38

6.7.2 Channel A Volume = Channel B Volume (PX_A=B) ..o 39

6.7.3 Single Volume Control (SNGLVOL) ......ouiiiiiieiei ettt 39

6.8 Ramp and Mute (address 08h) ........coi it 39
6.8.1 Soft Ramp and Zero Cross CONTROL (SZC) ....ueiiiiieiiieieiieeeriie et 39

6.8.2 Soft Volume Ramp-Up after Error (RMP_UP) .....ooiiiiieeee e 40

6.8.3 Soft Ramp-Down before Filter Mode Change (RMP_DN) .......cccooiiiiiiiiiiiie e 40

6.8.4 PCM AULO-MUEE (PAMUTE) ...ttt st st st sneas 40

6.8.5 DSD Auto-Mute (DAMUTE) .....eiiiiiiiie ittt s 41

6.8.6 MUTE Polarity and DETECT (MUTEPT:0) ...eooiiiiiiiiiii e 41

6.9 Mute Control (AddreSS 09N) .......eiiiiiieiiei et nr e 41
6.9.7 MULE (IMUTE_XX) +uteieittieeitiee ettt ettt ettt ettt ekt ee e eme et e sabe e e aabe e e s beeesbeeesnreesnneeea 41

6.10 Mixing Control (address 0Ah, ODh, 100, 13h) .o 42
6.10.1 De-Emphasis Control (PX_DEMT:0) .....cooiiiiiiiiieiiie e 42
6.10.2 ATAPI Channel Mixing and Muting (ATAPI) ... 42

6.11 Volume Control (address 0Bh, OCh, OEh, OFh, 11h, 12h) ..o 43
6.11.1 Digital Volume Control (XX_VOLT7:0) ....coiiiiieiiiieiiiie ettt 43

6.12 PCM Clock Mode (Address 18N) .....ccceeiiiiiieiiiieeiiee ittt 44
6.12.1 Master Clock DIVIDE by 2 ENABLE (MCLKDIV) ....ooiiiiiiiiiie e 44

780 1 I = 1 45
8. PARAMETER DEFINITIONS ...t s s s s s s s s s s s 49
9. PACKAGE DIMENSIONS ...ttt s s s s s sass s e s s s s s as e sms s e s s 50
10. ORDERING INFORMATION ..ot s s s e ssas e s s s s s s sms s s smn s sms s mnas 51
11. REFERENGCES ... o s s s s s e s s e s s e e e e e e e 51
12. REVISION HISTORY ..ottt s s s s s e s s s e e s s e s smn s e an s mn s 51

DS670F2 3



——e——.
—_——

CIRRUS LOGIC CS4365
LIST OF FIGURES

Figure 1.Serial Audio Interface TIMING .......cceeiiiie et s e e e e e e enee e e aneeeas 15
Figure 2.Direct Stream Digital - Serial Audio INput TiMINgG .....cooooiiriiiieee e 16
Figure 3.Direct Stream Digital - Serial Audio Input Timing for Phase Modulation Mode ..........cccccceeenneee.. 16
Figure 4.Control Port TIming - PG FOMAL .......eiiiiieeiie ettt e et e e e e e e sneeeeeneeeas 17
Figure 5.Control Port TIming - SPI FOIMAL ......coouiiiiieieiie e e e e e e e nneee s 18
Figure 6.Typical Connection Diagram, SOftware MOE ..........c.coeiiiiriiiiriiie e 19
Figure 7.Typical Connection Diagram, Hardware MOGE ..........ccceriiieiiiiiieiie e 20
Figure 8.Format O - Left-dustified up 10 24-bit Data ..........ooouiiiiiiiii e 23
Figure 9.Format 1 - 128 UP 10 24-Dit DAtA ....ceiueeeeiiieiiiiie et e e 23
Figure 10.Format 2 - Right-Justified 16-bit Data ...........oocouiiiiiiiii e 23
Figure 11.Format 3 - Right-Justified 24-bit Data ...........oocoiiiiiiiii e 23
Figure 12.Format 4 - Right-Justified 20-bit Data ...........oocoiiiiiiiii e 23
Figure 13.Format 5 - Right-Justified 18-bit Data ...........ooooiiiiiiii e 24
Figure 14.Format 8 - One-Line MOOE T ....ooo i e e e et ee e e s ree e eneee s 24
Figure 15.Format 9 - One-Line MOOE 2 ... ittt e e et e s et e e e ne e e s eeeeeneeeas 24
Figure 16.De-EMPhasis CUIVE .....ociiiiiiieeei ettt e st e e tee e e st e e st e e sateeanneeeeanseeeenneeaneeeeanneeas 25
Figure 17.ATAPI Block Diagram (x = channel pair 1, 2, 0r 3) ...oocuuiiiiiiii e 26
Figure 18.DSD Phase Modulation Mode Diagram ..........cceoiieeeiiireiiee e e e e e eesee e e sneeeennee e 27
Figure 19.FUll-SCalE OULPUL ... eeiiiiee ettt ettt e e e et e e e et e e s naee e e smeeeesnseeeeaneeeeneeeeanneeas 28
Figure 20.Recommended OUIPUL FIltEI ........eoiieieie e e e 28
Figure 21.Recommended MUute CirCUITIY ......oooiiiii it e e e enee e e e eneee s 29
Figure 22.Control Port Timing, 12C MOGE ......coiiiiiiiiieeiiie ettt e e eee e e e neeeene e e e aneeeas 31
Figure 23.Control Port Timing, SPIMOGE .......coi i ne e e e e es 32
Figure 24.Single-Speed (fast) Stopband REJECHION ......ccueeviiiiiieiiie e 45
Figure 25.Single-Speed (fast) Transition Band ...........cooooiiiiiiioiiie e reee e 45
Figure 26.Single-Speed (fast) Transition Band (detail) .........cccoeiieiiiieeieeee e 45
Figure 27.Single-Speed (fast) Passband RIPPIE ......ceeiiiiiiiiiie e 45
Figure 28.Single-Speed (slow) Stopband REJECHON .......coiiiiiiiiiiiee e 45
Figure 29.Single-Speed (SIow) Transition Band ...........coceeeiiiieoiiiieeie e e e sneee s 45
Figure 30.Single-Speed (slow) Transition Band (Aetalil) .........ccoooeeeeiiieiiiiie e 46
Figure 31.Single-Speed (slow) Passband RIPPIE ........cooiuiiiiiiiiie e 46
Figure 32.Double-Speed (fast) Stopband ReJECHON ........ooiiiiiiiiieee e 46
Figure 33.Double-Speed (fast) Transition Band ............coooioiiiiiiioiiie e 46
Figure 34.Double-Speed (fast) Transition Band (detail) ........cccooeereiieieniiie e 46
Figure 35.Double-Speed (fast) Passband RIPPIE .......eiriiiiiiiiie e 46
Figure 36.Double-Speed (slow) Stopband REJECHON .......coiiieiiiiieieiie e 47
Figure 37.Double-Speed (slow) Transition Band ..........coceiiiiiieiiiee e seee e e sneeeeeeee s 47
Figure 38.Double-Speed (slow) Transition Band (detail) ........coooiriiiiiiiieeee e 47
Figure 39.Double-Speed (slow) Passband RIPPIE ......cooiiiiiiiiieiie e 47
Figure 40.Quad-Speed (fast) Stopband ReJECiON ..........coiiiiiiiiiiie e 47
Figure 41.Quad-Speed (fast) Transition Band ...........coooiiiiiiiiiee e 47
Figure 42.Quad-Speed (fast) Transition Band (detail) .........ccceeiiereiiiee e 48
Figure 43.Quad-Speed (fast) Passband RippIE .......cciiriiioiie e 48
Figure 44.Quad-Speed (slow) Stopband ReJECON .........ooiiiiiiiiiieee e 48
Figure 45.Quad-Speed (slow) Transition Band ...........ccoooiioiiiiiii e 48
Figure 46.Quad-Speed (slow) Transition Band (detail) .........ccoooeeeriiiiii e 48
Figure 47.Quad-Speed (slow) Passband RIPPIE ......eeeiieiriiiieeiie e 48

4 DS670F2



——e——.

CIRRUS LOGIC* CS4365
LIST OF TABLES

Table 1. Single-Speed Mode Standard FreQUENCIES ........cceeiiiuiiiieiiiiiiie et 21
Table 2. Double-Speed Mode Standard FIEQUENCIES ........cuiiiueiiiiiiiiiiie ettt 21
Table 3. Quad-Speed Mode Standard FrEQUENCIES .......ccoiuiiiiiiiiiiiee ittt 21
Table 4. PCM Digital Interface Format, Hardware Mode Options .........ccccoeiiiriiiiieiiiee e 22
Table 5. Mode Selection, Hardware Mode OPtiONS .......coocuiiiiiiiiiiiie e 22
Table 6. Direct Stream Digital (DSD), Hardware Mode OptionS ........c.occeeriiiiiiiieeeiiee et 22
Table 7. Digital Interface Formats - PCM MOE .........uviiiiiiiiiie ettt 36
Table 8. Digital Interface Formats - DSD MOGE ........uviiiiiiiiiiiee et e e e e e e 36
Table 9. ATAPI DECOUE TaDIE ...ttt e et e e e e e e e e e e e e ee e e e e e ee e e eaeennnnnnes 42
Table 10. Example Digital VoIume SENGS .....ouuiiiiiiiiiiie ittt 43

DS670F2 5



——e——.
—_——

CIRRUS LOGIC* CS4365

1. PIN DESCRIPTION
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Pin Name # Pin Description
Digital Power (/nput) - Positive power supply for the digital section. Refer to the Recom-
VD 4 . o X
mended Operating Conditions for appropriate voltages.
GND 5,31 Ground (/nput) - Ground reference. Should be connected to analog ground.
Master Clock (/nput) - Clock source for the delta-sigma modulator and digital filters. Tables 1
MCLK 6  through 3 illustrate several standard audio sample rates and the required master clock fre-
quencies.
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
sa= Reset (/nput) - The device enters a low power mode and all internal registers are reset to their
RST 19 ;
default settings when low.
Analog Power (/nput) - Positive power supply for the analog section. Refer to the Recom-
VA 32 . - ;
mended 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
VLC 18  Hardware Mode configuration pins. Refer to the Recommended Operating Conditions for

appropriate voltages.
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Pin Name # Pin Description

Quiescent Voltage (Output) - Filter connection for internal quiescent voltage. VQ must be
capacitively coupled to analog ground, as shown in the Typical Connection Diagram. The nom-
inal voltage level is specified in the Analog Characteristics and Specifications section. VQ pre-

vQ 21  sents an appreciable source impedance and any current drawn from this pin will alter device
performance. However, VQ can be used to bias the analog circuitry assuming there is no AC
signal component and the DC current is less then the maximum specified in the Analog Char-
acteristics and Specifications section.

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.

AOUTAT +,- 39,40

AOUTB1 +,- 37,38

AOUTA2 +,- 35,36 Differential Analog Output (Output) - The full-scale differential analog output level is specified

AOUTB2 +,- 33,34 in the Analog Characteristics specification table.

AOUTAS +,- 29,30

AOUTBS +,- 27,28

MUTECH1 41 Mute Control (Output) - The Mute Control pins go high during power-up initialization, reset,

MUTEC2 26  muting, power-down or if the master clock to left/right clock frequency ratio is incorrect. These

MUTECS 25 pins are intended to be used as a control for external mute circuits on the line outputs to pre-

MUTEC4 24 vent the clicks and pops that can occur in any single supply system. Use of Mute Control is not

MUTECS 23  mandatory but recommended for designs requiring the absolute minimum in extraneous clicks

MUTEC6 22  and pops.

Hardware Mode Definitions

MO 17

m; 12 Mode Selection (/nput) - Determines the operational mode of the device as detailed in Table 6

M3 12 and Table 7.

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 12C® Mode as shown in the Typical Connection
Diagram.
Serial Control Port Data (/nput/Output) - SDA is a data I/O line in [2C 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) - ADO is a chip address pin in 12C

ADO/CS 17 Mode; CS is the chip-select signal for SPI Mode.

TST 10, 12 Test - These pins need to be tied to analog ground.

DSD Definitions

DSDA1 3

DSDBH1 2

DSDA2 1 Direct Stream Digital Input (/nput) - Input for Direct Stream Digital serial audio data. GND if
DSDB2 48  unused.

DSDA3 47

DSDB3 46

DSD_SCLK 42 DSD Serial Clock (Input) - Serial clock for the Direct Stream Digital serial audio interface.
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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 \Y
Control port interface power VLC 1.71 5.0 5.25 \Y
Ambient Operating Temperature (Power Applied)
Commercial Grade (-CQZ) Ta -40 - + 85 °C
Automotive Grade (-DQZ) -40 - +105 °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 \
Serial data port interface power VLS -0.3 6.0 \Y
Control port interface power VLC -0.3 6.0 \Y
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|  Vinp-c -0.3 VLC+ 0.4 \Y
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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CS4365

DAC ANALOG CHARACTERISTICS - COMMERCIAL (-CQ2)
Test Conditions (unless otherwise specified): VA = VLS = VLC =5 V; VD = 2.5 V; Tp = 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 19; 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 108 114 - dB
unweighted 105 111 - dB
16-bit A-weighted - 97 - dB
(Note 2) unweighted - 94 - dB
Total Harmonic Distortion + Noise 24-bit
0dB - -100 -94 dB
-20dB - -91 - dB
-60 dB| THD+N - -51 -45 dB
(Note 2) 16-bit 0dB - -94 - dB
-20dB - -74 - dB
-60 dB - -34 - dB
Idle Channel Noise / Signal-to-noise ratio A-weighted - 114 - 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 Vv 1.28Vp 1.32:Vp 1.36°Vp Vpp
Output Voltage (Note 3) Direct DSD Mode FS 0.90+Vp 0.94Vp 0.98+Vp Vpp
Output Impedance Zoyt - 130 - Q
Max DC Current draw from an AOUT pin loUTmax - 1.0 - mA
Min AC-Load Resistance R_ - 3 - kQ
Max Load Capacitance CL - 100 - pF
Quiescent Voltage vQ - 50% Vp - VvDC
Max Current draw from VQ lomax - 10 - pA

Notes:

1. One-half LSB of triangular PDF dither is added to data.

2. Performance limited by 16-bit quantization noise.

3. Vg is tested under load R and includes attenuation due to Zgyr.
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CS4365

DAC ANALOG CHARACTERISTICS - AUTOMOTIVE (-DQZ)

Test Conditions (unless otherwise specified): VA =4.75105.25 V; VLS =1.71105.25V; VLC =1.7110 5.25 V;
VD = 2.37 10 2.63 V; Tp = -40°C to 85°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 19; Measure-

ment Bandwidth 10 Hz to 20 kHz.

Parameters | Symbol ‘ Min Typ Max Units
Fs = 48 kHz, 96 kHz, 192 kHz and DSD
Dynamic Range (Note 1) 24-bit  A-weighted 105 114 - dB
unweighted 102 111 - dB
16-bit A-weighted - 97 - dB
(Note 2) unweighted - 94 - dB
Total Harmonic Distortion + Noise (Note 1)
24-bit 0dB - -100 -91 dB
-20 dB - -91 - dB
-60 dB| THD+N - -51 -42 dB
(Note 2) 16-bit 0dB - -94 - dB
-20dB - -74 - dB
-60 dB - -34 - dB
Idle Channel Noise / Signal-to-noise ratio A-weighted - 114 - 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 v 1.28V,p 1.32:Vp 1.36°Vp Vpp
Output Voltage (Note 3) Direct DSD Mode FS 0.90-Vy 0.94Vp 0.98Vp 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% Va - VDC
Max Current draw from VQ lamax - 10 - A

10
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POWER AND THERMAL CHARACTERISTICS
Parameters | Symbol | Min Typ Max Units
Power Supplies
Power Supply Current normal operation, VA= 5V Ia 60 65 mA
(Note 4) VD=25V Ip 16 22 mA
(Note 5) Interface current, VLC=5 V ILc 2 - pA
VLS=5V ILs 84 - uA
(Note 6) power-down state (all supplies) Ipd 200 - pA
Power Dissipation (Note 4) VA=5V,VD=25V
normal operation 340 390 mW
(Note 6) power-down 1 - mwW
Package Thermal Resistance multi-layer CATS 48 - °C/Watt
dual-layer 0Ja 65 - °C/Watt
Byc 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 dependent.
Max values are based on highest Fs and highest MCLK.
5. I c measured with no external loading on the SDA pin.
6. 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.
DS670F2 11
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CS4365

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 - Unit
Min Typ Max
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 = 44.1 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.

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 Hard-

ware Mode.

12. Amplitude vs. Frequency plots of this data are available in Section 7. “Filter Plots” on page 45.

12
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COMBINED INTERPOLATION & ON-CHIP ANALOG FILTER RESPONSE
(CONTINUED)

Slow Roll-Off (Note 8) .
Parameter - Unit
Min Typ Max
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 =44.1 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
DS670F2 13
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CIRRUS LOGIC* CS4365
DIGITAL CHARACTERISTICS
Parameters Symbol Min Typ Max Units
Input Leakage Current (Note 13) lin - - +10 pA
Input Capacitance - 8 - pF
High-Level Input Voltage Serial /0| Vi 0.70V. g - - \%
Control I/O| V4 0.70+V ¢ - - \Y
Low-Level Input Voltage Serial /0| V. - - 0.30+V g Vv
Control I/O| V), - - 0.30°V ¢ \'%
Low-Level Output Voltage (Io. =-1.2mA)  Control /O=3.3V,5V| Vg_ - - 0.20+V| ¢ \'%
Low-Level Output Voltage (Ig. =-1.2 mA) Control /O=1.8V,25V| Vgo_ - - 0.25°V | ¢ \
MUTEC auto detect input high voltage Vi 0.70Vp - - \'%
MUTEC auto detect input low voltage ViL - - 0.30-Vp \
Maximum MUTEC Drive Current Imax - 3 - mA
MUTEC High-Level Output Voltage Vou - VA - \
MUTEC Low-Level Output Voltage VoL - 0 - Vv

Notes:

13. Any pin except supplies. Transient currents of up to £100 mA on the input pins will not cause SCR latch-
up.
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CIRRUS LOGIC* CS4365

SWITCHING CHARACTERISTICS - PCM
Inputs: Logic 0 = GND, Logic 1 = VLS, C_ = 20 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 tscki 8 - ns
LRCK Edge to SCLK Rising Edge ticks 5 - ns
SCLK Rising Edge to LRCK Falling Edge tickd 5 - ns
SDIN Setup Time Before SCLK Rising Edge tgs 3 - ns
SDIN Hold Time After SCLK Rising Edge tdn 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.
16. MSB of CH1 is always the second SCLK rising edge following LRCK rising edge.

LRCK X

SDINX ‘ MSB j MSB-1
\

Figure 1. Serial Audio Interface Timing
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SWITCHING CHARACTERISTICS - DSD
Logic 0 = GND; Logic 1 = VLS; C| = 20 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

‘ ‘ Lsclkl

sdlrs tsdh

pSDx X X X

Figure 2. Direct Stream Digital - Serial Audio Input Timing

tdpm tdpm

> |« > |«

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

w T 1

\ \
Figure 3. Direct Stream Digital - Serial Audio Input Timing for Phase Modulation Mode
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CIRRUS LOGIC* CS4365
SWITCHING CHARACTERISTICS - CONTROL PORT - I2C FORMAT
Inputs: Logic 0 = GND, Logic 1 = VLC, C; = 20 pF.
Parameter Symbol Min Max Unit
SCL Clock Frequency fsal - 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 tiow 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 17) thad 0 - Us
SDA Setup time to SCL Rising tsud 250 - ns
Rise Time of SCL and SDA tre tee - 1 ps
Fall Time SCL and SDA te e - 300 ns
Setup Time for Stop Condition tsusp 4.7 - ps
Acknowledge Delay from SCL Falling tack 300 1000 ns
Notes:
17. Data must be held for sufficient time to bridge the transition time, t;., of SCL.
RST
tirs
Repeated
Stop Start Start Stop
Wil If N If "
| /
SDA ‘
([ Y | ‘
; t & ]It t |
hdst high hdst f tsusp
I~ If | I
SCL ‘ ‘ |
N
g L
Ylow  'had fsud ~ Tsust
Figure 4. Control Port Timing - I2C Format
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CIRRUS LOGIC* CS4365
SWITCHING CHARACTERISTICS - CONTROL PORT - SPI FORMAT
Inputs: Logic 0 = GND, Logic 1 = VLC, C; = 20 pF.
Parameter Symbol Min Max Unit

CCLK Clock Frequency fsclk 6 MHz
RST Rising Edge to CS Falling tsrs 500 ns
CCLK Edge to CS Falling (Note 18) tspi 500 ns
CS High Time Between Transmissions tesh 1.0 Hs
CS Falling to CCLK Edge toss 20 ns
CCLK Low Time tscl 66 ns
CCLK High Time tseh 66 ns
CDIN to CCLK Rising Setup Time tdsu 40 ns
CCLK Rising to DATA Hold Time (Note 19) tah 15 ns
Rise Time of CCLK and CDIN (Note 20) to 100 ns
Fall Time of CCLK and CDIN (Note 20) tio 100 ns
Notes:

18. tgpi is only needed before first falling edge of CS after RST rising edge. tspi = 0 at all other times.

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

20. For FSCK <1 MHz.

RST ters
CS
tsch t
< csh
—
CDIN
“ gl
tdsu tgh
Figure 5. Control Port Timing - SPI Format
18
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3. TYPICAL CONNECTION DIAGRAM
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control port operation

Figure 6. Typical Connection Diagram, Software Mode
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Figure 7. Typical Connection Diagram, Hardware Mode
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CIRRUS LOGIC* CS4365
4. APPLICATIONS

The CS4365 serially accepts two’s complement formatted PCM data at standard audio sample rates including 48,
441 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 Cirrus Application Note AN282, “The 2-Channel Serial Audio Interface: A Tutorial.”

The CS4365 can be configured in Hardware Mode by the M0, M1, M2, M3 and M4 pins and in Software Mode
through I12C or SPI.

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 A 11.2896 16.9344 22.5792 33.8688 45.1584
48 12.2880 18.4320 24.5760 36.8640 49.1520

= Denotes clock ratio and sample rate combinations which are NOT supported under auto speed-
mode detection. Please see “Switching Characteristics - PCM” on page 15.

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
% 12.2880 18.4320 24.5760 36.8640 49.1520

= Denotes clock ratio and sample rate combinations which are NOT supported under auto speed-
mode detection. Please see “Switching Characteristics - PCM” on page 15.

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

= Denotes clock ratio and sample rate combinations which are NOT supported under auto speed-
mode detection. Please see “Switching Characteristics - PCM” on page 15.

Table 3. Quad-Speed Mode Standard Frequencies
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CS4365

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 35.

M1 MO
(DIF1) (DIFO) DESCRIPTION FORMAT FIGURE
0 0 Left-Justified, up to 24-bit data 0 8
0 1 12S, 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 DESCRIPTION
(DEM)
0 0 0 Single-Speed without De-Emphasis (4 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 to 100 kHz sample rates)
0 1 1 Quad-Speed (100 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 X DSD Processor Mode (see Table 6 for details)
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

22
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4.3 Digital Interface Formats

The serial port operates as a slave and supports the I2S, Left-Justified, 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 configuration is only supported in Software Mode.

G

(
) )
LRCK Left Channel ‘ . Right Channel .
UL fmﬂﬂﬂﬂmlw :
SCLK TJTAFQ

) ).
[S¢

¢ hsd 1[2[a [+ [sva[sal2[o1]is

) )
‘ T C
)

SDINX wed 4[2[3]4 5" ' [+5]+4]+3]+2]+1]isf o
[G

) )
T ( T

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

D) )
LRCK ( Left Channel Right Channel L
Mrm nnnnnnnnne?
o 1,

)

SDINe bed 1[2[3]4]5" ‘[s[sa[sa[-2[1]s] LT usdal2[s e el e otios 3

(
)
T (

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

) )
T (

LRGK j Left Channel \—é Right Channel rg

SDINK ﬂi “ l15]14]13]12[11]10] 9] 8] 7[ 6] 5] 4] 3] 2] 1] 0] Tj(? l15]14]13]12]11][10] 9| 8] 7] 6] 5] 4] 3] 2[ 1] 0]/ i
« [G

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

LRCK j 8 T \_g Fight Chanme TJ
sou 1, ‘U U U U, AU U e Wﬂﬂﬂﬂm

SDINK ‘] \23\22\21\20\19\18\ \7\6\5\4\3\2\1\0\ i 23]22]21]20[19 18] i
T

)
Trlelslals[2[1]o] /|

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

)l
LRCK ¢ Left Channel L{v Right Channel

b
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¢ ¢

Figure 12. Format 4 - Right-Justified 20-bit Data
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)
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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 re 64 clks >
LRCK ] Left Channel | Right Channel T
sok AL o JUFT JUFT o0 f0 JIFT A JIFT 1 1 F]
SDINS msB|  [LsB|msB|  [LsB|msB] [LsB| [wsB| |LsB|msB| |[LsB|msB] [LsB|  |msB]
DAC_A1 DAC_A2 DAC_A3 DAC_B1 DAC_B2 DAC_B3
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 _ 128 clks g
LRCK J‘ Left Channel T Right Channel 7]7
YT S N N e e o s O Y O O o R s
SDINS msB[  [LsB[wsB]  [LsB[msB] [LsB| |[wsB[ [LsB|vsB] [LsB|mMsB| [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 CS4365 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 CS4365 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 CS4365 incorporates
selectable interpolation filters for each mode of operation. A “fast” and a “slow” roll-off filter is available in
each of Single, Double, and 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 “Filter
Plots” on page 45 for more details).

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

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

De-Emphasis

The CS4365 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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