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CIRRUS LOGIC’

[ Cs42448

108 dB, 192 kHz 6-In, 8-Out CODEC

FEATURES
¢ Six 24-bit A/D, Eight 24-bit D/A Converters

4 ADC Dynamic Range
— 105 dB Differential
— 102 dB Single-Ended

<&

DAC Dynamic Range
— 108 dB Differential
— 105 dB Single-Ended

ADC/DAC THD+N
— -98 dB Differential

— -95dB Single-Ended

L 4

<&

Compatible with Industry-Standard Time
Division Multiplexed (TDM) Serial Interface

L 4

System Sampling Rates up to 192 kHz

<&

Programmable ADC High-Pass Filter for DC
Offset Calibration

Logarithmic Digital Volume Control
[2C™ & SPI™ Host Control Port

Supports Logic Levels Between 5V and 1.8 V

* & o o

Popguard® Technology

GENERAL DESCRIPTION

The CS42448 CODEC provides six multi-bit ana-
log-to-digital and eight multi-bit digital-to-analog
delta-sigma converters. The CODEC is capable of op-
eration with either differential or single-ended inputs
and outputs, in a 64-pin LQFP package.

Six fully differential, or single-ended, inputs are avail-
able on stereo ADC1, ADC2, and ADC3. When
operating in Single-Ended Mode, an internal MUX be-
fore ADC3 allows selection from up to four single-ended
inputs. Digital volume control is provided for each ADC
channel, with selectable overflow detection.

All eight DAC channels provide digital volume control
and can operate with differential or single-ended
outputs.

An auxiliary serial input is available for an additional two
channels of PCM data.

The CS42448 is available in a 64-pin LQFP package in
Commercial (-10°C to +70°C) and Automotive (-40°C to
+105°C) grades. The CDB42448 Customer Demonstra-
tion Board is also available for device evaluation and
implementation suggestions. Please refer to “Ordering
Information” on page 65 for complete ordering
information.

The CS42448 is ideal for audio systems requiring wide
dynamic range, negligible distortion and low noise, such
as A/V receivers, DVD receivers, and automotive audio
systems.
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1. PIN DESCRIPTIONS

< <
S x 2828 g¢
Q0 < << < 9
=gg fgfsgrr $238¢
288z2z222FF$s235%
(o 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 )
ADO/CS [] 1 48] AIN2+
AD1/CDIN [] 2 47 [1 AIN2-
RST [|3 46 [1 AIN1+
VLC [] 4 45 [] AIN1-
ADC_LRCK [| 5 4411 VA
VD[] 6 43 va
DGND [| 7 42 [1 AGND
vis |8 CS42448 411 AouTS-
ADC_SCLK [| 9 40 [] AOUT8+
MCLK [] 10 39 ] AOUT7+
ADC_SDOUTS3 [| 11 38 ] AOUT7-
ADC_SDOUT2 [| 12 37 [] AOUT6-
ADC_SDOUT1 |13 36 [] AOUT6+
DAC_SDIN4 [] 14 35[] MUTEC
DAC_SDIN3 [| 15 34 [] AOUT5+
DAC_SDIN2 [| 16 33 [] AOUT5-
_ 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 )
I35 5889ctpdep s
8355998 33333333
20 o X x 222%%2¢2¢%
£33z =x
Pin Name # Pin Description
~c Address Bit [0]/ Chip Select (Input) - Chip address bit in I?C Mode. Control signal used to select
ADO/CS 1 o
the chip in SPI Mode.
AD1/CDIN 2 Address Bit [1])/ SPI Data Input (/nput) - Chip address bit in I°C Mode. Input for SPI data.
RST 3 Reset (Input) - The device enters a low power mode and all internal registers are reset to their
default settings when low.
Control Port Power (/nput) - Determines the required signal level for the control port. See “Digital
VLC 4 . i
I/0O Pin Characteristics” on page 8.
ADC Left/Right Clock (/Input/Output) - Determines which channel, Left or Right, is currently
ADC_LRCK 5 active on the ADC serial audio data line. Signals the start of a new TDM frame in the TDM digital
interface format.
VD 6, 24 Digital Power (/nput) - Positive terminal of the power supply for the digital section.
DGND 7’6223‘ Digital Ground (/nput) - Ground terminal of the power supply for the digital section.
VLS 8 Serial Port Interface Power (/nput) - Determines the required signal level for the serial inter-
faces. See “Digital /0 Pin Characteristics” on page 8.
ADC SCLK 9 ADC Serial Clock (Input/Output) - Serial clock for the ADC serial audio interface. Input frequency
- must be 256xFs in the TDM digital interface format.
MCLK 10  Master Clock (/nput) - Clock source for the delta-sigma modulators and digital filters.
ADC_SDOUT1 13
ADC_SDOUT2 12  Serial Audio Data Output (Output) - Outputs for two’s complement serial audio data.
ADC_SDOUT3 11
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DAC_SDIN1 17
DAC_SDIN2 16 . . , . .
DAC_SDIN3 15 DAC Serial Audio Data Input (/nput) - Input for two’s complement serial audio data.
DAC_SDIN4 14
DAC SCLK 18 DAC Serial Clock (Input/Output) - Serial clock for the DAC serial audio interface. Input frequency
- must be 256xFs in the TDM digital interface format.
DAC Left/Right Clock (/Input/Output) - Determines which channel, Left or Right, is currently
DAC_LRCK 19 active on the DAC serial audio data line. Signals the start of a new TDM frame in the TDM digital
interface format.
AUX LRCK 20 Auxiliary Left/Right Clock (Output) - Determines which channel, Left or Right, is currently active
— on the Auxiliary serial audio data line. Derived from the ADC serial port and equals Fs.
AUX_SCLK 21  Auxiliary Serial Clock (Output) - Serial clock for the Auxiliary serial audio interface.
AUX SDIN 29 Auxiliary Serial Input (/nput) - Provides an additional serial input for two’s complement serial
— audio data. Used only in the TDM digital interface format.
AOUT1 +,- 26,25
AOUT2 +,- 27,28
AOUT3 +,- 30,29
AOUT4 +,- 31,32 Differential Analog Output (Output) - The full-scale analog output level is specified in the Analog
AOUTS5 +,- 34,33 Characteristics table. Each leg of the differential outputs may also be used single-ended.
AOUTS6 +,- 36,37
AOUT7 +,- 39,38
AOUTS8 +,- 40,41
AGND 42,56 Analog Ground (/nput) - Ground reference for the analog section.
vQ 43  Quiescent Voltage (Output) - Filter connection for internal quiescent reference voltage.
VA 4453 Analog Power (/nput) - Positive power supply for the analog section. See “Digital I/O Pin Charac-
’ teristics” on page 8.
AINT +,- 46,45
2::2 :: ggjg Differential Analog Input (/nput) - Signals are presented differentially or single-ended to the
AIN4 +’_ 52’51 delta-sigma modulators. The full-scale input level is specified in the Analog Characteristics speci-
AIN5 + - 58.57 fication table. See below for a description of AIN5-AING in Single-Ended Mode.
AING +,- 60,59
Single-Ended Analog Input (/nput) - When stereo ADC3 is in Single-Ended Mode, an internal
AIN5 AB 58,57 analog mux allows selection between 2 channels for both analog inputs AIN5 and AIN6 (see Sec-
AING6 A,B 60,59 tion 4.2.2 on page 26 for details). The unused leg of each input is internally connected to common
mode. The full-scale input level is specified in the Analog Characteristics table.
Mute Control (Output) - Used as a control for external mute circuits to prevent the clicks and
MUTEC 35 . ;
pops that can occur in any single supply system.
FILT+ DAC 54 qunlve Voltage Reference (Output) - Positive reference voltage for the internal sampling cir-
- cuits of the DAC.
FILT+ ADC 55 P93|t|ve Voltage Reference (Output) - Positive reference voltage for the internal sampling cir-
cuits of the ADC.
INT 61 Interrupt (Output) - Signals either an ADC overflow condition has occurred in one or more of the
ADC inputs, or a clocking error has occurred in the DAC/ADC as specified in the Interrupt register.
SCL/CCLK 63 Serial Control Port Clock (/nput) - Serial clock for the control port interface.
SDA/CDOUT 64  Serial Control Data I/0 (Input/Output) - Input/Output for I2C data. Output for SPI data.
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1.1

Digital 1/0 Pin Characteristics

Various pins on the CS42448 are powered from separate power supply rails. The logic level for each input
should adhere to the corresponding power rail and should not exceed the maximum ratings.

Power Pin Name 110 Driver Receiver

Rail

VLC RST Input - 1.8V -5.0V, CMOS
SCL/CCLK | Input - 1.8V - 5.0 V, CMOS, with Hysteresis
SDA/CDOUT (')”u";gzt 1.8V - 5.0 V, CMOS/Open Drain 1.8V - 5.0 V, CMOS, with Hysteresis

ADO/CS Input - 1.8V -5.0V, CMOS
AD1/CDIN | Input - 1.8V - 5.0V, CMOS
INT Output 1.8V -5.0V, CMOS/Open Drain -

VLS MCLK Input - 1.8V -5.0 V, CMOS
ADC_LRCK ('D”Uﬁ;gt 18V -5.0V, CMOS 18V -5.0V, CMOS
ADC_SCLK | nPut 18V -5.0V, CMOS 18V -5.0V, CMOS

Output
ADC_SDOUT1-3|Output 1.8V -5.0 V, CMOS -
DAC_LRCK (')”uﬁggt 1.8V -5.0V, CMOS 1.8V -5.0V, CMOS
DAC_SCLK | put 18V -5.0V, CMOS 18V -5.0V, CMOS
Output
DAC_SDIN1-4 | Input - 1.8V - 5.0V, CMOS
AUX_LRCK |Output 1.8V -5.0V, CMOS -
AUX_SCLK |Output 1.8V -5.0V, CMOS -
AUX_SDIN | Input - 1.8V - 5.0V, CMOS
VA MUTEC  |Output 3.3V-5.0V, CMOS -

Table 1. I/O Power Rails
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2. TYPICAL CONNECTION DIAGRAM

+3.3Vto+5V

. . . . o N N
0 F+L 0.1 uEL 0.01 pFL_ J0.01 F 0.1 pF T4 our 33Vio+5V
T T T T Iz T
0.1pFL_ 0.01 pFl_ oot uF Jo1F
I I . o 4V OV
~N
VD VD VA VA
AA%LS;;_ 5 Analog Output Filter 2 |
27
AA%%-I;.Z;_ 28 Analog Output Filter? | —|
30 >
o S AAOOL:JTrs;’: 2 Analog Output Filter?
0.01 uF 31
I ';%%[&t 22 .I Analog Output Filter ?
2
34
CSAS/E)41 2(11 i%%-l:l%t 33 Analog Output Filter?
Converter
/:\A%%Trﬁﬁt a7 Analog Output Filter?
CS8416 39
Receiver |4 /:\A%lfJTIY; 8 Analog Output Filter ?
S/PDIF AOUTa+40
e -
optional AOUTS] 41 )| Analog Output Filter 2
5 connection
osc RMCK
35 Mute
MUTEC » Drive
% (optional)
< =
46
/ | IPPUt1 Analog Input 1
18V AIN1-| €% Filter
to+5.0V AIN2+ | g48
h Input Analog Input 2
AIN2-| 47 Filter '
Digital Audio
50
Processor AIN3+ |4 Input Analog Input 3
AIN3- |42 Filter
252
A Input1 Analog Input 4
AIN4- |- Filter
58
AINSHAINSA [« * Input Analog Input 5
S| INT AIN5-/AIN5B [€57 ,: Filter
3l meT |
Micro- ST AINB+AINGA [€*9—-H Input Analog Input 6
(Controller 8| SCL/ICCLK AING/AINGE |«%! : ' Filter '
< s4p{ SDA/CDOUT 1!
ool Input Analog Input 5A
2p| AD1/CDIN |: T Filter '
1 cs |
ADO/CS 1|
| Input
*x *x | : I_ Filter ! Analog Input 5B
|
2kQ § 2kQ |
i ] ! I 'T‘p”E Analog Input 6A
+1.8V o—o—eo—2lyic | Filter
eV L 0.1 yF : Input
s - npu Analog Input 6B
= Resigtors are required ;r - g np
for I°C control port 43 -
operation vQ 55
FILT+_ADC| 4
FILT+_DAC| ﬁ“ l l
+ + o
(DGND DGND DGND ~ AGND AGND) 01uF |47 uF
jj Es fz 56 42
B R - 1. See the ADC Input Filter section in the Appendix.
Connect DGND and AGND near CODEC 2. See the DAC Output Filter section in the Appendix.
Figure 1. Typical Connection Diagram
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3. CHARACTERISTICS AND SPECIFICATIONS
RECOMMENDED OPERATING CONDITIONS
(AGND = DGND =0V, all voltages with respect to ground.)
Parameters | Symbol ‘ Min Max Units
DC Power Supply
Analog (Note 1) VA 3.14 5.25 \Y
Digital VD 3.14 5.25 \Y
Serial Audio Interface (Note 2) VLS 1.71 5.25 \Y,
Control Port Interface VLC 1.71 5.25 \%
Ambient Temperature
Commercial -CQz T -10 +70 °C
Automotive -DQZ A -40 +105 °C
ABSOLUTE MAXIMUM RATINGS
(AGND = DGND = 0 V; all voltages with respect to ground.)
Parameters Symbol Min Max Units
DC Power Supply Analog VA -0.3 6.0 \Y,
Digital VD -0.3 6.0 \Y
Serial Port Interface VLS -0.3 6.0 V
Control Port Interface VLC -0.3 6.0 V
Input Current (Note 3) lin - +10 mA
Analog Input Voltage (Note 4) VIN AGND-0.7 VA+0.7 \Y
Digital Input Voltage Serial Port Interface| V|nD-s -0.3 VLS+ 0.4 V
Control Port Interface| V|nD.c -0.3 VLC+ 0.4 V
Ambient Operating Temperature Ta -50 +125 °C
(power applied)
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.

Notes:

Typical Analog input/output performance will slightly degrade at VA = 3.3 V.
The ADC_SDOUT may not meet timing requirements in TDM, Double-Speed Mode.
3. Any pin except supplies. Transient currents of up to £+100 mA on the analog input pins will not cause

SCR latch-up.

4. The maximum over/under voltage is limited by the input current.

10
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ANALOG INPUT CHARACTERISTICS (COMMERCIAL)
Test Conditions (unless otherwise specified): Ta =-10 to +70°C; VD = VLS = VLC = 3.3 V5%, VA = 5 V+5%;
Full-scale input sine wave: 1 kHz through the active input filter in Figure 26 on page 54 and Figure 27 on page 54;

Measurement Bandwidth is 10 Hz to 20 kHz.

Differential Single-Ended
Parameter Min Typ Max Min Typ Max Unit
Fs=48 kHz, 96 kHz, 192 kHz
Dynamic Range A-weighted 99 105 - 96 102 - dB
unweighted 96 102 - 93 99 - dB
40 kHz bandwidth unweighted - 99 - 96 - dB
Total Harmonic Distortion + Noise -1dB - -98 -92 - -95 -89 dB
(Note 5) -20 dB - -82 - - -79 - dB
-60 dB - -42 - - -39 - dB
40 kHz bandwidth -1dB - -90 - - -90 - dB
ADC1-3 Interchannel Isolation - 90 - - 90 - dB
ADC3 MUX Interchannel Isolation - 90 - - 90 - dB
DC Accuracy
Interchannel Gain Mismatch - 0.1 - - 0.1 - dB
Gain Drift - +100 - - +100 - ppm/°C
Analog Input
Full-Scale Input Voltage 1.06*VA 1.12*VA 1.18*VA | 0.53*VA 0.56*VA 0.59*VA | Vpp
Differential Input Impedance (Notes 6 & 8) 23 29 32 kQ
Single-Ended Input Impedance
9 putimp Notes 788)| - - 23 29 32 kQ
Common Mode Rejection Ratio (CMRR) - 82 - - - - dB
DS648F5 11




——= CIRRUS LOGIC’ CS42448

ANALOG INPUT CHARACTERISTICS (AUTOMOTIVE)

Test Conditions (unless otherwise specified): Tp = -40 to +85°C; VD = VLS = VLC = 3.3 V5%, VA = 5 V+5%j;
Full-scale input sine wave: 1 kHz through the active input filter in Figure 26 on page 54 and Figure 27 on page 54;
Measurement Bandwidth is 10 Hz to 20 kHz.

Differential Single-Ended
Parameter Min Typ Max Min Typ Max Unit
Fs=48 kHz, 96 kHz, 192 kHz
Dynamic Range A-weighted 97 105 - 94 102 - dB
unweighted 94 102 - 91 99 - dB
40 kHz bandwidth unweighted - 99 - - 96 - dB
Total Harmonic Distortion + Noise -1dB - -98 -90 - -95 -87 dB
(Note 5) -20 dB - -82 - - -79 - dB
-60 dB - -42 - - -39 - dB
40 kHz bandwidth -1dB - -87 - - -87 - dB
ADC1-3 Interchannel Isolation - 90 - - 90 - dB
ADC3 MUX Interchannel Isolation - 85 - - 85 - dB
DC Accuracy
Interchannel Gain Mismatch - 0.1 - - 0.1 - dB
Gain Drift - +100 - - +100 - ppm/°C
Analog Input
Full-Scale Input Voltage 1.04*VA 1.12*VA 1.20*VA | 0.52*VA 0.56*VA 0.60*VA | Vpp
Differential Input Impedance (Notes 6 & 8) 23 29 32 kQ
Single-Ended Input Impedance
° P (Notes7&8)| - - 23 29 32 kQ
Common Mode Rejection Ratio (CMRR) - 82 - - - - dB
Notes:
5. Referred to the typical full-scale voltage.
6. Measured between AINx+ and AINx-.
7. Measured between AINxx and AGND.
8. The input impedance scales inversely proportionate to the sample rate of the ADC modulator.
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ADC DIGITAL FILTER CHARACTERISTICS

Parameter (Notes 9, 10) Min Typ Max ‘ Unit
Single-Speed Mode (Note 10)
Passband (Frequency Response) to -0.1 dB corner 0 - 0.4896 Fs
Passband Ripple - - 0.08 dB
Stopband 0.5688 - - Fs
Stopband Attenuation 70 - - dB
Total Group Delay - 12/Fs - s
Double-Speed Mode (Note 10)
Passband (Frequency Response) to -0.1 dB corner 0 - 0.4896 Fs
Passband Ripple - - 0.16 dB
Stopband 0.5604 - - Fs
Stopband Attenuation 69 - - dB
Total Group Delay - 9/Fs - s
Quad-Speed Mode (Note 10)
Passband (Frequency Response) to -0.1 dB corner 0 - 0.2604 Fs
Passband Ripple - - 0.16 dB
Stopband 0.5000 - - Fs
Stopband Attenuation 60 - - dB
Total Group Delay - 5/Fs - s
High-Pass Filter Characteristics
Frequency Response -3.0dB - 1 - Hz

-0.13 dB 20 - Hz

Phase Deviation @ 20 Hz - 10 - Deg
Passband Ripple - - 0 dB
Filter Settling Time - 105/Fs 0 s

Notes:
9. Filter response is guaranteed by design.

10. Response is clock-dependent and will scale with Fs. Note that the response plots (Figures 32 to 43) have
been normalized to Fs and can be de-normalized by multiplying the X-axis scale by Fs.
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ANALOG OUTPUT CHARACTERISTICS (COMMERCIAL)
Test Conditions (unless otherwise specified): Tp =-10 to +70°C; VD = VLS = VLC = 3.3 V5%, VA = 5 V+5%j;

Full-scale 997 Hz output sine wave (see Note 12) into passive filter in Figure 32 on page 58 and active filter in Fig-
ure 32 on page 58; Measurement Bandwidth is 10 Hz to 20 kHz.

Differential Single-Ended
Parameter Min Typ Max Min Typ Max Unit
Fs = 48 kHz, 96 kHz, 192 kHz
Dynamic Range
18 to 24-Bit A-weighted 102 108 - 99 105 - dB
unweighted 99 105 - 96 102 - dB
16-Bit A-weighted - 99 - - 96 - dB
unweighted - 96 - - 93 - dB
Total Harmonic Distortion + Noise
18 to 24-Bit 0dB - -98 -92 - -95 -89 dB
-20 dB - -85 - - -82 - dB
-60 dB - -45 - - -42 - dB
16-Bit 0dB - -93 - - -90 - dB
-20 dB - -76 - - -73 - dB
-60 dB - -36 - -33 - dB
Interchannel Isolation (1 kHz) - 100 - - 100 - dB
Analog Output
Full-Scale Output 1.235VA 1.300-VA 1.365°VA | 0.618+VA 0.650-VA 0.683VA| Vpp
Interchannel Gain Mismatch - 0.1 0.25 - 0.1 0.25 dB
Gain Drift - +100 - - +100 - ppm/°C
Output Impedance - 100 - - 100 - Q
DC Current draw from an AOUT pin - - 10 - - 10 A
(Note 11)
AC-Load Resistance (R|) (Note 13) 3 - - 3 - - kQ
Load Capacitance (C\) (Note 13) - - 100 - - 100 pF

14
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ANALOG OUTPUT CHARACTERISTICS (AUTOMOTIVE)
Test Conditions (unless otherwise specified): Ta = -40 to +85°C; VD = VLS = VLC = 3.3 V5%, VA = 5 V+5%;

Full-scale 997 Hz output sine wave (see Note 12) in Figure 32 on page 58 and Figure 32 on page 58; Measure-
ment Bandwidth is 10 Hz to 20 kHz.

Differential Single-Ended
Parameter Min Typ Max Min Typ Max Unit
Fs =48 kHz, 96 kHz, 192 kHz
Dynamic Range
18 to 24-Bit A-weighted 100 108 - 97 105 - dB
unweighted 97 105 - 94 102 - dB
16-Bit A-weighted - 99 - - 96 - dB
unweighted - 96 - - 93 - dB
Total Harmonic Distortion + Noise
18 to 24-Bit 0dB - -98 -90 - -95 -87 dB
-20 dB - -85 - - -82 - dB
-60 dB - -45 - - -42 - dB
16-Bit 0dB - -93 - - -90 - dB
-20 dB - -76 - - -73 - dB
-60 dB - -36 - - -33 - dB
Interchannel Isolation (1 kHz) - 100 - - 100 - dB
Analog Output
Full-Scale Output 1.210VA 1.300-VA 1.392-VA | 0.605°VA 0.650-VA 0.696°VA| Vpp
Interchannel Gain Mismatch - 0.1 0.25 - 0.1 0.25 dB
Gain Dirift - +100 - - +100 - ppm/°C
Output Impedance - 100 - - 100 - Q
DC Current draw from an AOUT pin - - 10 - - 10 pA
(Note 11)
AC-Load Resistance (R;) (Note 13) 3 - - 3 - - kQ
Load Capacitance (C\) (Note 13) - - 100 - - 100 pF
Notes:

11. Guaranteed by design. The DC current draw represents the allowed current draw from the AOUT pin
due to typical leakage through the electrolytic DC-blocking capacitors.

12. One LSB of triangular PDF dither is added to data.

13. Guaranteed by design. See Figure 2. R and C| reflect the recommended minimum resistance and
maximum capacitance required for the internal op-amp's stability and signal integrity. In this circuit to-
pology, C will effectively move the dominant pole of the two-pole amp in the output stage. Increasing
this value beyond the recommended 100 pF can cause the internal op-amp to become unstable. See
“External Filters” on page 54 for a recommended output filter.
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1257
T 5 100
DAC1-4 | 1
O ]
Analog i 757
AOUTxx Output -?3 1
- 1 Safe Operating
2 %0 Region
‘©
g- B
© 25ﬁ
O ]

AGND ] ‘ ‘ ‘ ‘
\T) 2.5‘ 5 10 15 20
3

Resistive Load -- R (kQ)

Figure 2. Output Test Circuit for Maximum Load Figure 3. Maximum Loading
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COMBINED DAC INTERPOLATION & ON-CHIP ANALOG FILTER RESPONSE

Parameter (Notes 9, 14) ‘ Min Typ Max ‘ Unit
Single-Speed Mode
Passband (Frequency Response) to -0.05 dB corner 0 - 0.4780 Fs
to -3 dB corner 0 - 0.4996 Fs
Frequency Response 10 Hz to 20 kHz -0.2 - +0.08 dB
StopBand 0.5465 - - Fs
StopBand Attenuation (Note 15)| 50 - - dB
Group Delay - 10/Fs - s
De-emphasis Error (Note 16) Fs =32 kHz - - +1.5/+0 dB
Fs =44.1 kHz - - +0.05/-0.25| dB
Fs =48 kHz - - -0.2/-04 | dB
Double-Speed Mode
Passband (Frequency Response) to -0.1 dB corner 0 - 0.4650 Fs
to -3 dB corner 0 - 0.4982 Fs
Frequency Response 10 Hz to 20 kHz -0.2 - +0.7 dB
StopBand 0.5770 - - Fs
StopBand Attenuation (Note 15)| 55 - - dB
Group Delay - 5/Fs - s
Quad-Speed Mode
Passband (Frequency Response) to -0.1 dB corner 0 - 0.397 Fs
to -3 dB corner 0 - 0.476 Fs
Frequency Response 10 Hz to 20 kHz -0.2 - +0.05 dB
StopBand 0.7 - - Fs
StopBand Attenuation (Note 15)| 51 - - dB
Group Delay - 2.5/Fs - s
Notes:

14. Response is clock-dependent and will scale with Fs. Note that the response plots (Figures 44 to 55) have
been normalized to Fs and can be de-normalized by multiplying the X-axis scale by Fs.

15. Single- and Double-Speed Mode Measurement Bandwidth is from Stopband to 3 Fs.
Quad-Speed Mode Measurement Bandwidth is from Stopband to 1.34 Fs.

16. De-emphasis is only available in Single-Speed Mode.

DS648F5
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SWITCHING SPECIFICATIONS - ADC/DAC PORT
Inputs: Logic 0 = DGND, Logic 1 = VLS, ADC_SDOUT Cpap = 15 pF.
Parameters (Note 21) ‘ Symbol ‘ Min Max Units

Slave Mode
RST pin Low Pulse Width (Note 17) 1 - ms
MCLK Frequency 0.512 50 MHz
MCLK Duty Cycle (Note 18) 45 55 %
Input Sample Rate (LRCK) Single-Speed Mode Fs 4 50 kHz

Double-Speed Mode (Note 19) Fs 50 100 kHz

Quad-Speed Mode (Note 20) Fs 100 200 kHz
LRCK Duty Cycle 45 55 %
SCLK Duty Cycle 45 55 %
SCLK High Time tsckh 8 - ns
SCLK Low Time tsekl 8 - ns
LRCK Rising Edge to SCLK Rising Edge ttliskss S - ns
SCLK Rising Edge to LRCK Falling Edge tfsh 16 - ns
SCLK Falling Edge to ADC_SDOUT Output Valid tapd - 35 ns
DAC_SDIN Setup Time Before SCLK Rising Edge tgs 3 - ns
DAC_SDIN Hold Time After SCLK Rising Edge tah 5 - ns
DAC_SDIN Hold Time After SCLK Rising Edge tan1 5 - ns
ADC_SDOUT Hold Time After SCLK Rising Edge tgh2 10 - ns
ADC_SDOUT Valid Before SCLK Rising Edge taval 15 - ns
Master Mode
Output Sample Rate (LRCK) All Speed Modes Fs - MCLK / 256 kHz
LRCK Duty Cycle 45 55 %
SCLK Frequency - 64 x Fs MHz
SCLK Duty Cycle 45 55 %
LRCK Edge to SCLK Rising Edge ticks - 5 ns
SCLK Falling Edge to ADC_SDOUT Output Valid tapd - 35 ns
DAC_SDIN Setup Time Before SCLK Rising Edge tgs 3 - ns
DAC_SDIN Hold Time After SCLK Rising Edge tah1 5 - ns
LRCK X LRCK Jk *
Lhoke o foon Lo | 1 be | b |t tw

DAC_SDINx ‘ ‘ MSB

ADC_SDOUTx MSB

>< MSB-1

Figure 4. Serial Audio Interface Slave Mode Timing

SCLK
(input) ‘
t t

DAC_SDIN1 * MSB

ADC_SDOUT1 | MSB X MSB-1 X

Figure 5. TDM Serial Audio Interface Timing
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Notes:
17. After powering up the CS42448, RST should be held low after the power supplies and clocks are settled.
18. See Table 10 on page 44 and Table 11 on page 45 for suggested MCLK frequencies.
19. When operating in TDM interface format, VLS is limited to nominal 2.5 V to 5.0 V operation only.

20. ADC - IS, Left-Justified, Right-Justified interface formats only. DAC - I?S, Left-Justified, Right-Justified
and Time Division Multiplexed interface formats only.

21. “LRCK” and “SCLK” shall refer to the ADC and DAC left/right clock and serial clock, respectively.

x

|
|
DAC_SDINx ‘ MSB X MSB-1

ADC_SDOUTXx MSB >< MSB-1

Figure 6. Serial Audio Interface Master Mode Timing
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SWITCHING CHARACTERISTICS - AUX PORT
Inputs: Logic 0 = DGND, Logic 1 = VLS.

Parameters ‘ Symbol ‘ Min Max Units
Master Mode
Output Sample Rate (AUX_LRCK) All Speed Modes Fs - ADC _LRCK kHz
AUX_SCLK Frequency - 64*ADC_LRCK | kHz
AUX_SCLK Duty Cycle 45 55 %
AUX_LRCK Edge to SCLK Rising Edge ticks - 5 ns
AUX_SDIN Setup Time Before SCLK Rising Edge tys 3 - ns
AUX_SDIN Hold Time After SCLK Rising Edge tan 5 - ns

AUX_LRCK

|
AUX_SCLK \I f 4

N

tdh

AUX_SDIN

MSB

|
X MSB-1

Figure 7. Serial Audio Interface Timing
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SWITCHING SPECIFICATIONS - CONTROL PORT - I’°C MODE
VLC=1.8V-50V,VLS=VD=3.3V,VVA=50V; Inputs: Logic 0 = DGND, Logic 1 = VLC, SDA 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 - us
Start Condition Hold Time (prior to first clock pulse) thdst 4.0 - us
Clock Low time tiow 4.7 - V&
Clock High Time thigh 4.0 - us
Setup Time for Repeated Start Condition tsust 4.7 - us
SDA Hold Time from SCL Falling (Note 22) thdd 0 - V&
SDA Setup time to SCL Rising tsud 250 - ns
Rise Time of SCL and SDA (Note 23) trc - 1 us
Fall Time SCL and SDA (Note 23) tic - 300 ns
Setup Time for Stop Condition tsusp 4.7 - V&
Acknowledge Delay from SCL Falling tack 300 1000 ns

Notes:
22. Data must be held for sufficient time to bridge the transition time, s, of SCL.
23. Guaranteed by design.

RST
tirs
Repeated

Stop Start Start Stop

i /—U—H oy ey b
SDA J/pj, | |\ +

scL J

L

low hdd tsud tack t sust the

Figure 8. Control Port Timing - I’"C Format
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CS42448

SWITCHING SPECIFICATIONS - CONTROL PORT - SPI FORMAT
VLC=1.8V-5.0V,VLS=VD=3.3V,VA=50V; Inputs: Logic 0 = DGND, Logic 1 = VLC, CDOUT C_ = 30 pF.

Parameter Symbol Min Max Units
CCLK Clock Frequency fsck 0 6.0 MHz
RST Rising Edge to CS Falling trs 20 - ns
CS Falling to CCLK Edge toss 20 - ns
CS High Time Between Transmissions tesh 1.0 - us
CCLK Low Time tsal 66 - ns
CCLK High Time tsch 66 - ns
CDIN to CCLK Rising Setup Time tasu 40 - ns
CCLK Rising to DATA Hold Time (Note 24) tan 15 - ns
CCLK Falling to CDOUT Stable tod - 50 ns
Rise Time of CDOUT tr1 - 25 ns
Fall Time of CDOUT tf - 25 ns
Rise Time of CCLK and CDIN (Note 25) teo - 100 ns
Fall Time of CCLK and CDIN (Note 25) teo - 100 ns
Notes:
24. Data must be held for sufficient time to bridge the transition time of CCLK.
25. For fgex <1 MHz.
ﬁ tsrs
‘ t
o 5 ‘ (S jﬁ ><:s
b,
9 ><:?
CDOUT MsB
§—| 5
Figure 9. Control Port Timing - SPI Format
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DC ELECTRICAL CHARACTERISTICS
AGND = 0 V; all voltages with respect to ground.

Parameters | Symbol Typ Max Units
Normal Operation (Note 26)
Power Supply Current VA=50V Ia 80 - mA

VLS=VLC=VD=33V IpT 60.6 - mA
(Note 27)

Power Dissipation All Supplies =5V 600 850 mW
Power Supply Rejection Ratio 1kHz| PSRR 60 - dB
(Note 28) 60 Hz 40 - dB
Power-Down Mode (Note 29)
Power Dissipation All Supplies=VA =5V 1.25 - mW
VQ Characteristics
Nominal Voltage 0.5-VA - \%
Output Impedance 23 - kQ
DC Current Source/Sink (Note 30) - 10 A
FILT+_ADC Nominal Voltage VA - V
FILT+_DAC Nominal Voltage VA - V

Notes:

26. Normal operation is defined as RST = HI with a 997 Hz, 0 dBFS input to the DAC and AUX port, and a
1 kHz, -1 dB analog input to the ADC port sampled at the highest F¢ for each speed mode. DAC outputs

are open, unless otherwise specified.

27. Ipt measured with no external loading on pin 64 (SDA).

28. Valid with the recommended capacitor values on FILT+ and VQ. Increasing the capacitance will also

increase the PSRR.

29. Power-Down Mode is defined as RST = LO with all clocks and data lines held static and no analog input.

30. Guaranteed by design. The DC current draw represents the allowed current draw from the VQ pin due

to typical leakage through the electrolytic de-coupling capacitors.

DS648F5
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DIGITAL INTERFACE SPECIFICATIONS & CHARACTERISTICS
Parameters (Note 31) Symbol Min Typ Max Units

High-Level Output Voltage at I,=2 mA Serial Port VLS-1.0 - - V

Control Port| Von VLC-1.0 - - V

MUTEC VA-1.0 - - Vv

Low-Level Output Voltage at 1,=2 mA Serial Port - - 04 V

Control Port| VoL - - 0.4 \Y

MUTEC - - 0.4 \

High-Level Output Voltage at 1,=100 pA Serial Port 0.8xVLS - - \Y,

Control Port| Von 0.8xVLC - - \Y,

MUTEC 0.8xVA - - Vv

Low-Level Output Voltage at 1,=100 pA Serial Port - - 0.2xVLS V

Control Port| VoL - - 0.2xVLC | V

MUTEC - - 0.2xVA Vv

High-Level Input Voltage Serial Port 0.7xVLS - - \Y,

Control Port| V4 0.7xVLC - - V

Low-Level Input Voltage Serial Port - - 0.2xVLS V

Control Port| V|_ - - 0.2xVLC V

Leakage Current lin - - +10 pA

Input Capacitance (Note 23) - - 10 pF

MUTEC Drive Current - 3 - mA

Notes:

31. See “Digital I/O Pin Characteristics” on page 8 for serial and control port power rails.

24
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4. APPLICATIONS
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4.2

4.2.1

Overview

The CS42448 is a highly integrated mixed signal 24-bit audio CODEC comprised of 6 analog-to-digital con-
verters (ADC) implemented using multi-bit delta-sigma techniques and 8 digital-to-analog converters (DAC)
also implemented using multi-bit delta-sigma techniques.

Other functions integrated within the CODEC include independent digital volume controls for each DAC, dig-
ital de-emphasis filters for the DAC, digital volume control with gain on each ADC channel, ADC high-pass
filters, an on-chip voltage reference, and Popguard technology that minimizes the effects of output tran-
sients on power-up and power-down.

All serial data is transmitted through two independent serial ports: the DAC serial port and the ADC serial
port. Each serial port can be configured independently to operate at different sample and clock rates, but
both must run synchronous to each other.

The serial audio interface ports allow up to 8 DAC channels and 8 ADC channels in a Time-Division Multi-
plexed (TDM) interface format. In the One-Line Mode (OLM) interface format, the CS42448 will allow up to
6 ADC channels on one data line and up to 8 DAC channels on 2 data lines.

The CS42448 features an Auxiliary Port used to accommodate an additional two channels of PCM data on
the ADC_SDOUT data line in the TDM digital interface format. See

for details.

The CS42448 operates in one of three oversampling modes based on the input sample rate. When operat-
ing the CODEC as a slave, mode selection is determined automatically based on the MCLK frequency set-
ting. When operating as a master, mode selection is determined by the ADC and DAC FM bits in register
“Functional Mode (Address 03h)” on page 44. Single-Speed Mode (SSM) supports input sample rates up
to 50 kHz and uses a 128x oversampling ratio. Double-Speed Mode (DSM) supports input sample rates up
to 100 kHz and uses an oversampling ratio of 64x. Quad-Speed Mode (QSM) supports input sample rates
up to 200 kHz and uses an oversampling ratio of 32x (Note: QSM for the ADC is only supported in the I2S,
Left-Justified, Right-Justified interface formats. QSM for the DAC is supported in the IS, Left-Justified,
Right-Justified and Time Division Multiplexed interface formats).

All functions can be configured through software via a serial control port operable in SPI Mode or in I?C
Mode.

Figure 2 on page 16 shows the recommended connections for the CS42448. See “Register Description” on
page 42 for the default register settings and options.

Analog Inputs

Line-Level Inputs

AINx+ and AINx- are the line-level differential analog inputs internally biased to VQ, approximately VA/2.
Figure 10 on page 26 shows the full-scale analog input levels. The CS42448 also accommodates sin-
gle-ended signals on all inputs, AIN1-AING. See “ADC Input Filter” on page 54 for the recommended input
filters.

For single-ended operation on ADC1-ADC3 (AIN1 to AING), the ADCx_SINGLE bit in the register “ADC
Control & DAC De-Emphasis (Address 05h)” on page 46 must be set appropriately (see Figure 27 on
page 54 for required external components).
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