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Complete Amplifier Evaluation System
¢ TXS25-4: 4-Channel Digital Amplifier
¢ Single Power Supply (+25V) Operation

« Internally Generated Negative Rail High-voltage Supply
(-25V)

« Internally Generated and Regulated Low-voltage Supplies
(+5V/+3.3V/1.8V)

¢ D2Audio Canvas II™ Installation CD-ROM (includes USB
Driver and D2Audio Canvas Il User’s Guide)

« Detachable Digital/Analog Audio/Control 1/0 and Power
Assembly Boards

« “SCAMP llI” Header Pins on Digital/Analog Audio/Control
I/O Board Enables In-system Firmware Upgradeability

¢ Optical (TOSLINK) and Coax Digital S/PDIF Inputs that
Accept an IEC60958 Compliant Interconnect Carrying
Linear PCM with an Fs of 32kHz~192kHz

« Optical (TOSLINK) Digital S/PDIF Output

¢ 4 Channels of Analog Audio Inputs Using
High-Performance 4-Channel Analog-to-Digital Converter
(ADC)

« 2 12S/Left-Justified Digital Audio Input Headers
« 2 12S/Left-Justified Digital Audio Output Headers

* Rotary Knob Connected to GPIO Lines Enables Simple
Master Volume Control for Channels 1 and 2

¢ Subwoofer Analog Audio Output (Passive Filtered PWM
Line Level Output)

« High-Quality Speaker Banana-Jack Connectors

D2Audio Canvas II™GUI Simplifies System Design

« Intuitive, “Point-and-click” Audio-Centric User Interface
Simplifies Evaluation of All Audio Processing
Configurations

« Configuration for Stereo, Dual Zone, Stereo Bi-Amp or
Powered 2.1 Systems Takes Less than a Minute

User’s Guide: TXS25-4 Evaluation Kit

February 25, 2009 AN1435.0

Selectable DSP Processing Functions
< Input Selection (Analog, S/PDIF, IZS/Left-Justified)

« 4 Independent Channels of Audio Processing
- Tone Control
- Matrix Mixing
- Programmable Crossover with Butterworth,
Linkwitz/Riley, Bessel Filter Types
- 5-Band and 3-Band Parametric EQ
- Master Volume Control
- Loudness Contour
- Individual Channel Time Delay
- Per Channel Dynamic Range Compression/Limiting
- Independent Channel Level Controls - Enables

Independent Level Control for Amplified Channels 1, 2,
3 and 4 Outputs as well as Digital Audio Outputs

D2Audio SoundSuite™ Immersive Processing
* Mono2Stereo™

¢ WideSound™
e DeepBass™
¢ AudioAlign™

The TXS25-4 Evaluation Kit is a complete amplifier
evaluation system for the TXS25-4 digital amplifier module.
Audio system designers can quickly evaluate all of the
features and functions of the TXS25-4 design with this
system.

This system offers the ultimate in configurations,
digital/analog I/O and power supply connection. It offers
headers for all digital audio inputs and outputs so that the
system designer can quickly and easily “wire-wrap” into the
board. This enables any 12S/Left-Justified digital audio
source to be delivered from any digital audio source such as
an HDMI™ receiver or a Media Networking Processor and
input into the TXS25-4 amplifier with minimum effort. A
header is also offered for the control communication bus
(2-wire interface), which enables fast connection of a system
microcontroller for rapid prototyping.

The D2Audio Canvas GUI software simplifies system design
with an intuitive, audio-centric user interface with
“point-and-click” options on a Windows™ PC. Organized
processing blocks are included for audio input selection,
Tone Control, Crossovers, Parametric Equalizers, Adjustable
Time Delay, Signal Limiter/Compressor, Volume Control,
Loudness Contour, and Independent Level Control.

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
1-888-INTERSIL or 1-888-468-3774 | Intersil (and design) is a registered trademark of Intersil Americas Inc.

Copyright Intersil Americas Inc. 2009. All Rights Reserved
All other trademarks mentioned are the property of their respective owners.
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TXS25-4 Evaluation Kit

Complete Evaluation Platform for TXS25-4
4 Channels of Amplified Speaker Outputs
4 Channels of Analog Inputs

4 Channels of Digital Audio Inputs
(1 S/PDIF and 2 x 12S/Left-Justified Inputs)

4 Channels of Digital Audio Inputs (1 S/PDIF and
2 x 12S/Left-Justified Outputs)

All necessary voltages are generated from single +25V
power source reducing cost and complexity of the system
power supply

Internally Regulated Low-voltage supplies
(+5V/+3.3V/1.8V)

Master Volume Knob (Channels 1 and 2)

2 | intersil
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Getting Started

B2AUBD o -

WARNING

This symbol is used to warn operators that uninsulated “dangerous voltages”
are present within this equipment that may impose risk of electrical shock

FIGURE 1. TSX25-4 AMPLIFIER BOARDS

Overview

The TXS25-4 Amplifier evaluation kit consists of 3 boards.
These boards, shown in Figure 1, consist of the main
amplifier board, an input board, and an output board. Each
of these 3 boards are shown in detail in Figures 2, 3, and 4.
Ribbon cables (supplied) interconnect the 3 boards.

The system can be configured either through software (refer
also to D2Audio Canvas Il Software Configuration
Documentation found on the D2Audio Canvas Il Software
CD) or configured by hardware settings (see “Input Source
Options” on page 17).

Platform Configurations

The TXS25-4 Amplifier kit may be configured as a stereo
amplifier with a single or multiple inputs, and is also capable
of providing a summed and low-pass filtered output which
can then be sent to an external powered subwoofer. The
flexible signal processing flow and extensive digital audio
inputs and outputs of the TXS25-4 also allows for processed
output to be connected (as on this evaluation platform) to an
external DAC to enable post-processed Line-Level Outputs
or Headphone Outputs.

3 intersil
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FIGURE 2. DIGITAL/ANALOG AUDIO/CONTROL I/0 BOARD - TOP VIEW
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FIGURE 3. TXS25-4 AMPLIFIER BOARD - TOP VIEW
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FIGURE 4. AMPLIFIER OUTPUT BOARD - TOP VIEW
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Connection Diagram
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FIGURE 5. TXS25-4 AMPLIFIER PLATFORM CONNECTION AND JUMPER DIAGRAM
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Required Power Source

The TXS25-4 Amplifier requires external operating power of
a single DC power supply of 12V (minimum) up to 25V
(maximum), with a minimum current sourcing capability of
5A. Maximum amplifier output power requires 25V, and
maximum output power will be reduced as the DC supply
voltage is also reduced. A well-filtered and regulated power
supply is recommended. Supply voltage filtering, as well as
input surge current limiting is provided on the amplifier
output board where the power supply is connected. However
amplifier noise performance may be impaired from power
sources with excessive output ripple.

Quick Start
1. Setup in an ESD-approved work area.

2. Power supply must be OFF and power cord disconnected
from AC outlet.

3. Observing correct polarity, connect DC output from a 25V,
5A power supply to connector J28 of the amplifier output
board (Refer to “ Required Power Source” for J28
location and polarity.)

4. Ensure the supplied interconnect ribbon cables are
connected between J4 of the Input Board and J2 of the
TXS25-4 Amplifier board, and also between J3 of the
TXS25-4 Amplifier Board and J27 of the Amplifier Output
Board.

5. Select input source

- Analog Audio Input . ............ ... ... Figure 8
- Optical SIPDIF .. ... i Figure 9
- CoaxS/PDIF. ... Figure 10

6. Connect Speakers
- Output Device Connection (Stereo) ........ Figure 12
- Output Device Connection (Channel System) Figure 13
7. Turn system on by switching on the DC power supply.

8. Play audio source. Adjust master volume for Channels 1
and 2 using the master volume knob.

Speaker Channel Pair Matching and Drive
Requirements

Each of the TXS25-4 output channels are half-bridge, thus a
load of equal size and content MUST be placed on
corresponding channel pairs (e.g. Channel 1 and 2,
Channel 3 and 4). This means that TXS25-4 is not meant to
drive a 16Q speaker on Channel 1 with an 8Q speaker on
Channel 2. This also means that if Channel 1 is high-pass
filtered and connected to a tweeter, then Channel 2 must
also be high-pass filtered and connected to a tweeter.

Speaker Output Phase Relationship Requirements

All TXS25-4 outputs are ground referenced. Channels 2 and
4 are driven intentionally out of phase with Channels 1 and
3. The audio heard on all 4-Channels will actually be
in-phase, as Channels 2 and 4 are inverted inside the
D2-814xx firmware. Please refer to Figure 5 for connection
diagram. Speaker loads should also be connected or
disconnected only when the power to the evaluation kit is
turned off.

The user need only follow the standard connection method
of RED terminal to the + lead and the BLACK terminal to the
- lead of the speaker, as all of these inversions are already
compensated within both the firmware and in the PCB trace
connections.

8 intersil

AN1435.0
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Required Speaker

TXS25-4 Amplifier Module Connections
Speaker Out 1+: J3/1 % +
Channel 1
Speaker Out 2-: J3/4 w -
f + Channel 2
k +: % +
Speaker Out 3+: J3/9 4>—|> % Channel 3
Speaker Out 4-: J3/12 w -
+ Channel 4

Note: Channels 2, 4 are 180 degrees out of phase vs. Channels 1, 3.
The above speaker connections are necessary to have all channels in phase.

FIGURE 6. REQUIRED LOUDSPEAKER CONNECTIONS

9 intersil AN1435.0
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Analog
Inputs
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OPTICAL S/PDIF INPUT
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Input Source Options

The TXS25-4 amplifier design contains 4 audio input
channels. Several audio input source connections are
available on the evaluation kit for these inputs.

TABLE 1. EVALUATION KIT SOURCE OPTIONS

INPUT
CHANNEL

AVAILABLE DIGITAL
SOURCE
CONNECTIONS ON
EVALUATION KIT

AVAILABLEANALOG
SOURCE
CONNECTIONS ON
EVALUATION KIT

Channels 1 thru 4

Coax S/PDIF receiver
Optical S/PDIF
receiver
12S/Left-Justified input

Direct connection to 4
Channel ADC, which is
connected to the
12S/Left-Justified

headers

Selecting an Audio Input Type (S/PDIF, I2S/LJ or
Analog)

The default (which includes after a reset or power cycle)
settings for the TXS25-4 firmware select the S/PDIF input.
The selection of the audio input can only be changed using
the Input Select Window inside the D2Audio Canvas Il user
interface GUI.

Selecting Between 12S/Left-Justified Header Input
and Analog Input

In order to use the Analog Inputs, the user must select the
“12g input. Additionally they must make sure that J18 is
jumpered. By jumpering both the top and bottom J18
jumpers, both 12S streams from the 4 Channel ADC are sent
to both the SAIO input (labeled 12S0 on the board) and the
SAI1 input (labeled 12S1 on the board). In order to use the
12S/Left-Justified input headers for both SAIO and SAI1
input, the user must select the same “I2S” input in the
D2Audio Canvas Il menu in addition to making sure that J18
is NOT jumpered. Figure 14 shows how the board needs to
be configured to route both 12S streams from the 4-Channel
ADC to both the SAIO input (labeled 12S0 on the board) and
the SAIL input (labeled 12S1 on the board). If the user wants
to send IS or Left-Justified data into the SAIO or SAI1 input
ports, they are free to “wire-wrap” into the input headers
located at J5 and J8. If they choose to do this, they must
remove both jumpers from J18.

J18
[@mB]EN ADC TO 1250
|EW|EN ADC TO 1251

FIGURE 14. ROUTING I12S DATA FROM THE 4-CHANNEL ADC
TO THE SAIO AND SAIL1 INPUTS

Selecting Between Coaxial and Optical S/PDIF
Input

J19 can be jumpered between Coax and Opt during
operation with out a need for a board reset in order to select
Coaxial or Optical S/PDIF input. Figure 15 shows how to

select the Optical S/PDIF input. The user must still select the

S/PDIF input mode.
O|COAX
g OPT

J19

FIGURE 15. SELECTING BETWEEN COAXIAL AND OPTICAL
S/PDIF INPUT

When the S/PDIF input mode is selected (SPDIFRX), the
COAX/OPT jumper (J19) determines which S/PDIF interface
will be used.

TABLE 2. J13 - S/PDIF INPUT SELECTION OPTIONS

S/PDIF INPUT
SELECTION COAX OPT

COAX/OPT |When S/PDIF input When S/PDIF input
mode is enabled the mode is enabled the
Coax S/PDIF connector |Optical S/PDIF

is selected connector is selected

NOTE: These jumpers are not only read at power-up and after a
reset to the amplifier design, but also during run time. Changes to the
jumpers at any time will cause the settings to have an immediate
effect and do not require a reset of the amplifier design to take effect.

Default Configuration

Table 3 highlights the SPDIF 1/O board jumper configuration
for the default factory setting for the TXS25-4 evaluation
platform. NOTE: The jumpers are stored on the ground pins
for this configuration. If N/A is listed in the Default Jumper
Setting column then a jumper is not provided nor should the
associated header ever be shorted.

17 | _intersil
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TABLE 3. DEFAULT DIGITAL/ANALOG AUDIO/CONTROL I/0 BOARD FACTORY JUMPER SELECTION

DEFAULT JUMPER ADDITIONAL
JUMPER NUMBER DESCRIPTION SETTING INFORMATION
MCI Header N/A 2-Wire Communication Header
J7 12S/Left-Justified Qutput N/A Serial Audio Output 0, Serial Audio Output 1, associated LRCLKT,
Header SCLKT, MCLKT. Connected to on board DAC
J5 12S/Left-Justified Input Header N/A Serial Audio Input 0 (SAIO)
J8 12S/Left-Justified Input Header N/A Serial Audio Input 1 (SAI1)
J6 Control Header N/A Refer to TXS25-4 Data Sheet for more information.
J19 SPDIF Input Select Header Jumper pins 1 to 2 |S/PDIF (SPDIFRX) Coax Input selected
> > > > g
z g & £ o

Digital/Analog Audio/Control 1/0O Board

NI
Xv0O
diad/s

MASTER
00O OO0 VOLUME
00O ele]e)

NI
1do
d1ad/s

000000 00000
B O0ooood 00000
%%é m g

=

OO MEOEEeO®e| HEHEHA
‘ 0000 @@ OBEOOOEOE®O

FIGURE 16. MASTER VOLUME CONTROL KNOB

Master Volume Control

Each time the board is reset or powered up, the master
volume will revert back to the default setting as stored in the
EEPROM within the amplifier design. These settings can be
saved to different levels by using D2Audio Canvas Il
software with the “Save Settings to EEPROM” command.
When shipped from the factory, these value are -20dB. While
the board is powered up, the master volume for only
Channels 1 and 2 may be adjusted by turning the Master
Volume Control knob located on the input board. Adjusting
the Master Volume knob will adjust the Master Volume slider
inside the D2Audio Canvas Il GUI, provided that polling has
been enabled within the D2Audio Canvas Il program.

18 intersil AN1435.0
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Optional 12S/Left-Justified Connection

The TXS25-4 evaluation board may be connected to
external 12S (or Left-Justified) audio sources. Three pins on
jumpers J8 and J5 are available for 12s (or Left-Justified)
connections (see Tables 4 and 5). The user must remove
both jumpers on J18 in order to avoid clock and data
contention from that being sent by the 4 channel ADC. The
interface is a 3.3V signaling level with the 12S data format
selected. Sample rates from 32kHz up to 192kHz are
accepted. In addition, the TXS25-4 evaluation board is
capable of driving up to 4-Channels of post-processed 24-bit

TABLE 6. J7 - I12S/LEFT-JUSTIFIED (SAOO0, SAO1) OUTPUT

HEADER PINS
FUNCTION
SELECTION FUNCTION
SDOUT1 12S Channel 1 - Serial Audio Data Output
SDOUTO 12S Channel 0 - Serial Audio Data Output
LRCKT 12S Serial Audio Data Left/Right Frame Clock
Output
SCLKT 12S Serial Audio Data Clock Output
MCLKT 12S Master Clock Output

PCM data on jumper J7 (see Table 6). MCLKT = 256Fs.
SCLKT = 64Fs. LRCKT = Fs. Fs for data on SDOUTO and

SDOUTL1 is fixed

INIaS [ OO

oY1 | OO
IM10s (OO

at 48kHz regardless of audio input Fs.

J8 J5

oNIas | OO
oMod1| OO
ox10s LOO

J7

oy | OO0
»10s | OO0
i1ow OO

LLnoas | OO
oLnoas | OO

FIGURE 17. OPTIONAL I2S/LEFT-JUSTIFIED CONNECTIONS

TABLE 4. J5 - 12S/LEFT-JUSTIFIED (SAIO0) INPUT HEADER PINS

FUNCTION
SIGNAL (IZS CHANNEL 0)
LRCLKO 3.3V Serial Audio Data Left/Right Frame
Clock
SCLKO 3.3V Serial Audio Data Shift Clock
SDINO 3.3V Serial Audio Data

TABLE 5. J8 - I2S/LEFT-JUSTIFIED (SAI1) INPUT HEADER PINS

FUNCTION
SIGNAL (IZS CHANNEL 1)
LRCLK1 3.3V Serial Audio Data Left/Right Frame
Clock
SCLK1 3.3V Serial Audio Data Shift Clock
SDIN1 3.3V Serial Audio Data

Advanced Configuration with D2Audio
Canvas Il Software

All amplifier settings can be changed through the 2-wire
control interface within the amplifier design. The D2Audio
Canvas Il software supplied with the evaluation kit provides
a graphical interface and USB connection to a PC to adjust
these settings on the evaluation kit. See the “D2Audio
Canvas Il Users Guide” for further details.

Hardware vs Software Configuration

The D2Audio Canvas Il software can be used to configure
the TXS25-4 to select between 12S/Left-Justified inputs
SAIO, which is connected to an ADC on this evaluation kit vs
12S/Left-Justified SAI1 which is available for designers to
wire-wrap in an external digital audio device to the amplifier
design. SAI0 and SPDIFRX can be accepted by the amplifier
design simultaneously. The user is responsible for
configuring the routing/mixing/processing of these two audio
inputs using the D2Audio Canvas Il GUI. With only 2
channels of audio physically connected to the board, this
audio can be sent to all output channels using the Matrix
Mixer and Routers, accessible through the D2Audio Canvas
Il software.

All settings, including master volume, are stored in an
EEPROM within the amplifier design and are loaded upon
reset or power-up. After power-up, the D2Audio Canvas Il
software can be used to change these settings and can
update the EEPROM with a new set of defaults if desired.
The only exception to this is the input selection settings
which will always default back to the settings defined by the
firmware.

Note the following:

Once the D2Audio Canvas |l software is running, the Master
Volume Control knob may still be used, however the Master
Volume Control knob should not be adjusted when any
D2Audio Canvas Il hardware communication is taking place
such as:
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« Changing any D2Audio Canvas Il controls including
sliders, text fields, buttons, etc.

« Initial all-data transmit or receive performed during launch
of D2Audio Canvas Il and the associated “Connect to
Module” process

¢ An all-data transmit or receive as triggered by the D2Audio
Canvas Il menu File->Transmit or File->Receive
selections

* The D2Audio Canvas Il menu Tools->Save Settings to
EEPROM or Tools->Module Firmware Status selections

Alternatively, the designer can use the D2Audio Canvas |l
software to adjust the master volume, but just not at the

same time as when the Master Volume Control knob is used.

Testing Methodology

The following sections detail the testing methodology for
obtaining optimal test results using an Audio Precision
System Two.

AES17 Filter Requirement

The test and measurement of a class-D audio amplifier
requires additional considerations beyond that of a class-AB
or class-A linear design. All Intersil amplifier products use
noise-shaping techniques which provide extremely good
noise and distortion performance within the audio band

(20Hz to 20kHz) in exchange for increased out-of-band
noise (>20kHz). Each amplifier design contains a low-pass
audio output filter, which attenuates this out-of-band noise
present in the amplified signal.

Despite the presence of this filter, a small amount of
out-of-band noise is still present in the amplifier output.
When a standard 8Q speaker is connected to the amplifier,
this out-of-band noise has no effect on performance.
However, the high-frequency nature of the out-of-band noise
can exceed the maximum slew rate of the Audio Precision
analog inputs, which can create erroneous measurements.
In order to properly interface the Audio Precision test
equipment to a class-D audio amplifier, the AES17 filter
option must be installed and enabled. The response of the
AES17 20kHz filter is shown in Figure 18.

It is important to note that the AES17 filter does not artificially
improve the test results of a class-D amplifier to make them
appear similar to those of a traditional class-AB or class-A
amplifier. The filter is only present to reduce the high slew
rate content of the amplifier output so that the Audio
Precision may perform a proper test.

1.For further information, see the white paper
Measuring Switch-mode Power Amplifiers, by Bruce Hofer, Audio
Precision, 2003, available at www.audioprecision.com.

+0.4 [ =30
+0.3f Jqp -353 \ Ap
w2 ol \
b
0; — — -503
-0_12 -553
-o_zf -603
_0_3: -65: /-\ 4"'—"'"‘--.____
o4 ELLLLLCL LN DO O 20 FLLL] IIA II\H I/m L] \Il\m
24k k 3

0 2k 4k Bk 8k 10k 12k 14k 16k

18k 20k 22k

|
20k 28 2k 36k 40k 44k 48k

FIGURE 18. AES17 FILTER PASSBAND AND STOPBAND RESPONSE, WITH 20kHZ SETTING

20 | intersil

AN1435.0
February 25, 2009


www.audioprecision.com
www.audioprecision.com

Application Note 1435

REE
I DC Channel A Channel B] DC

{100t r|[<LR-Bal =] [100t=][<LA-Bal <]

- Lewel - |ReisisRaleliNs =4y

-- Freq -

Phaze:
- & & FunctionReading ¢ B =

[THD+NFatie | [ I

¥ Auto Fange

Det|tuto  »|[RMS = | BP/BR Fli Freq
Bw| < 10Hz 7|20 kHz &€ 7| |Sweep Track x|
: 27 kHz =
Fl 30 kHz I
References a0 kHz 0000 kHz
> B kHz I
dBr A 7000 Bebiq e e 000 Ohms
: 20 kHz SPCL
9B Bi|0.000 150 kHz aEST7

40 kH=z SPCL
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SELECTION

AUX-0025 Filter

In addition to the AES17 filter, Audio Precision has an
AUX-0025 filter product for measuring class-D amplifiers that
either have no output filter, or an output filter with a limited
rolloff. However, the AUX-0025 filter is NOT necessary when
testing Intersil products, as all Intersil amplifier designs
contain an output filter with steep low-pass rolloff.

Testing Setup

For proper amplifier characterization, the following
conditions should be met:

* Measurements should be taken with only one amplifier
channel driven.

« An 8Q resistive load should be used on the output of the
channel under test, with the Audio Precision input
connected in parallel and set for high impedance (100kQ).
Tests should not be run on a channel without an 8Q load
connected.

The software settings in the amplifier design should be set
for “flat” response with 0dB of gain. Verify each of the
following settings before proceeding with a test: (Refer to the
D2Audio Canvas Il operation manual for setting “flat
response”).

« The master volume of the amplifier must be set to 0dB.

e Each individual channel volume of the amplifier must be
set to -6dB.

« All Equalizers, Tone Controls, Compression and
Adjustable Time Delay should set to flat (0dB) or disabled.

Either analog or digital inputs may be used for testing.
However, it is recommended that digital input sources (either
12S, Left-Justified or S/PDIF) be used for testing, as this will
result in the most accurate measurement.

TXS25-4 EVALUATION BOARD OUTPUT POWER NOTES

The TXS25-4 is a reference and evaluation board, and
therefore does not include heatsinking capability for
extended high power use. Its heatsinking, simply through the
copper pads on the pc board, was designed for a maximum
of 1/8th continuous power on all channels in an open-air
ambient of +25°C. Do not run high power sine waves
continuously unless you have added additional heatsinking
to the TXS25-4, as without additional heatsinking capability
for output devices, generate excessive heat will be
generated.

TESTING WITH DIGITAL INPUTS (RECOMMENDED
SETUP)

All Intersil amplifier designs are digital by nature, and
therefore will perform best when used with a digital input
source. For proper test results, 24-bits of resolution or more
are required. For this reason, a CD player cannot be used as
a digital source, as it only provides 16-bit resolution.

When using the digital outputs of the Audio Precision, the
following settings should be made:

e The TXS25-4 amplifier must be configured for the
appropriate digital input (see “Input Source Options” on
page 17)

« Data resolution should be 24 bits in the AP Digital
Generator

¢ Pre-emphasis should be off in the AP Digital Generator
» Volts/FS reference should be set to 1V

Either S/PDIF or I12S/Left-Justified interfaces can be used.
Specific settings for each interface are provided in the
following:

S/PDIF Source Setup

In addition to the general digital configuration above, the
following settings should be made in order to use the Audio
Precision S/PDIF output:

« Either the optical or BNC electrical output can be used
from the Audio Precision. Select the appropriate output in
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the Digital I/0 panel. Also select the appropriate position
for the S/PDIF Input Select Jumper on the TXS25-4 board.

« Set the sample rate to 48kHz in the Digital I/O panel
(though any values from 32kHz to 192kHz are
acceptable).

 Set the output voltage to 5Vp_p in the Digital I/O panel

I Digital I/0

Output h

Farmat; Im - I

Sample Fiate-DSFi:I#E.EIEIEIEI kHz vI
"v"u:ultage:IE.UUU Vpp

Rezolution: | 24 IBits vI
PreE mphasiz: | O TI
Seale Freq, by | Output B ate vI |

FIGURE 20. AUDIO PRECISION S/PDIF OUTPUT
CONFIGURATION

(dp]

12S Source Setup

The 12S/Left-Justified inputs on the TXS25-4 board can be
connected to the output of an Audio Precision PSIA:

« Select the “PSIA” output in the Digital 1/0O panel.

* Select 3.3V CMOS as the output logic level in the PSIA
Transmitter panel.

« Press the “I2S” button in the PSIA Transmitter panel to
format the data for 12S.

¢ Press the “Outputs ON” button in the PSIA Transmitter
panel to enable the PSIA output. Note that this button
must be on in addition to the “Outputs ON” button in the
Digital Generator panel in order for the PSIA output to
function.
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FIGURE 21. AUDIO PRECISION 12S OUTPUT CONFIGURATION

TESTING WITH ANALOG INPUTS

Analog-to-digital converters are present on the TXS25-4

amplifier design. These can provide a secondary input
source to the amplifier design. However, it is suggested
digital inputs be used for testing if at all possible, since
analog input performance will be slightly less than that
measured with the digital input.

that

When using the analog outputs of the Audio Precision, the
following settings should be made:

« The dBr Reference Voltage should be set to 2V in the
Analog Generator Panel if using the analog inputs of the
amplifier design.

« The dBr Reference Voltage should be set to 1V in the
Analog Generator Panel if using the external
high-performance ADCs.

« The Watts reference should be set to 8Q in the Analog
Generator Panel

¢ Z-Out should be set to 20Q in the Analog Generator
Panel.

« Configuration should be set for Unbal-Float in the Analog
Generator Panel. Unbal-GND may yield better results.

23 | _intersil

AN1435.0
February 25, 2009



Application Note 1435

[=
gicine INDrmaI vI
Frequency: |'| 00000 kHz vI v Fast

" High Ace.

[~ Auto On v Track &

[ Irwvert  [GHA] [OUTPUTSEERI] [CHB] [ jryvet

([+0.001 dBr =] - Amplitude - -
EQ Curve... I

I 7|/~ FostEd- | |

Configuration "Z-EI ut [Ohmg]l——

ILInI:uaI-Gnu:I vI fo 20 ¢ OO0

References
dBm: |E00.0  Ohms Freq; |1.00000 kHz

dBr [1.650 V  w| wats:[B.000 Ohms
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CONFIGURATION

Typical Basic Measurements

The following measurements in Table 7 can be made by
using the Analog Analyzer panels in the Audio Precision
software. The measurements in Table 8 were made using a
digital input source.

TABLE 7. TXS25-4 BASIC MEASUREMENTS, RATED
POWER, 8Q LOAD (-0.5DBFS INPUT)

TYPICAL

MEASUREMENT DESCRIPTION RESULT |UNITS
Output voltage on speaker terminals 31 VRMS
Total Harmonic Distortion + Noise Percentage <0.2 %
(THD+N) 20Hz to 20kHz
Signal to Noise+Distortion Ratio (Total Harmonic | >-105 dBr
Distortion + Noise Amplitude relative to full scale
output (31VRMS))
NOTE:

1. These results are preliminary, based on Rev 1 of the TXS25-4
Evaluation Kit.

TABLE 8. TXS25-4 BASIC MEASUREMENTS, 1W POWER, 8Q
LOAD (-21DBFS INPUT) @ 1kHz

TYPICAL
MEASUREMENT DESCRIPTION RESULT |UNITS
Output voltage on speaker terminals 2.8 VRMS
Total Harmonic Distortion + Noise Percentage <.05 %
(THD+N) 20Hz to 20kHz

NOTE:

2. These results are preliminary, based on Rev 1 of the TXS25-4
Evaluation Kit.

TXS25-4 Evaluation Platform Hardware

Power Supplies

The TXS25-4 amplifier design operates from a single +25V,
5A DC power supply. This external power supply connects to
header J28 of the amplifier output board, where DC power
filtering is also provided. All other operating voltages are
internally generated from this 25V source. The TXS25-4
amplifier board internally generates -25V for the FETSs. (This
is a half-bridge design.) The first switching stage takes the
+25V primary input supply voltage and generates the
required -25V, under the control of the D2-814xx IC. The
+25V is also sent to a DC/DC circuit which regulates down to
+5V; the second stage regulates +5V down to +3.3V and
+1.8V for the control input functions using parallel linear
regulators. The low voltage regulation provides proper power
sequencing in addition to low power dissipation (high
efficiency).

Remote Input Board

The TXS25-4 evaluation PCB allows the Digital/Analog
Audio/Control /0 Board and Amplifier Output sections of the
board to be separated from the TXS25-4 amplifier board.
The ribbon cables may be extended by replacing the
provided ribbon cables. This allows the Digital/Analog
Audio/Control I/0 Board section to be mounted remotely
from the TXS25-4 and output boards as well as allowing for
easier design-in for prototyping. Extension of the ribbon
cable may result in degradation of the digital audio input
signal (IZS/LJ (from headers or 4-Channel ADC) or S/PDIF)
signal integrity. Extension should be limited to six inches or
less.
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RIBBON CABLE RIBBON CABLE

DETACHED AMPLIFIER DETACHED TXS25-4 DETACHED DIGITAL/ANALOG AUDIO/
OUTPUT BOARD AMPLIFIER BOARD CONTROL I/0 BOARD

FIGURE 23. DIGITAL/ANALOG AUDIO/CONTROL I/0 BOARD, AMPLIFIER BOARD, AND OUTPUT BOARD

USB Interface

A USB interface is provided on the TXS25-4 evaluation
platform to provide communications between the TXS25-4
amplifier design and an external PC based system. The USB
interface provides a means of upgrading the amplifier design
system parameters, input sources, and DSP firmware. The
D2Audio Canvas Il utility provided with the TXS25-4
evaluation platform utilizes this interface. Refer to the
D2Audio Canvas Il Users Guide for USB driver installation
and instructions.
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Hardware Schematics

Block Diagram

OPTIONAL OPTIONAL

Breakaway Input Board

DSP, Input Header & V-Regs Output Power Stages Breakaway Output Board
PWM1H PWMIH PWM1H
PWM1L PWMIL PWM1L

nPWM_ERR1 €t nPWM _ERRT nPWM_ERR1
PWM2H PWM2H PWM2H
PWM2L PWM2L PWM2L
nPWM_ERRZ. nPWM_ERR2 nPWM_ERR2
PWM3H PWMSH PWM3H
PWM3L PWMSL PWM3L
nPWM_ERRS. nPWM_ERRS nPWM_ERRS3
PWM4H PWMA4H PWM4H
PWM4L PWMAL PWM4L
nPWM_ERR4. nPWM._ERR4 nPWM_ERR4
PUMPHI PUMPHI PUMPHI
PUMPLO PUMPLO PUMPLO
nPWM_ERR_PUMP 4 nPWM_ERR_PUMP nPWM_ERR_PUMP
SYNC_2670 SYNC 2670 SYNC_2670
+25V +25V +25V
-25V o -25V
+5V Saikl +5V
+3.3V aaisid +3.3V

This schematic contains sections for both the TXS 25-4
AMPLIFIER DESIGN and it’s evaluation components.

The design of the amplifier and evaluation kit includes a single PCB that can be broken into 3 pieces: Input,
Amplifier, Output & Power Supply Connections.

Schematic Page
1
Overview

2-5
Core Amplifier (some sections may be marked optional)

6-10
Optional for Eval Kit
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Hardware Schematics (continued)

Reference Schematic

W
s a
. e N N 3 I |
- - ! |
vz ris Jru Jws lrws Jjr o lrwe lre Jeo e lje les Lwes x 2 X Y !
G0k ik Erok Bic Fwok Fiok Fik Fiok Frok Fiok Fk Fik Fiok a3y
0603 70603 jos0s 003 o603 o0s03 0603 70603 70803 0603 0603 0603 o c2 cs [ |
B d o 9 P < ! !
4 E H 3| | P B g| 3| 2 | Bl 3 0.AuF 0.1uF] 0.1uF | |
gl o ¢ § o &g 4 g 8§ § g § 0503 o3| | 0e03 N
s 4 94 2 o 8 § & 8 4 24 g F o | 3 |
g £P0SQ04 b 02 [ I i
r—————--- l 0803 I—LFL—I— | h
Stuff Bulks If No Local Reg's |
: i nRESET EP05Q04. ! :‘gK ™2 TP3  TP4  TPS TP 4 |
3w
u | L |
| 7 oscvop . D3
! 32 a ! 1 | oreser K10 nTRST |
| | HDR 15X2 ags Mmes o1 crz covomari I W—l—_ﬁ—; !
v —— SOT-23
| _Lewr | i ! 133V [ HoH PR I 0% EP0SQ04
== NS | 18V ct3 10K AUF] ouF] Gptoral & PR 1
0603 SDouTs o 0608
| o SDA o 0603 0603 0603 . ng'l:\um |
s e ¢
! ! SPoFTX a o aw TRw em
| | o 5 LRCKT. R77 6.3vne savoe | R ——
! i TR = 3V 332 0.1uF | ! ! |
v | 2 soout w78 o | same ooy L
9| I |2 0603332 Y1
! | H i P spouto a1s asewz) Tas 1
! SNE i i i
o | oo ! e | soukr Re Optional
== BOOT EETL B0 352 renmi i R I i T O sl |
| CEVA o 13
| 9 [ ol-
(= soA A EE Rre2
| | oL R [t
[ ! GPIOO = 12C Address Select 1dddd
GPIO1 = Standby/Sleep oo R72 g{sgﬁ EEEE
355 G5S58RE sos0385088E
0603 8382843 85522522553
O &8eRRge EEE oo
EEL N T 2
L spDIFTX PymvoD (108 = ———— O] 133V
SPDIFRX PWMHO m PWM1H | Optional | 600-OhmG 1 D0MHz
*—3 10 PWMLO PWMIL o2 e o2 s . Tantalum 0805
RXD PWNGND [0 OAUF == O0fuF ==0.AuF ==O0.1uF T~ 22F |4 | cos !
v X SCK Bl e 1 e———ev— 0603 | 0603 | 0603 | 0603 3VDC | = NS |
1 RvoD P P —— > saoe |
RGND a1 (102 Pl | e
[ = SoiRo PWIIGND (same ) |
Gptional SO At T — [
Tantalum | LRCKR0 P2 B ey o
o T CGND. PWNIGND ?P““:‘E‘ |
— SokR1 PWVDD . antalum
e | - SOt PN S P 1 !
RekT : gL o o w0
ame fotgr | mekr  R81 LRCKR1 PWMLY PmaL 220F | Ns
—{same footprin) | M MCLK PWMGND 63vDC |
32 —i] sckr D2-81412-LR o oavee l
v 0603 —184 spo cvoo | |
| PROTECTAQ TRAIL OVER B
PROTECTBO PWW_ERRT
— s PROTECTCO ] v R
PROTECTA! (81—
omsral PROTECTBI "pe¢  now ERR2 UM ERR2
ca2 24 PROTECTCH <] nPwWME
2 GPIOO — RGND
6.3VDC = RVDD
D
ST Ll —
PROTECTE? [ oy
PROTECTCZ EUM ERRS ] npwm_ERRS adur
T [ nPWIERR_PUMP. nPWM_ERR_PUMP +18V
PROTECTSS N ——— WA
= PROTECTCS PO
- Leot = orSeL [ L
3 1 g nRED LED 8 NC [FRE—X
B2 RED LED nGRN_LED 9 —
LED0G03 oF
25
LED2 Td
R2¢ o h
332 GRNLED
LED0603
RBB o\ oo
P4
0608
aerror
Rez PSSYNC
L pssric
7
o0
WP ipio
UMM o
o | | [ous
o] | |0
77777777777777777777777777777777777 B o603 | [ o3
s B B
¥ 7 +3.3V
v o | [
Ras
. owr| [0 o
co 6 0603 b Operating Mode Configuration 0603 0603
014 S Toour T
83V v aw v ww 3 B aoor oe a
K 3 Boor eenze ] MMBTZ222A
soTza

WMBT2222

GEYT 910N uoledlddy




8¢

I!'sia3ul

6002 ‘Sz Areniged
0'SEYTINY

Hardware Schematics (continued)
Power Stages 1-2
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Hardware Schematics (continued)

Power Stages 3-4
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Hardware Schematics (continued)
Pump, Output Header, +5V SMPS
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Hardware Schematics (continued)
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HDR 4X1 - -
4 T

Subwoofer Low Pass Filter and Output Jack

C145 L9
B-PWM3H | Rise 1 J10
1€
330uH 33.2
R137 22uF 1210 0603 c146 R138
10K 6.3VDC 0.1uF 10K
0603 0603 0603
R139
0K c1a7 R140
0603 0.1uF 10K
0603 0803
C148 L10
B-PWMBL It B 1
*J \ 330uH 33.2
22uF 1210 0603
6.3vDC

Global Power Rails

S e
R ows |
Siree |

To/From USB & Reset Page

e -
| _B-BOOT EENZC (g goot ge/izc
| <
B-SDA
| oS —Kesoa
| - B-SCL
| B-nRESET ¢ B-nRESET
|

To/From ADC Page
e -
—B-nRESET __» B.nRESET

BXSCLKO /g yociko
B-XLRCKO
BXSDINO_ 5 xspiINO
—BXSCLKI__ 05 xscLk1
BXLROKI (g xi RCK1

B-XSDIN1 B-XSDINT

|
|
|
|
|
B-XLRCKO :
|
|
|
|
|

B-SPDIFRX__ (¢ B.SPDIFRX
___BSPDIFTX 53 b.spDIFTX
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Hardware Schematics (continued)

Breakway - USB and Reset

+33VB

+3.3VB 3}

4R142 lR143

10K 10K r2ave
0603 0603 r3ave
2-BIT ENCODE +3.3VB R144
voLo 10K
Master 0603 & NC7SZ125
Load Load 2c use & uia 4 B-BOOT_EE/I2C
Volume VoLt Complete | Active Active Active
W b4 W LeDs W LeDe WP LED? R145 D‘aL‘F"L o8
NCRN LED |QGRN LED ~[QGRN LED “]QGRN LED 10K 0605 N
Case "\ LED0603 |\ LED0603 |\ LED0603 |\ LEDO0603 0603
Case +3.3vB 7 7 N N
Wi s
onbs c150
" nBOOTMODE BUFFER EN
0603 GNOB UNBUFF_BOOT I2C/EE
151 s
VDD MOSI/P1.7 O
0603 11 18pF 'SCK/P16 +3.3VB ! = !
(b XTALI  MISOP15 [k = | Jumperto |
16MHZ P14 1 J11 | Re-Program
R146 P13 Atmel !
v XTALO __ P12 :ﬁ L r1a7 [ R14s I | Flash !
22 USB VREF 14 |\ oec sSSP 475K §4.75K ! oos  HDRTX2 !
0603 T5K " 0603 1 0603 0603 L 4
UsB D- 4 B-sCL
R150 8 D- P4.0/SCL -
s USB b+ 43 | D) PSSk B-SDA
0603 USB_LED3
I NATMEL_RST o, LEDIPST USB LED2
usp_PLLF LED1/P3.5 [H9—USELEDT
11
PLLF ToP34 4 Usp 1epo
LEDOP33 [HIE
INTO/P3.2
- Avss TXD/P3.1 :;5
System sw2 R151 vss RxDP3.0
c153 100 TEOCETIA
Reset D 2200pF 0603
0805 == .
Switch NPO 3.3VB
cis4 B-nRESET
0.01uF >>B-nRESET
0603 U1 | ris2 +3.3VB
8 10K
3 = 0603
3 R153 Q32
e 2| oreser MMBT2907A
b 10K soT23
a c1s5 0603
0.01uF
0603
LEDS
RED LED Reset
LED0603 |
R154
100
bt 0603
Optional if Q6 |
not needed. |
J . S
R156 Q33
ATMEL RST CTRL e T2007A
4.75K soT23
0603

>>B-BOOT_EE/I2C
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Hardware Schematics (continued)

Breakway - ADC

+3.3VB S>———| +3.3VB +5VB S>——] +5VB

14 e R157
: SP° R158 2
AIN1 1 AIN1+ -
Ul 100 R159 0603
c157 10K AGND anios
R160  22uF 0603 . ook
10K 6.3VDC on0s
0603 S ce0 § AKS384 +5vB
ANG: 4 28 AN1+
L Al LNz LNt Sl
A ANaT—2 LIN2- LiN1- F2—ro
22uF AN RiN2+ RIN1+ [26—ANZY R161
6.3VDC ANE__4 ] Rin. RINT- [25—ANZ 10K
ADC VoM —&] Test s 0603 30
e - . — — NS oo ADC RESET ! Nl 1 BRESET
AIN2 e ' 10 DIE__9 1 b ovoD (-2 { +svB EPosaos
10 e
so0s c164 0603 TOM1 TVDD s | +3.3vB
2700pF $114 TOMO spTo1 [HIBABESPA0 c166 c1es
[z —ADC SDAT:
0805 ADC_MCLK P32 TOMIN SDTO2 ADeSeLK R192 | c167 o 1uF 22uF
16 :
NPO Q108 e ADC_MCLK 3> peovrLw 14| MCLK L SCLK [T15ADC LRCK T 060: s
Ik
25uF R167 uir
6.3VDC 100
0603
J16 o
c1g9
AIN3 1 i Ri66 AIN3+ Lepo | ADC
t 100 REDLED W QVFLW
c171 LED0603 .7
R168  220F 0603 A sz
10K 6.3VDC o808
0603 -
NPO G172
A AIN3-
Ik
25uF
6.3VDC
+3.3VB | +33V8 —¢
AIN4 = 1 SE vad Anas « < R170
i - ADC_scLk e 4 BNl exsoo sy pyscie ADC SCLK uts 4 BXSCLK1 % 5.xsCLK1
R172  220F 0603 e c176 Ne7szizs 332 ci7s Nerszzm ae2
10K 6.3VDC 27000 e 0603 0.1uF ==
0603 NPO G177 0603 0603
Y e LN ADG 1250 nEN_ADC 1251
220F L
6.3VDC = e
+3.3VB | +33V8 —¢
v < R173
R174 ADC LRCK 4 B-XLRCK1 .
ADC_LRCK U2 4 BXLRCKO s 5 x Reko u20 > B-XLRCK1
p— Norsziz 35 o178 nerszizs 332
e L 0603 0.1uF ==
0603 0603
+3.3v8 =
= s
Tk “ave | v |
0603 w
w R177
nEN_ADC_1250 ADC_SDATO 4 R176 _ B.xspino B.XSDING ADC SDAT1 u22 4 B-XSDINT_%, 5. XSDINT
u23 >> NC7SZ125
| —nEN ADC 25T No7Sz12s 332 c180, o
c181 oo e L 0603
0.1uF" 1ul

nEN_ADC_I250

0603

GNDB

< B-nRESET
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Hardware Schematics (continued)

Breakway - SPDIF I-O

+3.3VB
+5VB
TORX173 T
phcal BX w  NC7SZ125 R170 +3.3VB
ouT u2s 4 B-SPDIFRX__ % B-SPDIFRX
100
SPQIF K+5vB c182 0603 R180
Optical 0.1uF 100
0603 0603
Input
v24 e Coaxial
+3.3ve D—+33VB crii2l Y- SPDIF
4
L R181 LED0603 Enabled
i 1K
0603
SPDIF R182 Q34
Input J19 COAXOPTICAL MMBT2222A
4.75K SOT-23
Selector — 0603
HDR3X1 Gros
GNDB
+3.3VB
+3.3VB
SPDIF  J20
Coax C1E4 uzc; NC7S§04 ass
Input I MMBT2907A
0.01uF c185 ve SOT23
0603 0.1uF
0603 .
T LED11 Optical
rioe o GRNLED 2 SPDIF
onee onee LED0603
R186 R187 Enabled
+3.3VB |
10K NS R188
0603 0603 100
0603
GNDB
TOTX173
Optical T
B-SPDIFTX »»— B-SPDIFTX 4 fiy
+5VB | 3 lvee SPDIF -
R191 Sub/Downmix
I-LIM
8.06K Out
c187] 0603
0.1uF
0603 28
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Hardware Schematics (continued)
Breakway Output Board

HDR12X1

B-OUT1+

B-OUT1

B-OUT2+

Option

B-OUT2-

o
c
=
n

Retrofit
Option

TSW-112-06-T-S-LL

Ep

LhblopNppis

c188 Cc189
= 0011?‘?: i 4700uF  +1__ 4700uF
T osos 35V 35V
PW SERIES PW SERIES
BOUT3+
B-0UTS
! T
! |
! |
! |
! |
! |
! |
I Option |
[,
B-OUT4+
B-OUT4-

Retrofit
Option

B-OUT2+

HDR4X1

+25V
GND
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Application Note 1435

Revisions 09/30/08 Revision 1.0.2 (revision 1.0.1 not released)
02/6/06 Revision 0.0.1 - First Internal Release. » Updated Intersil and D2Audio name references.
Leveraged existing TXS25-2 evaluation document and « Updated and revised photos to better represent platform

updated with basic TXS25-4 information including signal
flow, connection diagrams, jumper configurations,

Added updates to power supply references.

schematics, and images. » Rewording and text additions throughout for clarity.
02/14/06 Revision 0.0.2 - Second Internal Release. + Update to signal flow diagram to include D2Audio
SoundSuite

* Moved Master Volume in “ Required Power Source” o o
10/14/08 Revision 1.0.3 (revision 1.0.1 not released)

« Updated 8/4 ohm text and ground referencing text on ) ]
page 7 ¢ Conversion from book file to Frame

¢ Updated “TABLE 3. DEFAULT DIGITAL/ANALOG
AUDIO/CONTROL 1/0 BOARD FACTORY JUMPER
SELECTION” values

« Added continuous sine wave note in See “Testing Setup”
on page 21.

« Added 32-192kHz range in See “Testing with Digital Inputs
(Recommended Setup)” on page 21. and See “Testing
with Analog Inputs” on page 23.

« Updated full scale output text in Table 7 on page 24
Replaced mentions of “module” with “amplifier design”
02/15/06 Revision 1.0.0 - First Public Release.

« Updated verbiage on page 7 to improve clarity.
¢ Updated “”

« Updated verbiage and added additional graphics to page
16 in order to describe exactly how to select an analog
input, S/PDIF input or 12S/Left-Justified input.

D2™, D2A™, D2Audio™, D2Audio 360°Sound™, D2Audio AccuMatrix™, D2Audio Acoustical Speaker Detect™, D2Audio AFRC
(Automatic Frequency Response Compensation)™, D2Audio ARMC (Automatic Room Mode Correction)™, D2Audio Audio
Canvas™, D2Audio AudioAlign™, D2Audio Canvas™, D2Audio Canvas 2.0™, D2Audio Canvas II™, D2Audio ClearVoice™,
D2Audio DeepBass™, D2Audio DigitalEQ™, D2Audio Electrical Speaker Detect™, D2Audio HILO™, D2Audio LEO (Listenting
Environment Optimization)™, D2Audio LEOxpc™, D2Audio Load Monitor™, D2Audio Mono2Stereo™, D2Audio Multi-Crossover
Digital Bass Management™, D2Audio MultiMix™, D2Audio Multi-Mix™, D2Audio Page-In™, D2Audio Sound Pressure
Normalization™, D2Audio SoundSuite™, D2Audio Speaker Detect™, D2Audio Speaker Distance™, D2Audio Speaker EQ
(SPEQ)™, D2Audio Speaker Fingerprint™, D2Audio Speaker Impedance™, D2Audio Speaker Polarity™, D2Audio WideSound™,
Digital Audio Engine™ and DAE-3™ are trademarks of D2Audio Corporation.

Audistry™ by Dolby, Dolby Headphone™, Dolby Pro Logic Il, Dolby Pro Logic 1l/lix™, Dolby Pro Logic II™, Dolby Virtual
Speaker™, and Surround EX™ are trademarks of Dolby Laboratories Licensing Corporation. Audyssey 2EQ™, Audyssey EQ™,
Audyssey MUltEQ Pro™, Audyssey MUltEQ XT™ and Audyssey MUltEQ™ are trademarkss of Audyssey Laboratories, Inc. BBE™
is a trademark of BBE Sound, Inc. DTS Neo:6™ is a trademark of Digital Theater Systems, Inc. Logic 7™ is a trademark of
Harman International Industries, Incorporated. Microsoft™, Windows™ XP, Windows™ 2000 are trademarks of Microsoft
Corporation. SRS Definition™, SRS Dialog Clarity™, SRS FOCUS™, SRS Headphone 360™, SRS TruBass™, SRS TruSurround
HD™, SRS TruSurround HD4™, SRS TruSurround XT HD/HD4™, SRS TruSurround XT™, SRS TruSurround™, SRS WOW
HD™ and SRS WOW™ are trademarks of SRS Labratories, Inc. THX Adaptive De-Correlation™, THX Advanced Speaker Array
(ASA)™, THX Bass Management with Bass Peak Limiter™, THX Boundary Gain Compensation (BGC)™, THX Cinema Re-EQ™,
THX™ Ultra2™ and THX™ Select™ are trademarks of THX Ltd.

Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications at any time without notice. Accordingly, the reader is cautioned to
verify that the Application Note or Technical Brief is current before proceeding.

For information regarding Intersil Corporation and its products, see www.intersil.com
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