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CS4244 Evaluation Board

Features

&

Multiple Analog Input Filter Options

— Active Single Ended to Differential

— Passive Differential

<&

Multiple Analog Output Filter Options

— Passive Single Ended & Differential
— Active Single Ended & Differential
— Active Differential to Single Ended

<&

Versatile S/PDIF Interface

— (CS8416 Digital Audio Receiver
— CS8406 Digital Audio Transmitter
— CS2000 Clock Synthesizer

<&

External Connection Headers

— Control Port Accessibility
— DSP Serial Audio I/O Accessibility

<&

Windows® Compatible FlexGUI S/W Control
— Allows Easy Configuration of the CDB4244
— Predefined & User-Configurable Scripts

Description

The CDB4244 evaluation board is an excellent platform
designed to facilitate evaluation of the CS4244 multi-
channel CODEC. Use of the board requires an ana-
log/digital signal source, an audio analyzer, and power
supplies. A Windows PC-compatible computer is also
needed in order to configure the board.

System timing for the I12S and Left-Justified serial inter-
face formats can be accomplished using S/PDIF 1/O or
crystal-based timing hardware on the CDB4244. An ex-
ternal DSP interface header supports I2S, Left-Justified,
and TDM serial interface formats.

1/8" audio jacks, three-pin headers, and RCA phono
jacks are provided for the CS4244 analog I/O connec-
tions. Digital /0O connections are accomplished through
RCA phono jacks or optical connectors leading to the
S/PDIF receiver and transmitter.

The Windows-based software available online makes
configuring the CDB4244 easy. The software commu-
nicates through the PC’'s USB port to control the
CS4244, the S/PDIF receiver and transmitter, and the
clock synthesizer. These devices can also be con-
trolled through an external control header for easy in-
system evaluation.
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CIRRUS LOGIC CDB4244
1 SYSTEM OVERVIEW

The CDB4244 platform provides analog and digital interfaces to the CS4244 and allows for external DSP and l2c™
control. Board configuration can be done using the Windows PC-compatible graphical user interface (GUI) to read
and write device registers. Multiple analog input and output filter configurations are supported, as well are several
different options for generating a system master clock.

The CDB4244 schematic set has been partitioned into eight pages and is shown in Section 8 starting on page 23.
Additionally, Section 6 on page 20 provides a description of all external connectors, including the default factory set-
tings for all jumpers.

1.1 Power

Power is supplied to the board through an external regulated +5-V supply or a PC USB port. The CS4244
analog supply (referred to as VA) may be taken from the selected +5-V supply or an onboard +3.3-V regu-
lator. Table 4 on page 21 explains how to configure each option. A dual-rail +12-V regulated supply is re-
quired to power the active filter network used for each analog input channel. A special resistor option allows
the optional active analog output filter configurations to use either a single-rail or dual-rail power supply.

Shunt jumpers and 1%, 1-Q parallel resistors provide a convenient way to measure both the VA and VL
supply currents to the CS4244. The current is easily calculated by measuring the voltage drop across each
resistor with its associated shunt removed. The shunts connected in parallel with these resistors must be in
place during normal operation.

WARNING: Please refer to the CS4244 data sheet for allowable voltage levels.

1.2  Grounding and Power Supply Decoupling

The CS4244 requires careful attention to power supply and grounding arrangements to optimize perfor-
mance. The CDB4244 demonstrates these optimal arrangements. Figure 18 on page 31 shows the compo-
nent placement; Figure 19 on page 32 shows the top-side layout and Figure 22 on page 35 shows the
bottom-side layout. Power supply decoupling capacitors are located as close as possible to the CS4244.
Extensive use of ground plane fill helps reduce radiated noise.

1.3 CS4244 Multi-Channel CODEC

A complete description of the CS4244 (Figure 10 on page 23) can be found in the CS4244 data sheet. The
CS4244 is configured using the Cirrus Logic FlexGUI software. The device configuration registers are ac-
cessible via the “Register Maps” tab of the software. This tab provides low-level control of each bit in the
device’s control port. The “CODEC Control” and “Volume Control” tabs provide high-level control of the de-
vice for faster configuration. See Section 2 on page 7 for details.

1.4 CS8406 Digital Audio Transmitter

The CS8406 S/PDIF transmitter (Figure 11 on page 24) converts the digital audio generated by the CS4244
(I12S or Left-Justified serial interface formats) to the standard S/PDIF data stream and routes these signals
to the optical and RCA connectors on the CDB4244. With a supplied master clock, the CS8406 can master
the serial audio interface timing for the CDB4244.

The CS8406 can be controlled using the Cirrus Logic FlexGUI software under the “Board Control” tab. See
Section 2.1 on page 8 for details. A complete description of the CS8406 and a discussion of the digital audio
interface can be found in the CS8406 data sheet.
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CS8416 Digital Audio Receiver

The CS8416 S/PDIF receiver (Figure 11 on page 24) converts the incoming S/PDIF data stream from the
optical or RCA connectors into digital audio (I12S or Left-Justified serial interface formats) and passes it to
the CS4244. Using the master clock recovered from the incoming S/PDIF stream or the clock provided by
the socketed onboard oscillator, the CS8416 can master the serial audio interface timing for the CDB4244.

The CS8416 can be controlled using the Cirrus Logic FlexGUI software under the “Board Control” tab. See
Section 2.1 on page 8 for details. A complete description of the CS8416 and a discussion of the digital audio
interface can be found in the CS8416 data sheet.

CS2000 Fractional-N Clock Synthesizer & Clock Multiplier

The CS2000 clock synthesizer (Figure 11 on page 24) provides a low-jitter master clock source for the
CS4244 and CS8406, and is capable of generating the necessary master clock frequencies to provide mul-
tiple sample rates without having to make hardware changes to the board. The Cirrus Logic FlexGUI soft-
ware can be used to easily realize many of the clocking options available for the CDB4244.

Refer to Section 3 on page 13 for a detailed explanation of how the CS2000 can be used with the CDB4244.
A complete description of the CS2000 can be found in the CS2000 data sheet.

Oscillator

The socketed onboard oscillator (Figure 11 on page 24) can serve as the master clock for the CDB4244
when the CS8416 can no longer recover a master clock from the incoming S/PDIF stream. Refer to Section
3.1 on page 13 for more information. The oscillator is mounted in pin sockets, allowing easy removal or re-
placement. The CDB4244 can accommodate +5-V half-can oscillators.

External Connection Headers

The CDB4244 has been designed to allow connections to and from an external system through a DSP
header (J2 in Figure 10 on page 23) and a control port header (J1 in Figure 10 on page 23). The DSP header
provides access to the serial audio signals required to interface with an external system. The control port
header provides bidirectional access to the 12C control port signals. Two unpopulated pull-up resistors (R165
and R166) are also available in the event that the external host does not have pull-up resistors on its 12C
lines.

These headers are accessed by removing the jumpers from the “Jumper for Bd Control” position labeled on
the board. The user may then connect a ribbon cable connector to the “Ext Control Connection” pins for
external control of the CDB4244. A single row of “GND” pins are provided to maintain signal ground integrity.
If the headers are not in use, the jumpers must be in place for each row of J1 and J2 in the “Jumper for Bd
Control” position. In this configuration, the CDB4244 assumes full control of the CS4244, with access
through the PC USB connection.

Note that the CS4244 INT pin defaults to an active-low, open-drain interrupt output. The CDB4244 does not
have a pull-up resistor to pull the interrupt signal high once it is deasserted by the CS4244. Instead, the in-
terrupt signal is pulled high by a pull-up resistor internal to the onboard microcontroller. If the CDB4244 is
controlled externally (through the use of J1), the external system must be able to pull the interrupt signal
high if the CS4244 INT pin remains in its default open-drain configuration. Alternatively, the INT pin may be
configured as active high or active low, avoiding the need for a pull-up resistor in this case. Refer to the
CS4244 data sheet for more information.

To pass digital audio data from the ADCs of the CS4244 directly to the DACs in order to evaluate analog-
in-to-analog-out performance, remove the jumpers from the SDOUT1, SDIN1, SDOUT2, and SDIN2 rows
of the DSP header (J2). Then jumper SDOUT1 to SDIN1, and SDOUT2 to SDIN2 using the middle column
of the DSP header.
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1.10

Analog Inputs

The CDB4244 can accept single-ended analog input signals through the RCA phono jacks on each channel.
An active single-ended-to-differential input filter network converts the single-ended input into a differential
signal before the signal is passed to the respective differential analog inputs of the CS4244.

Space for a passive differential filter option allows differential analog input signals to be connected directly
to the CDB4244. Stereo 1/8” audio jacks are provided to support this option; however, the components used
to populate this filter option must be obtained separately. With either filter option, analog input signals are
AC-coupled to the CS4244.

Refer to Section 4 starting on page 15 for details on the implementation of either input filter.

Analog Outputs

The CDB4244 provides differential analog outputs through the stereo 1/8” audio jacks on each output chan-
nel. While a passive filter network is populated on each output channel by default, each channel has space
for an optional active differential filter network.

Both the active and passive differential filter options can be converted to provide single-ended outputs by
removing certain components from the board. A fifth filter option provides space for an active differential-to-
single-ended filter, which can convert the differential analog outputs of the CS4244 into a single-ended sig-
nal. RCA phono jacks are provided to support these options. The components used to populate any of the
three active output filter options available for each channel must be obtained separately.

Refer to Section 5 starting on page 17 for details on the implementation of each output filter.

DS900DB2


http://www.cirrus.com

——e——.
—_——

CIRRUS LOGIC CDB4244

2 SOFTWARE MODE CONTROL

The CDB4244 can be used with the Microsoft Windows®—based FlexGUI graphical user interface, allowing software
control of the CS4244, CS8416, CS8406, and CS2000 registers. The latest control software can be downloaded
from www.cirrus.com/msasoftware. Step-by-step instructions for setting up the FlexGUI with the CDB4244 config-
ured under the factory default settings are provided as follows:

Hpw DR

5.

Download and install the FlexGUI software as instructed on the Cirrus Logic website.
Connect a triple-output power supply to the binding posts marked “+5 V EXT, GND, -12 V, and +12 V.”
Connect the CDB4244 to the host PC using a USB cable.

Launch the Cirrus Logic FlexGUI. Once the GUI is launched successfully, all CS4244 registers are set to
their default reset state, with the remaining devices preconfigured as necessary.

Refresh the GUI by clicking on the “Update” button. The state of all registers is now visible.

For standard setup:

1.
2.
3.

Set up the board’s clocking and data options in the “Board Control” tab as desired.
Set up the CS4244 in the “CODEC Control” and “Volume Control” tabs as desired.
Begin evaluating the CS4244.

For quick setup, the CDB4244 may, alternatively, be configured by loading a predefined sample script file:

3.

Cirrus FlexGLI System

Cptions — Help

Save Board Reqisters. ..

On the File menu, click "Restore Board Registers..."
Browse to the “Boards\CDB4244\Scripts” directory.
Choose any one of the provided scripts to begin evaluation.

To create custom script files:

A w e

Cirrus FlexGUI System
i Options

Help

Restore Board Registers. ..
Exit

On the File menu, click "Save Board Registers..."

Enter any name that sufficiently describes the current setup.

Choose the desired location, and save the script.

To load this script at a later time, follow the instructions above for loading a predefined sample script.

DS900DB?2 7
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2.1 Board Control Tab

The “Board Control” tab provides high-level control of the clocking and data options within the CDB4244. A

description of each control group is outlined below.

CS8416 S/PDIF Receiver—Configures the serial interface format of the S/PDIF receiver and indicates how

the receiver is connected to the external transmitter (coaxial or optical).

CS8406 S/PDIF Transmitter—Configures the serial interface format of the S/PDIF transmitter and selects

which data channel is passed to the outgoing S/PDIF stream: SDOUT1 (ADC1 and ADC2) or SDOUT?2

(ADC3 and ADCA4).

CS2000 Clock Synthesizer—Selects the master clock that is presented to the CS4244 and CS8406. Refer

to Section 3 on page 13 for more information.

Update—Reads the registers of each device within the CDB4244 and reflects the current values in the GUI.
Cirrus FlexGUI System g|§|g|
File Cptions Help

Board Contral | CODEC Contral ] “olume Control | Register Maps
CS841E S/PDIF Receiver CS58406 5/PDIF Transmitter-
|+ Enable ¥ Auta Clock Switching ¥ Enable
MCLE. Frequency: M aster/Slave: MCLE. Frequency:
| 256 % Fs v [Master | 256 # Fs -
Digital Interface Format: Input Connection: Digital Interface Format;
|Left Justiied 246t | | Coavial - Left Justified 24-bit =
Master/Slave:
C52000 Clack Synthesizer Slave il
CS4244 and C58406 MCLE Source: Data Source:
---------- Make Selection e ~| SDOUTH -
Update
Figure 1. Board Control Tab
Note: Refer to the CS4244 data sheet for information on how to configure the device’s clocking options
in order to satisfy the device’s recommended power up and power down sequence.
8 DS900DB2
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2.2 CODEC Control Tab

CDB4244

The “CODEC Control” tab provides high-level control of many CS4244 register settings. Status text detailing
the CODEC's specific configuration is shown as part of certain controls. The text shown depends on the
setting of the associated control. Note that the Update button (described below) must be pressed to show
the current status of the CS4244 registers represented in this tab. A description of each control group is
outlined below. See the CS4244 data sheet for complete register descriptions.

Serial Port Configuration—Configures the CS4244's serial port and provides controls for related interrupts.
Note that changes to these settings during normal operation may violate the device’'s recommended power
up or power down sequence; refer to the CS4244 data sheet for more information.

Power—Provides a means to power up or power down each ADC and DAC of the CS4244. Note that it is
the user’s responsibility to ensure that the “VA Selection” control correctly reflects the VA supply level.

Miscellaneous Controls—Configures interrupt behavior and various ADC options, as well as selects the
CS4244’s 12C address.

TDM Options—Configures the CS4244’s serial port when operating in the TDM interface format. Note that
the CS4244 cannot operate in TDM mode using the CDB4244 alone; instead the CS4244 must be con-
trolled externally to exercise the device’s TDM capabilities. Refer to Section 1.8 on page 5 for more infor-
mation on how to release the CS4244 from the board’s command and control it with an external device.

Update—Reads all registers in the CS4244 and reflects the current values in the GUI.

Reset—Resets the CS4244.

Cirrus FlexGU] System
File= Options Help

EoX

Eoard Contral  CODEC Cortral | yolume Control | Register Maps ]

I. D Serial Port Configuration
C54244 B 0 Baze Rate Advizon: C54244 Mode:
|48.0 kHz | |Slave | Update
™ De-emphasis I Invert SCLK

Miscellaneous Controls
INT Pin Polarity:

Act. Low/Open Drain -+

Test Mode Emor
Status: 1] 3
™ Do Mot Flag INT Fin

Speed Mode:

Serial Port Format:

| Single Speed ﬂ

MCLE. R ate:

5286w -Do128x -

Clock Ermar
Statug: QK
I DaMatFlag INT Pin

[~ ADC1, ADC2 Bias Enable

[~ ADC3, ADCA Bias Enable

[ ADCHFF Enable

[Left-dustifed =

Serial Port Error
Status: ak.

™ DoMatFlag INT Fin

Power

[ Pawer Davin ADCT
[~ Power Down &0C2
[ Power Down ADC3
I™ Power Down ADC4

WA Selection:
J 3.3%0C -

Reset

[ Power Down DACT
[~ Power Down DACZ
I Power Do DACS
I Power Down DACS

I™ Ramp¥0 ta Ground

TOM Options [External Control Only)

|2C Address: Input S ample width: Output Sample WwWidth:
|ov22 - |24Bit ~| |24 Bit ~|
DACT-4 Data Source:
| Slots 1-4 of TOM stieam on SDIN1 ~|

I~ Manually Set Interupt Mask Bits

[ 5D0OUTY Side Chain

Figure 2. CODEC Control Tab
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2.3

Volume Control Tab

The “Volume Control” tab provides high-level control of all volume-related settings for each ADC and DAC
of the CS4244. Status text detailing the CODEC's specific configuration is shown as part of certain controls.
The text shown depends on the setting of the associated control. Note that the Update button (described
below) must be pressed to show the current status of the CS4244 registers represented in this tab. A de-
scription of each control group is outlined below. See the CS4244 data sheet for complete register descrip-
tions.

ADC—Provides controls to mute or invert the output of each ADC and to control ADC overflow interrupts.

DAC—Provides volume, muting, and inversion controls for each DAC, as well as a master volume control.
Fine volume control can be performed by clicking on the associated volume slider and using the arrow keys.
This group also controls DAC volume changes, as well as DAC clipping interrupts.

Update—Reads all registers in the CS4244 and reflects the current values in the GUI.

Reset—Resets the CS4244.

Cirrus FlexGUI System
File Cptions Help

Board Cortral ] CODEC Control  ¥olume Control | Reqgister Maps

ADC

ADCT

[ Mute [ Invert

ADCT Owerflow Interpt
Statuz:
™ DoMotFlagINT Pin

Mo Overflov

DAC
DAt
Lewel:

0.000 d8

[ Mute

[ Irvvert

Mote: Yolume level: shown are approsimate. Each DALC's effective volume is the sum of the DAC volume setting and the master volume setting. The final volume
is limited between B.02 dB and -89.55 dB. If the sum is below -89.55 dB. the specific DAL output is muted. See the C54244 data sheet for more infarmation.

DACT Chp Interrupk
Status: Mot Clipping

™ DaMat FlagINT Pin

Minimurn Transition Delay:

ADC2

[~ Mute [ Invert

ADCZ Owerflow Interupt
Status:
™ DoMotFlagINT Pin

Mo Overflow

Dac2
Lewel:

_ 0.000 dB

[ Mute

[~ Irvvert

DAC2 Clip Interrupt
Status: Mot Clipping

I DaMatFlag INT Pin

I amimum Transition Delay:

ADC3
[ Mute [ Irwvert
ADCE Overflow nterrupt
Status:
™ DoMotFlagINT Pin

Mo Owverflovs

Dac3
Lewel:

0.000 d&

[ Mute

[ Irvvent

DAC3 Clip Intermupt
Statuz Mot Clipping
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Register Maps Tab

The “Register Maps” tab provides low-level control over the register-level settings of the CS4244, CS8416,
CS8406, CS2000, and microcontroller GPIO. Each device is displayed on a separate tab. Register values
can be modified bitwise or bytewise. For bitwise control, click the appropriate push button for the desired
bit. For bytewise control, the desired hexadecimal value can be typed directly into the register address box
within the register map.

Cirrus FlexGU] System
File= Options Help

Board Contral | CODEC Contral | Wolume Cortrol  Register Maps |

€$4244 | CS8416 - SIPDIF Rx | CS8406 - S{PDIF Tx| CS2000 - Clock Synth. | GPIO |

foo  m 0z Jo3 o+ Jos Joe [0 Jos Jos Joa [oe foc [oo [oE [oF

Grid Legend Comm Mode Select: Resat Al I Update Peglsterl
00 Read'write Register Read Only Register [l Undefined Register 12 | Resct Dovi Update Device |
esetDevice | Update Device
Released Resat |

Figure 4. Register Maps Tab

Certain device tabs provide a means to reset the selected device through the use of the “Reset Device” but-
ton. The “Released Reset/Hold In Reset” button provides manual control of the selected device’s reset pin,
if applicable. The “Reset All” button resets the CDB4244.

The “Update Device” button reads all registers of the selected device and updates the register map accord-
ingly. Highlighting a specific register and clicking the “Update Register” button reads only the selected reg-
ister and refreshes its display in the register map.

DS900DB2 11
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2.5 Predefined Sample Scripts

The CDB4244 FlexGUI software comes furnished with four scripts that can quickly configure the board for
use with an external S/PDIF transmitter and receiver. These scripts configure the CS4244, CS8416, and
CS8406 to operate using the 24-bit Left-Justified serial interface format, with a master clock rate of 256
times the sample rate. The sample rate is set within the external S/PDIF source. System timing is mastered
by the CS8416 at multiples of the sample rate set by the S/PDIF source.

The system master clock recovered by the CS8416 is passed through the CS2000 before being presented
to the CS4244 and the CS8406. Serial audio data from the incoming S/PDIF stream is routed from the
CS8416 to the SDIN1 and SDIN2 pins of the CS4244, while data on the SDOUT1 pin of the CS4244 is rout-
ed to the CS8406 to be sent along the outgoing S/PDIF stream. The CS4244 is configured to operate in
single-speed mode; see the CS4244 data sheet for the range of allowable incoming sample rates. The four
scripts are defined as follows:

QuickSetup_Coax_VA_3R3V_AIN12: Configures the CDB4244 as described above when an exter-
nal S/PDIF transmitter is connected to the “S/PDIF IN” input of
the board using a coaxial cable, and a 3.3-V supply is used to
power VA.

QuickSetup_Coax_VA_5V_AIN12: Configures the CDB4244 as described above when an exter-
nal S/PDIF transmitter is connected to the “S/PDIF IN” input of
the board using a coaxial cable, and a 5-V supply is used to
power VA.

QuickSetup_Optical_VA_3R3V_AIN12: Configures the CDB4244 as described above when an exter-
nal S/PDIF transmitter is connected to the “S/PDIF IN” input of
the board using an optical cable, and a 3.3-V supply is used to
power VA.

QuickSetup_Optical_VA_5V_AIN12: Configures the CDB4244 as described above when an exter-
nal S/PDIF transmitter is connected to the “S/PDIF IN” input of
the board using an optical cable, and a 5-V supply is used to
power VA.

See Section 6 on page 20 regarding VA supply selection.
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3 MASTER CLOCK CONFIGURATION

The CDB4244 offers many options for generating a system master clock. The master clock can be recovered from
the incoming S/PDIF stream by the S/PDIF receiver or sourced from the socketed onboard oscillator in the event
that the S/PDIF receiver’s internal PLL becomes unlocked. This clock can be passed directly to the CS4244 and
CS8406, or it can be passed through the CS2000 first to reduce jitter. Alternatively, the CS2000 can be used to gen-
erate a system master clock based on the onboard 16-MHz crystal. This option can be used to exercise 18 common
master clock and sampling frequency combinations supported by the CS4244. Each of these options can be quickly
realized using the FlexGUI software, with no change in hardware required. Figure 5 highlights how these compo-
nents work together.

CS8416 CS2000 CS4244
S/IPDIF IN ———» RMCK CLK_IN  AUX_OUT MCLK
Osc. OMCK
Crystal CS8406
OMCK ——  S/PDIF OUT

Figure 5. Master Clock Path

Note that the CS8416 S/PDIF receiver and the CS2000 are the only devices on the CDB4244 that can provide a
system master clock. However, the S/PDIF receiver, S/PDIF transmitter, and CODEC are all capable of mastering
system timing under the I2S and Left-Justified serial interface formats. Each device can be configured as master or
slave using the FlexGUI software. It is the user’s responsibility to ensure that only one device serves as master, with
the remaining devices configured as slaves.

3.1 CS8416 Recovered Master Clock

By default, the master clock presented to the CS4244 and CS8406 is generated by the delta-sigma fraction-
al-N frequency synthesizer of the CS2000. This low-jitter clock source is matched in frequency to the master
clock recovered by the CS8416. The FlexGUI software enables this option at startup. This configuration can
be restored by selecting the “CS8416 Recovered MCLK (Clean)” option under the “CS4244 and CS8406
MCLK Source” menu in the “Board Control” tab (see Section 2.1 on page 8 for more information).

In the event that the CS8416’s internal PLL becomes unlocked, the CS8416 automatically sources the mas-
ter clock from the socketed oscillator. This assumes the “Auto Clock Switching” box in the “CS8416 S/PDIF
Receiver” group is checked. In this case, different master clock frequencies (and hence different sample
rates) can be realized by replacing the socketed oscillator with oscillators of different frequencies.

Alternatively, the master clock recovered by the CS8416 can be passed directly to the CS4244 and CS8406
by choosing the “CS8416 Recovered MCLK (Raw)” option under the “CS4244 and CS8406 MCLK Source”
menu. In this configuration, no jitter reduction is performed on the master clock presented to the CS4244
and CS8406. The CS2000 can be physically eliminated from the clocking path by removing all components
pertaining to the CS2000 (U3, R25, C32, C33, C34, C35, Y1), and then populating R20 with a 0-Q 0603
SMT resistor. Note that under this configuration, the “CS4244 and CS8406 MCLK Source” menu in the
FlexGUI software has no effect.

DS900DB2 13
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3.4

CS2000-Generated Master Clock

For greater flexibility, the CS2000 can be configured to provide a master clock at several different frequen-
cies. This eliminates the need to replace the socketed oscillator to achieve different sample rates in the
event that the incoming S/PDIF stream is unavailable. Note that either the CS4244 or CS8406 must be con-
figured as master in order to achieve different sample rates using the master clock generated by the
CS2000. The CS8416 must be configured as slave or disabled to prevent contention on the LRCK and
SCLK signals (refer to the CS8416 data sheet for more information). It is not recommended to exercise the
digital-input-to-analog-output path (through the CS8416 and the CS4244 DACs) while the CS8416 is con-
figured as slave, because the sample rate delivered to the CS8416 OLRCK input and the sample rate from
the incoming S/PDIF stream are generated in two different clock domains. This may result in repeated or
dropped samples, distorting the analog output signal produced by the CS4244.

Different master clock frequencies are realized by choosing one of the “CS2000 Generated...” options within
the “CS4244 and CS8406 MCLK Source” menu in the “Board Control” tab of the FlexGUI software. Each
option shows the master clock frequency, anticipated master-clock-to-sample-rate ratio, and the resulting
sample rate. For example, “12.2880 MHz (256x48.0 kHz)” means that a sample rate of 48.0 kHz with an
MCLK / Fg ratio equal to 256 results in a 12.2880-MHz master clock.

A total of 18 common master clock frequencies that are supported by the CS4244 are provided. It is the
user’s responsibility to ensure that the CS4244 is configured to accept the incoming master clock by making
the appropriate changes in the “CODEC Control” tab of the FlexGUI software. See Section 2.2 on page 9
and the CS4244 data sheet for more information. Furthermore, the user must also ensure that the CS8406
is properly configured to match the relevant serial port settings of the CS4244 by making the appropriate
changes in the “Board Control” tab (refer to the CS8406 data sheet for more information). Note that not all
of the master-clock-to-sample-rate ratios that are supported by the CS4244 are supported by the CS8406.
The remaining CS4244 combinations may only be exercised through external control (refer to Section 1.8
on page 5).

CS2000 Timing Reference

By default, the CS2000 uses a 16-MHz crystal to serve as the device’s timing reference. Alternatively, this
crystal can be removed so that the socketed 12.2880-MHz oscillator serves as the device's timing refer-
ence. This is accomplished by first removing the crystal (Y1) and capacitors C34 and C35, and then popu-
lating R24 with a 0-Q 0603 SMT resistor. This routes the oscillator to the CS2000 timing reference clock
input pin.

Note: The FlexGUI software and associated scripts assume the use of a 16-MHz timing reference.
Changes to this frequency will alter the frequencies generated by the “CS2000 Generated...” op-
tions within the “CS4244 and CS8406 MCLK Source” menu. Furthermore, using a timing reference
frequency other than that of the default 16-MHz crystal may require changes to the Reference
Clock Input Divider register setting of the CS2000. Therefore, it is highly recommended that the
crystal timing reference is not altered from its factory preset configuration. Refer to the CS2000
data sheet for more information.

Miscellaneous Options

The clock present on the timing reference pin of the CS2000 can act as the system master clock by selecting
“External Timing Reference” under the “CS4244 and CS8406 MCLK Source” menu. Alternatively, the mas-
ter clock can be disabled by selecting “OFF” from the same menu. This configures the auxiliary output of
the CS2000 as high impedance.
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4 ANALOG INPUT FILTERS

The CDB4244 makes it possible to realize two different analog input filter options for interfacing with the CS4244: a
convenient active single-ended-to-differential filter to showcase maximum analog input performance, and an option-
al passive differential filter to minimize component count. Refer to AN340: CS4234/4244 Filter Considerations for a
detailed discussion of the theory and design decisions behind each filter. The following sections highlight the use
cases of each filter.

4.1  Active Single-Ended-to-Differential Input Filter

By default, the CDB4244 is configured with an active single-ended-to-differential input filter network on each
input channel to allow a simple single-ended signal to be connected to each of the board’s analog inputs.
The filter network converts the single-ended signal into a differential signal to interface with the differential
analog inputs of the CS4244, while minimizing source impedance in order to achieve maximum analog input
performance. Figure 6 highlights the signal flow of this filter.

Non-Inverting
—’
Single-Ended Input Buffer

AIN+

CS4244

Inverting
Buffer

AIN-

Figure 6. Active Single-Ended-to-Differential Input Filter Block Diagram

Use of this filter network requires a dual-rail £12-V power supply to power the operational amplifiers em-
ployed in the design. Note that the amplitude of the single-ended input signal is doubled by the differential
conversion. As such, the full-scale input voltage that can actually be applied at the input of the filter is 6 dB
below the full-scale input voltage specified in the CS4244 data sheet.

4.2  Passive Differential Input Filter

Alternatively, each input channel of the CDB4244 can be configured with a passive differential input filter
network to reduce component count at the cost of performance. In this configuration, a differential input sig-
nal is connected to each analog input of the CDB4244, filtered through a passive network, and presented
directly to the CS4244 analog inputs. Figure 7 highlights the signal flow of this filter.

AIN+
b\ ) Passive Filter
Dlzerentlal Input Network CS4244
AIN-

Figure 7. Passive Differential Input Filter Block Diagram

Because no active circuit elements are used in this design, the dual-rail +12-V power supply can be removed
completely if no active output filters are in use (refer to Section 5.1 on page 17). If only the +5-V power sup-
ply remains in use, the CDB4244 can be powered solely from the PC USB port when the board power is
configured as specified in Table 4 on page 21.
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Either filter option is realized by populating certain components and removing others. Section 4.3 contains
a comprehensive list of components, and Figure 18 on page 31 contains a silk-screen diagram to aid in lo-
cating each component. Note that because of the grouping of the ADC common-mode voltages of the
CS4244, the filter option used for AIN1 must also be used for AIN2. Likewise, the filter option used for AIN3
must also be used for AIN4. Refer to the CS4244 data sheet for more information.

Analog Input Filter Configuration

The following table lists the components that must be present or absent in order to realize either filter design
for each of the four input channels. “POPULATE” or a component value specifies that the component should
be populated, while “NO POP” specifies that the component should not be populated.

Reference Designator Active Passive
(AIN1, AIN2, AIN3, AIN4) Description S/E—Differential* Differential
C78, C43, C86, C139 Electrolytic, 4.7 uF 10 uF
C17, C69, C135, C155 SMT Case B, 20% NO POP 10 uF
C84, C47, C124, C152 16V 22 uF NO POP
C79, C44, C87, C140 COG, SMT 0603, 5% 470 pF NO POP
C80, C45, C88, C141 16V 470 pF NO POP
C41, C77, C137, C157 2700 pF 240 pF
C89, C48, C125, C153 X7R, SMT 0603, 5% 0.01 pF NO POP
C122, C68, C134, C154 25V 0.01 pF NO POP
C82, C46, C123, C151 0.01 pF NO POP
R29, R78, R207, R234 SMT 0603 NO POP 100 kQ
R26, R73, R203, R230 (Note 1) 0Q NO POP
R18, R72, R202, R229 0Q NO POP
R12, R71, R201, R228 0Q NO POP

R27, R74, R204, R231 NO POP 0Q
R30, R77, R206, R233 NO POP 0Q
R32, R88, R209, R236 0Q 2.0kQ
R33, R89, R210, R237 0Q 2.0kQ
R35, R91, R212, R239 NO POP 16.0 kQ
R79, R36, R133, R213 634 Q NO POP
R81, R38, R135, R215 634 Q NO POP
R80, R37, R134, R214 634 Q NO POP
R83, R40, R137, R217 91 Q NO POP
R82, R39, R136, R216 91 Q NO POP
R84, R41, R138, R218 100 kQ NO POP
R86, R42, R139, R219 100 kQ NO POP
R87, R43, R140, R220 100 kQ NO POP
U5, U7, U10, U1 NE5532D, SOP-8 POPULATE NO POP

*Default factory setting
Table 1. Analog Input Filter Components

Notes:

1. Nonzero resistors are specified as 1/10 W with 1% tolerance.
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5 ANALOG OUTPUT FILTERS

The CDB4244 allows the user to evaluate the CS4244 using five different output filter configurations: passive single
ended, passive differential, active single ended, active differential, and active differential to single ended. Figure 8
demonstrates the available options on the board.

Passive Filter Network

S434)

vvy

Active Filter Network
j> Output +

Active Filter Network
(Differential to S/E)

CS4244 BE—
AOUT- :D}

AOUT+

Passive Filter Network
§ T § T
Active Filter Network

Figure 8. Analog Output Filter Block Diagram

vy

} Output -

Each output filter option is realized by populating certain components and removing others. Section 5.2 on page 19
contains a comprehensive list of components, and Figure 18 on page 31 contains a silk-screen diagram to aid in
locating each component. By default, the CDB4244 is configured to use a passive differential filter on each output
channel.

5.1 Analog Output Filter Considerations

If any of the three active output filter configurations are used, a dual-rail +12-V supply must be connected
to the CDB4244 to power the operational amplifiers used in these filter designs. The dual-rail supply is not
required for the passive single-ended or differential output filter options, but is still required when using the
default active single-ended-to-differential filter network on the input channels of the CDB4244. As men-
tioned in Section 4.2 on page 15, if every input and output channel is configured to use a passive filter net-
work, the +12-V supply may be removed.

The negative supply rail of the active output filter network can be tied to -12 V or ground to provide the option
of a dual-rail or single-rail supply, respectively. The dual-rail supply is achieved by populating R141 with a
0-Q 0603 SMT resistor and omitting R142. Omitting R141 and populating R142 allows for a single-rail sup-
ply. This is shown in Figure 17 on page 30. The CDB4244 is configured to use a dual-rail supply by default.
Note, however, that exercising the single-rail supply option limits the voltage swing of the output signal. Driv-
ing a full-scale output signal with a single-rail supply severely clips the analog output signal.
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Note that there is a phase reversal on the analog audio output connections of the CDB4244 when using an
active output filter; this is due to the inverting amplifier configurations used in each design. This is noted
along the three-pin differential output headers (see Section 6.1 on page 20) by the “+” and “-” labels next to
the headers. There is no phase reversal for either passive filter configuration.

Loads connected to the analog outputs of the CS4244 must satisfy the device’s minimum and maximum
loading requirements. The active output filters that can be realized using the CDB4244 satisfy these require-
ments. However, the user must adhere to the minimum and maximum loading requirements of the CS4244
when connecting an external load to the CDB4244 while using a passive output filter. See Figure 15 on page
28 and Figure 16 on page 29 to observe the loads already present on the analog outputs of the CS4244
under the passive filter options, as these loads must be taken into account when connecting an external
load to the CDB4244 using a passive output filter. See the CS4244 data sheet for the minimum and maxi-
mum loading specifications of the CS4244.

Refer to AN340: CS4234/4244 Filter Considerations for a detailed discussion of recommended output filters
for the CS4244 as they pertain to the CDB4244. This document details the design decisions and trade-offs
involved with the filters used here. Reference the CS4244 data sheet for the analog output characteristics
of the device.

WARNING: The active differential-to-single-ended filter option places the full differential output voltage of the re-

spective CS4244 analog output pair on a single RCA phono jack. Connect these outputs to external
devices with caution, as this signal level may exceed the maximum allowable input amplitude for many
consumer devices.

18
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5.2  Analog Output Filter Configuration
The following table lists the components that must be present or absent in order to realize each filter design
for each of the four output channels. “POPULATE” or a component value specifies that the component
should be populated, while “NO POP” specifies that the component should not be populated.
Reference Designator Passive | Passive Active Active Active
(AOUT1, AOUT2, AOUT3, AOUT4) Description Diff.* S/E Diff. S/E D—S/E
C54, C95, C114, C162 Electrolytic, 22 uF 22 uF NO POP NO POP NO POP
€60, C106, C129, C173 SMT Case B, 20% 22 uF NO POP NO POP NO POP NO POP
€93, C110, C133, C177 16V NO POP NO POP 22 uF 22 uF NO POP
C56, C102, C121, C169 NO POP NO POP 22 uF NO POP NO POP
€91, C108, C131, C175 NO POP NO POP 22 uF 22 uF 22 uF
€92, C109, C132, C176 NO POP NO POP 22 uF NO POP NO POP
€90, C101, C120, C168 NO POP NO POP NO POP NO POP 22 uF
C55, C96, C115, C163 COG, SMT 0603, 5% | 1500 pF 1500 pF NO POP NO POP NO POP
C61, C107, C130, C174 16V 1500 pF NO POP NO POP NO POP NO POP
C51, C53, C113, C161 NO POP NO POP 1000 pF 1000 pF 1000 pF
C59, C105, C128, C172 NO POP NO POP 1000 pF NO POP NO POP
C49, C52, C112, C160 NO POP NO POP 270 pF 270 pF 270 pF
C58, C104, C127, C171 NO POP NO POP 270 pF NO POP NO POP
C66, C99, C118, C166 NO POP NO POP NO POP NO POP 1000 pF
C67, C100, C119, C167 NO POP NO POP NO POP NO POP 270 pF
C62, C97, C116, C164 X7R, SMT 0603, 5% | NO POP NO POP 0.01 uF 0.01 uF 0.01 uF
C64, C98, C117, C165 25V NO POP NO POP 0.01 uF 0.01 uF 0.01 uF
€94, C111, C159, C178 NO POP NO POP 0.01 uF 0.01 uF NO POP
C57, C103, C126, C170 NO POP NO POP 0.01 uF NO POP NO POP
R53, R54, R130, R180 SMT 0603 47 kQ 47 kQ NO POP NO POP NO POP
R61, R112, R150, R243 (Note 2) 47 kQ NO POP NO POP NO POP NO POP
R52, R48, R129, R179 470 Q 470 Q NO POP NO POP NO POP
R60, R111, R149, R242 470 Q NO POP NO POP NO POP NO POP
R13, R46, R127, R177 NO POP NO POP 5.76 kQ 5.76 kQ 5.76 kQ
R44, R47, R128, R178 NO POP NO POP 5.76 kQ 5.76 kQ 5.76 kQ
R58, R109, R147, R240 NO POP NO POP 5.76 kQ NO POP NO POP
R59, R110, R148, R241 NO POP NO POP 5.76 kQ 0Q 0Q
R17, R45, R126, R176 NO POP NO POP 2.8 kQ 2.8 kQ 2.8 kQ
R57, R108, R146, R186 NO POP NO POP 2.8 kQ 0Q 0Q
R94, R115, R153, R246 NO POP NO POP 100 kQ 100 kQ NO POP
R95, R116, R154, R247 NO POP NO POP 100 kQ 100 kQ NO POP
R55, R96, R144, R184 NO POP NO POP 100 kQ NO POP NO POP
R56, R97, R145, R185 NO POP NO POP 100 kQ 0Q 0Q
R98, R113, R151, R244 NO POP NO POP 47 kQ 47 kQ 47 kQ
R100, R114, R152, R245 NO POP NO POP 47 kQ NO POP NO POP
R51, R93, R143, R183 NO POP NO POP NO POP NO POP 5.76 kQ
R49, R62, R131, R181 NO POP NO POP NO POP NO POP 2.8kQ
R50, R92, R132, R182 NO POP NO POP NO POP NO POP 5.76 kQ
U9, U12, U13, U14 NE5532D, SOP-8 | NO POP NO POP | POPULATE | POPULATE | POPULATE
*Default factory setting
Table 2. Analog Output Filter Components
Notes:
2. Nonzero resistors are specified as 1/10 W with 1% tolerance.
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6 SYSTEM CONNECTIONS AND JUMPER PIN BLOCKS

6.1

System Connections

Connector Ref. Designator Direction Description
+5V EXT J15 Input +5.0-V regulated power supply.
GND J16 Input System ground.
-12vV J18 Input -12.0-V regulated power supply.
+12 'V J17 Input +12.0-V regulated power supply.
USB J7 Input/Output USB connection to PC for 12C control. See Note 3.
S/PDIF IN (Optical) J3 Input Digital audio input to CS8416.
S/PDIF IN (Coaxial) J4
S/PDIF OUT (Optical) J6 Output Digital audio output from CS8406.
S/PDIF OUT (Coaxial) J5
Cc2 J8 Input/Output 1/O for programming the microcontroller (U16).
Ext Control Connection Jl Input/Output Header for external access to CS4244 control port.
See Note 4.
Ext Control Connection J2 Input/Output Header for external access to CS4244 serial audio sig-
nals. See Note 4.
AIN1 DIFF (Jack) J25 Input 1/8” stereo audio jacks for differential analog audio
AIN2 DIFF (Jack) J9 inputs. See Note 5.
AIN3 DIFF (Jack) J12
AIN4 DIFF (Jack) J28
AIN1 DIFF (Header) J27 Input Three-pin headers for differential analog audio inputs.
AIN2 DIFF (Header) J11 See Note 6.
AIN3 DIFF (Header) Ji4
AIN4 DIFF (Header) J30
AIN1 J26 Input RCA phono jacks for single-ended analog audio inputs.
AIN2 J10
AIN3 J13
AIN4 J29
AOUT1 DIFF (Jack) J19 Output 1/8” stereo audio jacks for differential analog audio out-
AOUT2 DIFF (Jack) J22 puts. See Note 7.
AOUT3 DIFF (Jack) J31
AOUT4 DIFF (Jack) J34
AOUT1 DIFF (Header) J21 Output Three-pin headers for differential analog audio outputs.
AOUT2 DIFF (Header) J24 See Note 7 and Note 8.
AOUT3 DIFF (Header) J33
AOUT4 DIFF (Header) J36
AOUT1 J20 Output RCA phono jacks for single-ended analog audio out-
AOUT2 J23 puts. See Note 7 and Note 9.
AOUT3 J32
AOUT4 J35

Notes:

Table 3. System Connections

3. Connecting to the PC through a USB hub is not recommended.

4. See Section 1.8 on page 5 for more information on configuring these headers.

5. These connectors are part of the optional passive differential input filter network and are not used by
default. Refer to Section 4.2 on page 15 for more information.

6. When using the default active single-ended-to-differential analog input filter, only the pins labelled “+”
(signal) and “G” (ground) are used. When using the optional passive differential filter, all three pins
are used. This connectivity is shown in Figure 13 on page 26 and Figure 14 on page 27.
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7. Silk-screen labels are placed near these connectors to indicate the phase reversal between the active
(“A”) and passive (“P”) configurations. See Section 5.1 on page 17 for more information.

8. When using an optional single-ended output filter, the single pin labelled “+” and “-" under the “A” and
“P” columns respectively is ignored. This connectivity is shown in Figure 15 on page 28 and Figure
16 on page 29.

9. These connectors are intended for use with one of the optional single-ended output filters and are not
used by default. Refer to Section 5 on page 17 for more information.

6.2 Jumper Pin Blocks

Label Ref. Designator Purpose Position Function Selected
+5V Select J62 Selects +5-V voltage source. POST* Voltage source is +5 V EXT binding post.
USB Voltage source is USB.

VA Select J61 Selects VA voltage source. +5V VAis +5 V.
See Note 10. +3.3V* VAis +3.3 V.

VA Current J63 VA supply current measure- Open 1-Q resistor placed in series in supply path.
ment. Closed* 1-Q resistor is shorted. See Note 11.

VL Current J64 VL supply current measure- Open 1-Q resistor placed in series in supply path.
ment. Closed* 1-Q resistor is shorted. See Note 11.

*Default factory setting

Table 4. Jumper Pin Blocks

Notes:
10. See the CS4244 data sheet for performance differences between VA supply levels.

11. J63 and J64 must be closed during normal operation.

6.3 Test Points

The CDB4244 contains several convenient test points for analyzing signals to and from the CS4244. A
looped test point is available for each digital signal of the device’s control port and audio serial port, adjacent
to the respective external connection headers (J1 and J2, described in Table 3 on page 20). These test
points are connected directly to the appropriate CS4244 pins and can be used both with external control
(through the use of J1 and J2), or normal operation (J1 and J2 configured as described in Section 1.8 on
page 5).

Test points are available for analog signals as well. The three-pin headers described in Table 3 on page 20
serve as breakouts to allow access to the raw analog input signals, or filtered analog output signals. Fur-
thermore, two-pin headers (J41-J48) are available to observe the analog input and output pins of the
CS4244.

Note: Headers J41-J48 should not be shunted. They are test points that have been designed using head-
ers to simplify layout.
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7 CDB4244 BLOCK DIAGRAM

Figure 11 on page 24

Osc.

Figure 11 on page 24

Crystal

Figure 12 on page 25

Figure 10 on page 23

USB Control
Port

Control
Header

4

S/PDIF Input
(CS8416)

Clock Synthesis
(CS2000)

Figure 10 on page 23

4

Figure 11 on page 24

Figure 11 on page 24

S/PDIF Output
(CS8406)

Figure 11 on page 24

CS4244

Analog Inputs

- Active Single Ended to
Differential

- Passive Differential

Figure 13 on page 26
Figure 14 on page 27

DSP Header

Figure 10 on page 23

Figure 9. CDB4244 Block Diagram

Analog Outputs

- Passive Single Ended
& Differential

- Active Single Ended &
Differential

- Active Differential to
Single Ended

Figure 15 on page 28
Figure 16 on page 29
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NOTES: UNLESS OTHERWISE SPECIFIED:
1. ALL RESISTOR VALUES ARE IN OHMS.

Figure 10. CS4244 (Schematic Sheet 1)
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Figure 11. S/PDIF I/O (Schematic Sheet 2)
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Figure 12. USB I/O (Schematic Sheet 3)
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Figure 13. Analog Input Channels 1 & 2 (Schematic Sheet 4)
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Figure 14. Analog Input Channels 3 & 4 (Schematic Sheet 5)
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Figure 15. Analog Output Channels 1 & 2 (Schematic Sheet 6)
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Figure 16. Analog Output Channels 3 & 4 (Schematic Sheet 7)
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Figure 19. Top Side (Layer 1)
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Figure 20. Ground Plane (Layer 2)
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10 REVISION HISTORY

Revision Changes
DB1 — Initial Release
DB2 — Updated “Features” on page 1 to remove list of optional single-ended input filters.

— Added description of interrupt pull-up behavior in Section 1.8 on page 5.

— Removed single-ended input filter descriptions from Section 1.9 on page 6.

— Updated Section 1.10 on page 6.

— Updated Section 2 to reflect latest FlexGUI software version.

— Updated Figure 5 on page 13.

— Updated Section 3.1 on page 13.

— Updated Section 3.2 on page 14.

— Removed single-ended filter descriptions from Section 4.

— Added Section 4.1 and Section 4.2 on page 15.

— Removed single-ended input filter configurations from Table 1 on page 16.

— Updated capacitor voltage ratings in Table 1 on page 16 and Table 2 on page 19.
— Updated Figure 8 on page 17.

— Updated Section 5.1 on page 17.

— Changed label of connector J8 in Table 3 on page 20 and Figure 12 on page 25.
— Added Note 5, Note 6, Note 8, and Note 9 under Table 3 on page 20.

— Changed default position of jumper J61 in Table 4 on page 21.

— Updated Figure 9 on page 22.

— Added R25 to Figure 11 on page 24.

— Updated Section 9 to reflect latest PCB layout.

Contacting Cirrus Logic Support
For all product questions and inquiries, contact a Cirrus Logic Sales Representative.
To find the one nearest you, go to www.cirrus.com.

IMPORTANT NOTICE

Cirrus Logic, Inc. and its subsidiaries ("Cirrus") believe that the information contained in this document is accurate and reliable. However, the information is subject
to change without notice and is provided "AS 1S" without warranty of any kind (express or implied). Customers are advised to obtain the latest version of relevant
information to verify, before placing orders, that information being relied on is current and complete. All products are sold subject to the terms and conditions of sale
supplied at the time of order acknowledgment, including those pertaining to warranty, indemnification, and limitation of liability. No responsibility is assumed by Cirrus
for the use of this information, including use of this information as the basis for manufacture or sale of any items, or for infringement of patents or other rights of third
parties. This document is the property of Cirrus and by furnishing this information, Cirrus grants no license, express or implied under any patents, mask work rights,
copyrights, trademarks, trade secrets or other intellectual property rights. Cirrus owns the copyrights associated with the information contained herein and gives con-
sent for copies to be made of the information only for use within your organization with respect to Cirrus integrated circuits or other products of Cirrus. This consent
does not extend to other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROP-
ERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS"). CIRRUS PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED FOR USE
IN AIRCRAFT SYSTEMS, MILITARY APPLICATIONS, PRODUCTS SURGICALLY IMPLANTED INTO THE BODY, AUTOMOTIVE SAFETY OR SECURITY DE-
VICES, LIFE SUPPORT PRODUCTS OR OTHER CRITICAL APPLICATIONS. INCLUSION OF CIRRUS PRODUCTS IN SUCH APPLICATIONS IS UNDER-
STOOD TO BE FULLY AT THE CUSTOMER'S RISK AND CIRRUS DISCLAIMS AND MAKES NO WARRANTY, EXPRESS, STATUTORY OR IMPLIED,
INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE, WITH REGARD TO ANY CIRRUS PRODUCT
THAT ISUSED IN SUCH AMANNER. IF THE CUSTOMER OR CUSTOMER'S CUSTOMER USES OR PERMITS THE USE OF CIRRUS PRODUCTS IN CRITICAL
APPLICATIONS, CUSTOMER AGREES, BY SUCH USE, TO FULLY INDEMNIFY CIRRUS, ITS OFFICERS, DIRECTORS, EMPLOYEES, DISTRIBUTORS AND
OTHER AGENTS FROM ANY AND ALL LIABILITY, INCLUDING ATTORNEYS' FEES AND COSTS, THAT MAY RESULT FROM OR ARISE IN CONNECTION
WITH THESE USES.

Cirrus Logic, Cirrus, and the Cirrus Logic logo designs are trademarks of Cirrus Logic, Inc. All other brand and product names in this document may be trademarks
or service marks of their respective owners.

12C is a trademark of Philips Semiconductor.
Windows is a registered trademark of Microsoft Corporation.
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