


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Plug-n-Play Audio Amplifier 
Evaluation Platform 

User's Guide 

SLOU011 
April 1998 

�~�T�E�X�A�S� 
INSTRUMENTS PrInted on Recycled Paper 

6-7 



IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 

TI warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality 
control techniques are utilized to the extent TI deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by govemment requirements. 

Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage ("Critical Applications"). 

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. 
Use of TI products in such applications requires the written approval of an appropriate TI officer. 
Questions conceming potential risk applications should be directed to TI through a local SC 
sales office. 

In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 

TI assumes no liability for applications assistance, customer product deSign, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 

Copyright © 1998, Texas Instruments Incorporated 



Preface 

Related Documentation From Texas Instruments 

FCC Warning 

Trademarks 

The TI Plug-N-Play Audio Amplifier Evaluation Platform is designed for use 
with TI audio power amplifier evaluation modules (EVM). Each audio amplifier 
EVM uses a TI audio amplifier integrated circuit and is shipped with a user's 
guide for the module and a data sheet for the IC. For information on additional 
TI audio ICs or audio EVMs: 

• Amplifiers, Comparators, and Special Functions Data Book 
(Tlliterature number SLYD011) This data book contains the data 
sheets for the TI audio amplifier integrated circuits that are used in 
the TI Audio Power Amplifier Evaluation Modules 

• Individual data sheets for TI audio amplifier integrated circuits 

• User's guides for TI audio power amplifier evaluation modules 

This equipment is intended for use in a laboratory test environment only. It 
generates, uses, and can radiate radio frequency energy and has not been 
tested for compliance with the limits of computing devices pursuant to subpart 
J of part 15 of FCC rules, which are deSigned to provide reasonable protection 
against radio frequency interference. Operation of this equipment in other 
environments may cause interference with radio communications, in which 
case the user at his own expense will be required to take whatever measures 
may be required to correct this interference. 

TI is a trademark of Texas Instruments Incorporated. 



If You Need Ass/stance 

If You Need Assistance • •. 
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H you want to ..• 

Request more information about 
Texas Instruments products 

Order Texas Instruments docu­
mentation 

Ask questions about product op­
eration or report suspected prob­
lems 

Do this ••• 

Call the PICt hotline: 
(972) 644-5580 

Or send a fax to the PIC: 
(972) 480-7800 

Or write to: 
Texas Instruments Incorporated 
Product Information Center, MS 3123 
P.O. Box 660246 
Dallas, Texas 75266 

Call the PICt hotline: 
(972) 644-5580 

Call the PICt hotline: 
(972) 644-5580 

Report mistakes in this document Send a fax to MSP Marketing Documentation 
or any other TI documentation Correction: (972) 480-3160 

Or send your comments to: 
Texas Instruments Incorporated 
MSP Marketing Documentation, MS 8710 
P.O. Box 660199 
Dallas, Texas 75266-0199 

t Texas Instruments Product Information Center 
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Chapter 1 

Introduction 

This chapter provides an overview of the Texas Instruments (TITM) Plug-N-Play 
Audio Amplifier Evaluation Platform (SLOP097). It includes a list of features 
and a brief description of the platform illustrated with both a pictorial and a func­
tio-nal block diagram. 

Topic Page 
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Feature Highlights 

1.1 Feature Highlights 

6-14 

The n Plug-N-Play Audio Amplifier Evaluation Platform includes the following 
features: 

o Quick and Easy Configuration 

• TI evaluation modules simply plug into the platform 

• Evaluation modules are keyed and cannot be installed incorrectly 

• Install only as many modules as needed 

• On-board jumpers select power and control options 

• On-board switches route signals 

• Add or change modules at any time 

o Flexible Power 

• On-board 9-V battery 

• External 5-V - 15-V OC Vee supply input through screw-terminal 
connectors 

• External 5-V - 15-V AC/OC supply input through standard coaxial 
power connector 

• On-board bridge rectifier and filter for AC input-power conversion and 
conditioning 

• Socket for on-board 5 Vl3.3 V Voo voltage regulator EVM 

• External regulated Voo input through screw terminals 

• On-board overvoltage and reverse polarity power protection 

o Quick and Easy Audio Input and Output Connections 

• Left and right RCA phono jack inputs 

• Miniature stereo phone jack input 

• Left and right RCA phono jack outputs 

• Left and right compression speaker terminal outputs 

• Miniature stereo headphone jack output 

Introduction 



1.2 Description 

The TI Plug-N-Play Audio Amplifier Evaluation Platform is a convenient ve­
hicle for evaluating, testing, and demonstrating TI's audio power amplifier and 
related evaluation modules (EVMs). The platform saves the time, trouble, and 
expense of having circuit boards designed and fabricated to evaluate a specif­
ic IC. TI audio EVMs simply plug into the platform, which automatically pro­
vides power to the modules, interconnects them correctly, and connects them 
to a versatile array of standard audio input and output jacks and connectors. 
Easy-to-use configuration controls allow the platform and EVMs to quickly 
model many possible end-equipment configurations. There is nothing to build, 
nothing to solder, and nothing but the included speakers to "hook up." 

The platform consists of a 6.5 inch by 7 inch piece of G-10 circuit board 
equipped with various signal input and output connectors, power connections, 
pin-sockets for TI audio EVMs, and switches and jumpers for signal routing 
and option selection (Figure 1-1). All the inputs are at one end, the outputs are 
at the other end, and the EVM sockets are in between for a straight signal path. 

Figure 1-1. The T/ Plug-N-Play Audio Amplifier Evaluation Platform 
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Description 

The audio EVM sockets are arranged into two stages on the platform (Figure 
1-2): an input signal conditioning stage (socket U1) and an output power 
amplifier stage (sockets U2 through U5). The signal conditioning EVM can 
include such functions as volume and tone controls as well as the mixing of 
several sources, and can be bypassed with a switch on the platform. The 
output amplifier stage can be populated with a wide variety of EVMs, including 
both single-channel and stereo units, and is intended to drive speakers and 
headphones. 

Figure 1-2. Functional Block Diagram 
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Signals are input through either a pair of RCA phono jacks (left and right 
channels) or a miniature stereo phone jack. These inputs are grounded when 
the jacks are not in use. Signal conditioning EVMs may have additional input 
connectors, as in the case of the Microphone Mixer EVM (SLOP107), which 
has a microphone input jack mounted on its circuit board. 

The platform includes a pair of sockets for single-channel power amplifiers (U3 
and U4) and a socket for a stereo power amplifier (U2). These sockets physi­
cally overlap each other such that either one or both mono amplifiers can be 
installed, OR, a single stereo amplifier can be installed - but not any combina­
tion of stereo with mono amplifiers. Outputto speakers is through a pair of RCA 
phono jacks and compression connectors for use with stripped speaker wire. 

Socket U5 is typically for a stereo headphone amplifier EVM. A miniature 
stereo headphone jack is capacitively coupled to either the headphone 
amplifier outputs or the power amplifier outputs as selected by a switch. 

The platform Vee supply can be provided by a wide variety of sources, 
including an on-board 9-V battery for low-power or short-duration projects and 
unregulated external AC or DC between 5 V and 15 V for other applications. 
ForTI audio EVMs that require a regulated 3.3-V or 5-V Voo supply, a voltage 
regulator EVM can be installed on the platform (U6), or external regulated Voo 
power can be applied to a connector on the platform. 
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Chapter 2 

Quick Start 

This chapter contains a quick-start list that explains how to configure the 
platform, connect power, connect the inputs and outputs, and power up the 
system. 

Topic Page 
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Precautions 

2.1 Precautions 

Figure 2-1. Quick Start Map 
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Quick Start List 

2.2 Quick Start List 

The following steps can be followed to quickly prepare the TI Plug-N-Play 
Audio Amplifier Evaluation Platform and EVMs for use. Numbered callouts for 
selected steps are shown in Figure 2-1 and details for each step appear in 
Chapter 3. 

o Configure the platform 

1) Ensure that all external power sources are set to OFF and that the platform 
power switch 81 is set to OFF; set gain controls to minimum 

2) Select the TI audio evaluation modules to be used 

3) Install the modules on the platform in the appropriate sockets 

4) Use switch 82 to select or bypass the signal conditioning EVM (U1) 

5) If the headphone jack (J1 0) output will be used, set source switch 83 to 
U5 or U2-U4 according to which sockets have power amplifiers installed 

6) Consult the User's Guide for the power amplifier installed in U5 (if any) and 
set control signal Polarity jumper JP7 to either HI or Lo 

7) Consult the User's Guide for the power amplifiers installed in U2-U4 (if 
any) and set control signal Polarity jumper JP8 to either HI or Lo 

8) Consult the User's Guide for the power amplifiers installed in U2-U4 (if 
any) and set jumper JP6 to select either the Mute or Mode control input 

o Connect power supplies 

9) Consult the User's Guides for the modules installed and select external 
power supplies that will provide a voltage appropriate for the modules 
installed (platform Vee must be within the range of 5.5 V to 15 V, or 5.5 V 
to 12 V with a SLVP097 regulator module installed in U6, for example) 

10) If any module installed on the platform requires a regulated VOO of 3.3 V 
or 5 V for operation, install a SLVP097 regulator EVM (or equivalent) in U6 
or connect an external regulated power supply adjusted to the correct 
voltage to screw terminals J6, taking care to observe marked polarity 

11) Connect power to, and jumper ONE of the following Vee power inputs: 
a) Connect an external DC power supply to screw terminals J1, taking 

care to observe marked polarity, and jumper JP1 

b) Plug a coaxial power connector (AC or DC) into J2 and jumper JP2 

c) Install a 9-V battery into 81 and jumper JP3 

o Connect Inputs and outputs 

12) Connect the audio source to left and right RCA phono jacks J3 and J5 or 
stereo miniature phone jack J4 

13) Connect 4-n - 8-n speakers to left and right RCA jacks J7 and J9 or to 
stripped wire connectors J8, or plug headphones into J10 

o Powerup 

14) Verify correct voltage input polarity and set external power supplies to ON, 
then set platform power switch 81 to ON 

LED1 should light indicating the presence of Vee, LED2 should light indicating 
the presence of Voo (if used), and the evaluation modules installed on the 
platform should begin operation. 

15) Adjust signal source levels and EVM gain controls as needed 
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Chapter 3 

Details 

This chapter provides details on the steps in the Quick-Start List and additional 
information on the TI Plug-N-Play Audio Amplifier Evaluation Platform. 
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Precautions 

3.1 Precautions 

Figure 3-1. The Platform 
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3.2 Configuration 

Configuration 

Configuring the TI Plug-N-Play Audio Amplifier Evaluation Platform consists 
of selecting the appropriate TI audio EVMs for the application to be modeled, 
installing the modules on the platform, routing the signal, and setting the mode 
and mute options of the amplifier. 

3.2.1 TI Audio EVMs 

There are a wide variety of TI audio EVMs available for the platform. Contact 
any TI sales office to obtain additional audio EVMs or for information on any 
new audio EVMs that may have been released. 

The platform is equipped with six evaluation module sockets (Figure 3-1): 

• U1 Signal conditioning EVM socket 

• U2 Stereo audio power amplifier EVM socket 

• U3 Mono audio power amplifier EVM socket 

• U4 Mono audio power amplifier EVM socket 

• US Headphone audio power amplifier EVM socket 

• U6 DC/DC converter/voltage regulator EVM socket 

Various modules can be installed in combination, with the minimal 
configuration being simply a power output amplifier and a 9-V battery. Or, the 
platform can be populated with a full complement of modules. If a power output 
amplifier is to be installed, however, a choice must be made between either 
a stereo power output amplifier in socket U2, or one or two monaural power 
amplifier modules in sockets U3 and/or U4. A stereo headphone power 
amplifier can be installed in socket US whether any other power amplifiers are 
installed or not. 

3.2.2 Installing and Removing EVM Boards 

TI Plug-N-Play evaluation modules use single-in-line header pins installed on 
the underside of the module circuit board to plug into sockets on the platform. / 
The EVM pins and the platform sockets are keyed such that only the correct 
type of EVM can be installed in a particular socket, and then only with the 
proper orientation. 

Evaluation modules are easily removed from the platform by simply prying 
them up and lifting them out of their sockets. Care must be taken, however, to 
prevent bending the pins. 

3.2.2.1 EVM Insertion 

1) Remove all power from the evaluation platform 

2) Locate the appropriate socket on the platform 

3) Orient the module correctly 
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4) Carefully align the pins of the module with the socket pin receptacles 

5) Gently press the module into place 

6) Check to be sure that all pins are seated properly and that none are bent 
over 

3.2.2.2 EVM Removal 

1) Remove all power from the evaluation platform 

2) Using an appropriate tool as a lever, gently pry up one side of the module 
a small amount 

3) Change to the opposite side of the module and use the tool to pry that side 
up a small amount 

4) Alternate between sides, prying the module up a little more each time to 
avoid bending the pins, until it comes loose from the socket 

5) Lift the EVM off of the platform 

3.2.3 Signal Routing 

The audio signal from the input jacks can be applied to the signal conditioning 
socket (U1) if a signal conditioning EVM is installed, or socket U1 can be 
bypassed and the audio input signal applied directly to the inputs of the 
installed power amplifiers. Switch S2 selects signal conditioning or bypasses 
it (Figure 3-2). 

Figure 3-2. Signal Routing Switches 
, ___ .~ ~. __ .,fIO: __ .. 

I ... 'ua' '. >---.------+ + 
Stel'el) Poltler: R 

AmPlifier: 1---+-------+ 
R 

- J7,J8,J9 

~ I '.~~ .. ~-.~.-.--' !J-! ...... I 

I .Of·. 
I 114 $nlflor U3 
: Mono pOWtt, . : L 

~._,;;~"!!f~~!_ ;;.1--'--+-U-2---U-4---+ 
._~ _____ ~. R 

Speaker 
Outputs 

L 
+ 

I U1 I 
J3, J4, J5 I .. 'SinriaJ I 

Audio I" . I 

I .us ....... R ~+ 
•... ,:S~ '.' : G:FCD -

".. ____ ,' HflSdphori!l,' , S3 
: S2 J10 

Headphone 
Output Input 

6-24 

I CQ.ncfl1ionIl'i9'.I 

~'~~~!~:t~t---t: On 

us 

Switch S3 is the source select for the stereo headphone output jack, J 10. The 
headphone jack is capacitively coupled and can output either the Signal from 
the headphone amplifier in socket U5, or the output Signal from the power 
amplifier(s) installed in socket U2 or U3 and/or U4, as determined by the 
setting of S3. 
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3.2.4 Muting and Mode 

Many TI audio power amplifier EVMs have control inputs that mute the output 
and/or change the operating mode (from bridged to single-ended output, for 
example) in response to a signal applied to a control input. The typical 
application, as often found in notebook computers, portable audio products, 
and such, would have the internal, speakers mute when headphones are 
plugged into the headphone jack, . or have internal speakers mute when 
external speakers are connected. 

In applications using separate speaker and headphone amplifiers, the one not 
being used can be shut down (muted) to conserve power. In applications that 
use a single power amplifier to run either the speakers or the headphones, or 
either the internal speakers or the external speakers, often the amplifier must 
switch its output mode to single-ended to be able to cope with the 3-wire 
headphone or extemal speaker connector that returns the signal to ground. 

The TI Plug-N-Play Audio Amplifier Evaluation Platform has been designed to 
provide complete flexibility in selecting control signal polarity and functionality 
for amplifier muting and mode select. 

3.2.4.1 Headphone Jack Control Signals 

The platform headphone jack (J10) contains an internal switch that changes 
the state of a pair of control lines when a headphone plug is inserted. Each 
control line is pulled down by a 1-1<0 resistor to ground (R4 and RS). The switch 
in the headphone jack pulls one line or the other up to Voo through a 240 n 
resistor (R3) depending on whether a headphone plug is inserted in J1 0 or not 
(Figure 3-3). 

Figure 3--3. Mute/Mode Control 
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A 3-pin jumper header (JP7), functioning as a SPOT switch, selects the control 
signal polarity by connecting either the active-low or the active-high line from 
the headphone jack to the mute control input of the headphone amplifier 
socket, US. 

For the power amplifiers, sockets U2 - U4, a second three-pin jumper header 
(JP8) selects the control signal polarity by connecting either the active-low or 
the active-high line from the headphone jack to jumper JP6. JP6 connects the 
control signal from the headphone jack to either the mute or the mode control 
input of the power amplifier sockets. 
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3.2.4.2 Muting Polarity Select for Headphone Amplifier In US (JP7) 

Jumper JP7 as indicated in the User's Guide for the amplifier installed in U5, 
or: 

o To mute EVMs that are being used as headphone amplifiers in U5 when 
the plug is removed from the headphone jack, jumper JP7 as follows: 

• If the EVM mutes on a low control signal, jumper JP7 to HI 

• If the EVM mutes on a high control signal, jumper JP7 to Lo 

3.2.4.3 MuteiMode Select for Power Amplifiers in U3/U4 or U2 (JP6) 

Jumper JP6 as indicated in the User's Guide for the power amplifiers installed 
in U2 or in U3IU4, or: 

o To change the mode (from BTL to SE, for example) of the power amplifiers 
installed in U3IU4 or U2 when a plug is inserted in the headphone jack, 
jumper JP6 to Mode 

o To mute the power amplifiers installed in U3/U4 or U2 when a plug is 
inserted in the headphone jack, jumper JP6 to Mute 

3.2.4.4 Mute/Mode Polarity Select for Power Amplifiers In U3/U4 or U2 (JPB) 

Jumper JP8 as indicated in the User's Guide for the power amplifiers installed 
in U2 or in U3/U4, or: 

o To mute or change the mode of the power amplifiers installed in U3/U4 or 
U2 when a plug is inserted in the headphone jack, jumper JP8 as follows: 

• If the power amplifiers mute or change to the desired mode on a low 
control signal, jumper JP8 to Lo 

• If the power amplifiers mute or change to the desired mode on a high 
control signal, jumper JP8 to Hi 

3.2.4.S Mute/Mode Jumper Select Table 

Table 3-1 shows the relationship between the control line polarity select 
jumpers (JP7 and JP8), the Mute/Mode select jumper (JP6), and the 
headphone plug for amplifier EVMs with active-high control inputs. 

Table 4-1. Mute/ModelPolarlty Jumper Select Table 

POWER AMPLIFIERS HEADPHONE HEADPHONE AMPLIFIER 

JP6 JP8 U2-U4 PLUG US JP7 

Lo 
Active Present Active 

Lo 

Mute 
Mute Not present Mute 

Mute Present Mute 
Hi Hi 

Active Not present Active 

Lo 
Mode A Present 

Mode 
ModeB Not present 

Hi 
ModeB Present 

Mode A Not present 
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Power 

TI audio modules installed in the TI Plug-N-Play Audio Amplifier Evaluation 
Platform operate from either an unregulated Vee supply or a regulated Voo 
supply. The platform can be powered from an on-board battery or from any of 
several different external sources. 

3.3.1 Platform Power Distribution 

The platform is equipped with a number of connectors for power input, and a 
Vee bus and a Voo line for on-board power distribution. The Vee bus uses 
jumper block JP1 OR JP2 OR JP3 to connect it to the desired power input 
connector. Only ONE of these jumpers should be installed at anyone time. 

On-board switch S1 applies Vee power to the modules installed on the 
platform. Note that S1 also controls Voo power only when Voo is supplied by 
a power supply/Voltage regulator module plugged into platform socket U6, and 
not when Voo power is supplied from an external source at screw terminals 
J6. LE01 and LE02 indicate the presence of power on the Vee bus and the 
Voo line, respectively (Figure 3-4). 

Figure 3-4. Platform Power Distribution 
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Jumper JP4 is in series with the Vee bus and allows easy monitoring of module 
Vee current consumption (ICc). JP5 is in series with the Voo line for 100 
measurement. Both current monitoring points are on the load side of the 
indicator LEOs, so their current consumption will not be part of the 
measurement. 

3.3.2 Platform Power Protection 

The platform Vee bus and the Voo line are protected against both excessive 
voltage levels and reverse power polarity by zener diodes and fuses 
connected to form crowbar circuits. 

A zener diode is connected backwards between the Vee bus and ground so 
that it is reverse-biased. If the input voltage exceeds the zener breakover 
voltage, the diode suddenly conducts heavily, forming a low-impedance path 
to ground. The resulting high current opens the fuse, removing the voltage. 
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If a reverse-polarity voltage is input, the zener, being forward biased, conducts 
immediately, and again the fuse opens. A similar circuit protects the V DO line. 

Note that the vee bus protection components are ahead of the platform power 
switch. And since there is no power switch for the Voo line, both protection 
circuits will respond to reverse power polarity and overvoltage conditions at 
the moment they are applied to the platform power input connectors. Power 
polarity and voltage levels must be set and verified before external power is 
applied to the platform. 

Correct polarity and maximum voltage levels should always be strictly 
observed because not only is the operation of the crowbar circuit always 
destructive to some degree (at a minimum, the opened fuse must be 
unsoldered and replaced), there is always the chance for damage to the 
platform, the installed modules, and/or the external power source before the 
fuse opens. 

Damage to the protection circuit and/or the platform (beyond an open fuse) 
can occur if the external power supply is unable to provide at least 3 amps of 
current to ensure the fuse opens quickly. Lower currents can cause failure of 
the zener diode and possibly damage to the platform PCB traces from 
overheating. 

3.3.3 Platform Power Inputs 

The evaluation modules installed on the platform can be powered by a wide 
variety of Vee sources including: 

DOn-board 9-V battery 

o Unregulated external DC at screw terminals J1 

o Unregulated external AC or DC at coaxial power connector J2 

And for those TI audio EVMs that require a regulated Voo supply: 

o Regulated DC from on-board power supply/regulator (socket U6) 

o Regulated external DC at screw terminals J6 

Selecting the appropriate power source may depend on the requirements of 
the various modules in the audio system assembled on the platform, or simply 
on what is available (as long as platform and EVM requirements are met). 

3.3.3.1 Power Requirements 
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Platform Vee voltage limits are governed by the lowest level that will operate 
all of the installed modules and the highest level that the modules (or the 
platform overvoltage protection circuit) will tolerate. In general, however, the 
Vee input voltage should be in the range of: 

• Approximately 3.3 V to a maximum of 15 V 

• Approximately 5.5 V to a maximum of 12 V if a SLVP097 power 
supplylvoltage regulator module is installed in U6 
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Some TI audio EVMs require a regulated Voo supply (3.3 V or 5 V typical) for 
operation. This can be provided by a power supplylvoltage regulator EVM 
installed in platform socket US (runs off of the platform Vee bus) or by an 
external regulated supply. If an external Voo source is used, depending on the 
EVM reqUirements, Voo should be: 

• 3.3 V or 5 V, and must not exceed S V 

3.3.3.2 On-Board 9-V Battery 

Many low-power portable and battery-powered audio systems can be 
modeled on the platform with TI audio EVMs. It may make sense, then, to 
power these system mOdels on the platform using an on-board battery. The 
platform is equipped with a snap-in battery holder for a common 9-V battery 
and jumper JP3 connects the battery to the Vee bus, which routes the battery 
voltage to the various EVM sockets. 

Since the Vee bus also supplies the on-board power supplylvoltage regulator 
socket, the battery voltage can be input voltage for a power supply/regulator 
EVM plugged into US. The regulator EVM then supplies regulated voltage to 
the Voo line for use by those EVMs that require regulated Voo power. 

For high-power audio system evaluation and demonstration, one of the other 
platform power supply options should be selected. 

3.3.3.3 Unregulated External DC at Screw Terminals J1 

Unregulated DC voltage from a bench-type supply or any other source of DC 
power within the required voltage range can be connected to screw terminals 
J1 for Vee power. Jumper JP1 connects J1 to the Vee bus for distribution. 

Voltage applied to screw terminals J1 MUST be of the correct polarity and 
MUST NOT exceed 15 V or the power protection circuit on the Vee bus will trip. 

3.3.3.4 Unregulated External AC or DC at Coaxial Power Connector J2 

The coaxial power jack, J2, matches a large number of the typical wall-cube­
type power transformers/power supplies. Although the jack is of a standard 
size (5.5 mm 0.0. x 2.1 mm 1.0.), there does not seem to be any standard for 
voltage polarity or power type (AC or DC) among wall-cubes and other power 
sources using a coaxial power plug. To ensure the widest possibility 
compatibility, the platform is equipped with a full-wave bridge rectifier between 
the coaxial connector and the Vee bus to allow DC voltage of either polarity, 
or AC voltage to be input through J2. Jumper JP2 connects J2 to the Vee bus 
for distribution. 

The bridge rectifier eliminates the need to determine the plug polarity for input 
voltage at J2 and rectifies AC voltage applied to J2 into DC before it is 
connected to the Vee bus. An on-board filter capacitor on the bus smooths the 
rectified AC. 

With DC voltage applied to J2, the bridge rectifier introduces a voltage drop 
of approximately 1.4 V (two diode forward-drops). This drop must betaken into 
account if the DC voltage applied to J2 is at or near the minimum required for 
operating a module installed on the platform, and the external voltage supply 
adjusted accordingly. 
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With an AC voltage applied to J2, Vee bus voltage depends on several factors, 
including the load on the bus. As a general rule for typical AC voltage inputs, 
however, Vee bus voltage will be approximately the peak value of the applied 
ACvoltage. 

The bridge rectifier also causes the platform ground bus to be approximately 
0.7 V above the ground of other equipment that might be operated by the same 
external power supply. Platform Vee and EVM voltage measurements should 
be referenced to the platform ground bus (test point TP1, for example) and not 
the external power supply ground when Vee voltage is supplied from J2. 

Vee voltage MUST NOT exceed 15 V or the overvoltage protection circuit on 
the Vee bus will trip. 

3.3.3.5 Regulated DC From On-Board Regulator (Socket U6) 

A power supplylvoltage regulator EVM can be installed in platform socket U6 
to provide a a regulated Voo voltage (3.3 V or 5 V typical) for audio evaluation 
modules installed on the platform that require it. The regulator EVM uses 
power from the Vee bus as an input and provides the appropriate regulated 
voltage to the platform Voo line. 

Voo voltage also appears at screw terminals J6, where it can be used as a 
source of regulated power for off-board use, subject to the.maximum current 
capabilities of the regulator module installed in U6 and the platform Vee 
supply. 

Do not allow the Vee voltage to exceed the maximum specified forthe installed 
power supplylvoltage regulator EVM. 

3.3.3.6 Regulated External DC at Screw Terminals J6 
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Regulated voltage (3.3 V or 5 V typical - 6 V maximum) from an external 
source can be connected to screw terminals J6 to supply the platform Voo line 
for audio evaluation modules installed on the platform that require a regulated 
Voo supply. 

Voltage applied to screw terminals J6 MUST be of the correct polarity and 
MUST NOT exceed 6.1 V or the power protection circuit on the Voo line will 
trip. 
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3.4 Inputs and Outputs 

3.4.1 Inputs 

TI Plug-N-Play Audio Amplifier Evaluation Platform is equipped with several 
standard conectors for audio inputs and outputs. 

In most cases, audio signals enter the platform through either a pair of RCA 
phono jacks (J3 and J5) or a miniature (1/8") stereo phone jack (J4). Certain 
EVMs, however, may have additional signal input connectors mounted on the 
module circuit board. 

The platform audio signal input jacks (J3, J4, and J5) are of the closed-circuit 
type and are interconnected such that the stereo phone jack is in series with 
the RCA phono jacks, and the signal lines are grounded when no plugs are 
inserted (Figure 3-5). 

Figure 3-5. Platform Audio Input Jacks 
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The internal switches in the RCA phono jacks (J3 and J5) connect the signal 
lines to ground when a plug is not inserted. The internal switches in the stereo 
phone jack (J4) connect the module signal inputs to the RCA phono jacks 
when a plug is not inserted in the stereo phone jack. These connectors operate 
as follows: 

• With no plugs inserted, the signal lines to the inputs of the signal 
conditioning socket, U1*, are shorted to ground. 

• With plugs inserted into the RCA phono jacks (J3 and J5) only, the 
signal from the phono plugs is routed through the stereo phono jack 
internal switches and then on to socket U1*. 

• With a plug inserted into the stereo phone jack (J4), the RCA phono 
jacks are disconnected from the input and the signal from the phone 
plug is applied to socket U1*. 

* or to power amplifier sockets if 82 is set to OFFto bypass conditioning 
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3.4.2 Outputs 
Amplified audio signals leave the platform through left and right RCA phono 
Jacks (J7 and J9), left and right pairs of compression connectors for stripped 
speaker wires (Ja), and a capacitively-coupled miniature (1/a") stereo phone 
jack (J10) for headphones (Figure 3-6). 

Figure 3-6. Platform Audio Output Jacks and Connectors 
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3.4.2.1 Power Amplifier OutputS/Jacks 

The audio output lines from the power amplifiers are separate all the way to 
the edge of the platform (output jacks J7, Ja, and J9) - the Out -lines from 
the power amplifier sockets are not tied to each other or to platform ground. 
This allows certain power amplifier EVMs to operate in various output drive 
modes, including some highly-efficient bridged configurations. To reduce 
possible emissions, limit the length of speaker wiring to 1 meter or less. 

3.4.2.2 Headphone Amplifier Output/Jack 
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The headphone jack (J1 0) is a stereo miniature phone jack that is capacitively 
coupled (via 470 I1F electrolytics) to S3. Source select switch S3 connects the 
headphone jack to the output lines of either the headphone amplifier socket 
U5, or to the output lines of the power amplifier sockets (U2, U3, and U4). 

Some of the TI power amplifier EVMs that can be installed in sockets U2, U3, 
or U4 normally operate in the single-ended output mode, and some have the 
ability to switch from a bridged output mode to single-ended in response to a 
mode control signal. S3 should not be set to the power amplifier position unless 
power amplifiers that can operate in the single-ended mode are installed. 

When S3 is set to the power amplifier position (U2 - U4), the headphone jack 
is connected to the power amplifier Out + output lines. When a headphone plug 
is Inserted into the jack, these output lines are returned to the common platform 
ground inside J1 0, requiring single-ended power amplifier outputs. For power 
amplifier modules that have selectable output modes, a. switch inside the 
headphone jack sends a control signal to the power amplifier sockets that can 
select the single-ended output mode when a headphone plug is inserted. 
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3.5 Troubleshooting 

This section covers some of the possible difficulties that might be encountered 
with platform operation. 

o The platform is connected to an external power source for vee and a 
voltage regulator EVM is installed in U6. Neither LED is lit and the EVM 
modules are not receiving power. 

• Check that platform power switch S1 is set on ON 

• Check that JP1 or JP2 or JP3 is jumpered and corresponds to the 
power source 

• Check fuse F1; replace it if it is found to be open 

• Check platform power switch S1; replace it if it is found to be faulty 

o The platform is connected to an external power source for Vee and a 
voltage regulator EVM is installed in U6. Only LED1 (Vee) is lit. There is 
no Voo at JPS and the installed EVMs do not function properly. 

• Check that the voltage regulator EVM is fully seated in socket U6 and 
that none of the pins are bent over 

• Substitute a known-good voltage regulator EVM for the module in U6 

o The platform is connected to an external power source for VOO at J6. LED2 
(Voo) is dark and Voo is not reaching the EVMs. 

• Check for correct Voo input supply voltage 

• Check fuse F2; replace it if it is found to be open 

o Power amplifier EVMs installed in U2, U3, and/or U4 are powered correct­
ly but produce no sound. 

• Consult the User's Guide for the installed power amplifier and 
determine 1) if the EVM is mute active-high or mute active-low, and 2) 
which pin on the module is the mute control input. Measure the voltage 
at the mute control input pin of the installed module with no plug 
inserted in headphone jack J 10. Ifthe EVM is mute active-high and the 
mute pin of the EVM measures Voo, the EVM is being held in the mute 
mode. Jumper the other pin on JP8 to reverse the mute control line 
polarity. 

o The power amplifier EVM installed in US is powered correctly, but there is 
no sound from headphones when plugged into headphone jack J 10. 

• Check that the headphone jack source select switch (S3) is set to the 
U5position 

• Consult the User's Guide for the installed power amplifier and 
determine 1) if the EVM is mute active-high or mute active-low, and 2) 
which pin on the module is the mute control input. Measure the voltage 
at the mute control input pin of the installed module with the 
headphone plug inserted in jack J10. If the EVM is mute active-high 
and the mute pin of the EVM measures Voo, the EVM is being held in 
the mute mode. Jumper the other pin on JP7 to reverse the mute 
control line polarity. 
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3.6 Parts List 

Table 4-2. Plug-N-Play Audio Amplifier Evaluation Platform Parts List 

Ref I DescriPtion· I Source Part No. 

Bl Battery,9·V 

Cl Capacitor, Aluminum, 470 IlF, 25 V Digi-Key P5704·ND 

C2 Capacitor, Aluminum, 470 IlF, 16 V Digi-Key P6230·ND 

C3 Capacitor, Aluminum, 470 IlF, 16 V Digi-Key P6230-ND 

Dl Diode, Rectifier, 3 A, 50 V Mouser 583-1N54oo 

D2 Diode, Rectifier, 3 A, 50 V Mouser 583-1N54oo 

D3 Diode, Rectifier, 3 A, 50 V Mouser 583-1N54oo 

D4 Diode, Rectifier, 3 A, 50 V Mouser 583-1N5400 

Fl Fuse, Pico II, 3 A, 125 V, Fast-acting Littelfuse 251-003 

F2 Fuse, Pico II, 3 A, 125 V, Fast-acting Littelfuse 251-003 

Jl Connector, 2-pin, screw connector, 0.2" centers Mouser 506-2MV02 

J2 Jack, Power, 2.1 mm, PC mount Mouser 163-5004 

J3 Phone Jack, switched, PC mount Mouser 16PJ396 

J4 Phone Jack, Stero, 1/8" Mouser 161-3504 

J5 Phone Jack, switched, PC mount Mouser 16PJ396 

J6 Connector, 2-pin, screw connector, 0.2" centers Mouser 506-2MV02 

J7 Phone Jack, switched, PC mount Mouser 16PJ396 

J8 Connector, 4-pin Radio Shack 274-622A 

J9 Phone Jack, switched, PC mount Mouser 16PJ396 

J10 Phone Jack, 1/8" with SPDT switch Mouser 161-3503 

JPI - JP8 Reader, 2-pin, 100-mil centers, 0.23" top, 0.22" bottom Digi-Key SI022-36-ND 

LEDI LED, TI-314, Org, 25-mA 

LED2 LED, Tt-314, Red, 25-mA 

Rl Resistor, CF, 430 Ohm, 1/2 W, 5% 

R2 Resistor, CF, 150 Ohm, 1/4 W, 5% 

R3 Resistor, CF, 240 Ohm, 1/4 W, 5% 

R4 Resistor, CF, 1.0 K Ohm, 1/4 W, 5% 

R5 Resistor, CF, 1.0 K Ohm, 1/4 W, 5% 

SI Switch, DPDT, 0.2-A, 30-V, pc mount Digi-Key EGI908-ND 

S2 Switch, DPDT, 0.2-A, 30-V, pc mount Digi-Key EGI907-ND 

S3 Switch, DPDT, 0.2-A, 30-V, pc mount Digi-Key EGI907-ND 

VRI Diode, Zener, 15 V, 1 W, 5%, DO-41 Diodes, Inc. lN4744A 

VR2 Diode, Zener, 6.2 V, 1 W, 5%, DO-41 Diodes, Inc. lN4735A 

XBl Battery Holder, 9-V, pc mount Keystone 1294K 

PCB Printed Circuit Board, 2-layer SLOP097 

Socket Pins, 0.022"-0.032" (Qty: 106) Mil-Max #0295-0- Digi-Key ED5008-ND 

Standoff, Nylon, 0.375"/6-32 (Qty: 6) Digi-Key 8441BK-ND 

Screw, 0.25"/6-32 (Qty: 6) Digi-Key 

SHUNT, black, closed top (Qty: 3) Mouser 151-8010 

SHUNT, red, open top (Qty: 3) Mouser 151-8003 
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3.7 Platform EVM Socket Pinouts 

Figure 3-7. Signal Conditioning Socket U1 Pinout 
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Figure 3-8. Power Amp/fier Socket U2 Pinout 
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Figure 3-9. Power Amplfier Socket U3/U4 Pinout 
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Figure 3-10. Headphone Amplfier Socket US Pinout 
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IMPORTANT NOTICE 

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue 
any product or service without notice, and advise customers 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 acknowledgement, including those 
pertaining to warranty, patent infringement, and limitation of liability. 
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About This Manual 

Preface 

Read This First 

This user's guide is a reference manual for the SLVP097 Buck Converter Eval­
uation Module. This document provides information to assist managers and 
hardware engineers in application development. 

How to Use This Manual 

This manual provides the information and instructions necessary to design, 
construct, operate, and understand the SLVP097. Chapter 1 describes and 
lists the hardware requirements; Chapter 2 describes design considerations 
and procedures. 

Related Documentation From Texas Instruments 

The following books describe the TL5001 and related support tools. To obtain 
a copy of any of these TI documents, call the Texas Instruments Literature 
Response Center at (800) 477-8924. When ordering, please identify the book 
by its title and literature number. 

TL5001 Pulse-Width-Modulation Control Circuits Data Sheet (Literature 
number SLVS084C). 

Designing with the TL5001C PWM Controller Application Report 
(Literature number SLVA034). 

TPS2816, TPS2817, TPS2818, and TPS2819 Single-Channel High-Speed 
MOSFET Driver Data Sheet (Literature number SLVS160) 
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If You Need Assistance 

If You Need Assistance . •. 

If you want to ••• Contact Texas Instruments at ••• 

Visit TI online 

Request more information 
about Texas Instruments 
Mixed Signal Products 
(MSP) 

Ask questions about product 
operation or report sus­
pected problems 

Order Texas Instruments 
documentation (see Note 1) 

Make suggestions about or 
report errors in documenta­
tion (see Note 2) 

World Wide Web: http://www.tLcom 

World Wide Web: http://www.tLcomlsc/docs/pic/home.htm 

Call the Product Information 
Center (PIC) hotline: (972) 644-5580 

Send a fax: (972) 480-7800 

Write to: Texas Instruments Incorporated 
Product Information Center, MS 3123 
P.O. Box 660246 
Dallas, Texas 75266 

Call the Product Information 
Center (PIC) hotline: (972) 644-5580 

Call the Product Information 
Center (PIC) hotline: (972) 644-5580 

Send a fax: MSP Marketing Documentation Correction 
(972) 480-3160 

Write to: Texas Instruments Incorporated 
MSP Marketing Documentation 
Correction, MS 8710 
P.O. Box 660199 
Dallas, Texas 75266-0199 

Notes: 1) The literature number for the book is required; see the lower-right corner on the back cover. 

2) Please mention the full title of the book, the literature number from the lower-right corner of the back cover, and the 
publication date from the spine or front cover. 

FCC Warning 

Trademarks 

This equipment is intended for use in a laboratory test environment only. It gen­
erates, uses, and can radiate radio frequency energy and has not been tested 
for compliance with the limits of computing devices pursuant to subpart J of 
part 15 of FCC rules, which are deSigned to provide reasonable protection 
against radio frequency interference. Operation of this equipment in other en­
vironments may cause interference with radio communications, in which case 
the user at his own expense will be required to take whatever measures may 
be required to correct this interference. 

TI is a trademark of Texas Instruments Incorporated. 
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Chapter 1 

Hardware 

The SLVP097 Buck Converter Evaluation Module (SLVP097) provides a 
method for evaluating the performance of a buck converter using the TL5001 
pulse-width-modulation (PWM) controller coupled with a TPS2817 MOSFET 
driver. This manual explains how to construct basic power conversion circuits 
including the design of the control chip functions and the basic loop. This chap­
ter includes the following topics: 

Topic Page 
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Introduction 

1.1 Introduction 

Low cost and design simplicity make buck converters popular solutions in del 
dc step-down applications where lack of isolation from the input source is not 
a concern. Loop compensation for the buck converter can be set for high band­
widths. This mode is desirable for the low peak-to-average current ratio, eas­
ing the component worst-case design parameters. 

Figure 1-1 shows a block diagram of a typical buck converter. The converter 
passes a duty-cycle modulated waveform through a low-pass output filter. To 
maintain the desired output voltage, a controller senses the output voltage, 
compares it to an internal reference voltage and adjusts the width of the power 
switch (Q1) on time, . A com mutating diode (CR1) maintains continuous 
current through the inductor when the power switch is tumed off. 

Figure 1-1. Typical Buck Converter Block Diagram 

Q1 L1 

FB~------~------. 

R2 

The SLVP097 buck converter uses the TI TL5001 PWM controller and the 
TPS2817 MOSFET driver to give a 0- to 2.5-A output with a selectable output 
voltage of either 3.3 V or 5 V. The converter operates over an input voltage 
range of 5.5 V to 12 V with a typical efficiency of 90 percent. Chapter 2 lists full 
design specifications. 

, 

Note: Peak currents in excess of 2.5 A may be obtained from this EVM, 
but due to thermal restraints, should not be subtained. This EVM shuts 
down when a short circuit Is encountered. Input power must be re­
cycled to restart the module. 



1.2 Schematic 

Figure 1-2 shows the SLVP097 schematic. 

Figure 1-2. SLVP097 Schematic 
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t Input voltage range for 3.3 V output. When using 5-V output, minimum input voltage must be greater than 5.5 V. 
Notes: 1) Frequency set to 275 kHz by R3. 

2) This unit and the components are thermally rated to 2.5 A. The output current should not exceed 2.5 A unless 
proper thermal management is put in place. 

3) DO NOT change the set output voltage jumper (JP1) while power is applied to the unit. 
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1.3 Input/Output Connections 

Figure 1-3 shows the SLVP097 input and output connections. 

Figure 1-3.//0 Connections 

Notes: 1) The input power supply should be rated at least 3 A with current limit set high enough for proper operation. 

2) The load should be rated at least 2.5 A with proper power dissipation. Fixed or variable resistors may be used. 
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1.4 Board Layout 

Figures 1-4 through 1-6 show the SLVP097 board layout. 

Figure 1-4. Board Layout 

1.6" 

~~--------- 2.4" -----------*l~ 

Figure 1-5. Top Layer 

1.6" 

14~--------- 2.4" -----------.t.1 
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Board Layout 

Figure 1-6. Bottom Layer 
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Bill of Material 

1.5 Bill of Material 

Table 1-1 lists materials required for the SLVP097. 

Table 1-1. Bill of Materials 

Reference Part Number Mfr Description 

C1 20SA100M Sanyo Capacitor, Os-Con, 100 !-IF, 20 V, F-case 
C2 Capacitor, Ceramic, 0.1 !-IF, 50 V, 1206 
C3 Capacitor, Ceramic, 0.1 !-IF, 50 V, 1206 
C4 Capacitor, Ceramic, 1000 pF, 50 V, 1206 
C5 10SA220M Sanyo Capacitor, Os-Con, 220 !-IF, 10 V, F-case 
C6* 10SA220M Sanyo Capacitor, Os-Con, 220 !-IF, 10 V, F-case 
C7 Capacitor, Ceramic, 0.1 !-IF, 50 V, 1206 
C8 Capacitor, Ceramic, 0.1 !-IF, 50 V, 1206 
C9 Capacitor, Ceramic, 0.1 !-IF, 50 V,1206 
C10 ECS-T1 EY1 05R Digikey Capacitor, Tantalum, 1.0 !-IF, 25 V, 1206 
C11 Capacitor, Ceramic, 1000 pF, 50 V, 1206 
C12 Capacitor, Ceramic, 0.047 !-IF, 50 V, 1206 
C13 Capacitor, Ceramic, 0.Q18 !-IF, 50 V, 1206 
CR1 30WQ04FN IR Diode, Schottky, 3.3 A, 40 V, D-Pak 
J1 Header, 4-pin, 0.025" sq x 0.100" centers 
J2 Header, 4-pin, 0.025" sq x 0.100" centers 
JP1 Header, 3-pin, 0.025" sq x 0.100" centers 
L1 SLF12565-330M2R8 TDK Inductor, 33 !-IH, 2.8 A, 0.041 Q, 0.50" square 
Q1 IRF7406 MOSFET, P-Ch, 30 V, 0.045 Q, 4.7 A, SO-8 
R1 Resistor, CF, 22 Q, 1/10 W, 5%, 1206 
R2 Resistor, CF, 47 kQ, 1/10 W, 5%, 0805 
R3 Resistor, MF, 30.1 kQ, 1110 W, 1%,0805 
R4 Resistor, CF, 1.8 kQ, 111 0 W, 5%, 0805 
R5 Resistor, CF, 330 Q, 1110 W, 5%, 0805 
R6 Resistor, MF, 4.02 kQ, 1/10 W,1%, 0805 
R7 Resistor, MF, 1.00 kQ, 1/10 W, 1%,0805 
R8 Resistor, MF, 732 Q, 1/10 W, 1%,0805 
R8A* CT9W102-ND Digikey Potentiometer,1 kQ, 10%, 18-turn, 9mm-

square 
U1 TPS2817DBV TI MOSFET driver, non inverting, single channel, 

-SOT-25 
U2 TL5001CD TI PWM controller, SO-8 

Shunt, standard profile 
SLVP097 TI PCB, TPS2817 EVM, 2.40" x 1.60" 

• Optional parts not on present board. 

Hardware 6-49 



Test RBSU/ts 

1.6 Test Results 

Figures 1-7 through 1-11 show test results for the the SLVP097. 

Figure 1-7. Output Voltage Vs Output Cu"ent (3.3-V Mode) 
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Figure 1-8. Output Voltage Vs Output Cu"ent (5-V Mode) 
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Figure 1-9. Output Voltage Vs Supply Voltage (3.3-V Mode) 
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Figure 1-10. Output Voltage Vs Supply Voltage (5-V Mode) 
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Test Results 

Figure 1-11. Efficiency Vs Output Current (5-V Mode) 
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Chapter 2 

Design 
Procedure 

The SLVP097 evaluation module provides a method for evaluating the perfor­
mance of the TPS2817 MOSFET driver and the TL5001 PWM controller. The 
TPS2817 contains all of the circuitry necessary to drive large MOSFETs, in­
cluding a voltage regulator for higher voltage applications. This section ex­
plains how to construct basic power conversion circuits including the design 
of the control chip functions and the basic loop. This chapter includes the fol­
lowing topics: 

Topic Page 
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Introduction 

2.1 Introduction 
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The SLVP097 is a dc-dc buck converter module that provides a 5-V or 3.3-V 
output at up to 2.5 A with an input voltage range of 5.5 V to 12 V. The controller 
is a TL5001 PWM operating at a nominal frequency of 275 kHz. The TL5001 
is configured for a maximum duty cycle of 100 percent and has short-circuit 
protection built in. Output voltage selection is implemented with jumper JP1. 



Operating Specifications 

2.2 Operating Specifications 

Table 2-1 lists the operating specifications for the SLVP097. 

Table 2-1. Operating Specifications 

SpeCification Min Typ Max Units 

Input Voltage Range 4.5t 12.6 V 

Output Voltage Range 

5-V Mode 4.7 5.0 5.3 V 

3.3-V Mode 3.1 3.3 3.5 V 

Output Current Range 0 2.6 A 

Operating Frequency 275 kHz 

Output Ripple 50 mV 

Efficiency 85% 90% 

t For 3.3 V only. minimum input voltage for 5 V output is 5.5 V. 
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Design Procedures 

2.3 Design Procedures 

Detailed steps in the design of a buck-mode converter may be found in 
Designing With the TL5001C PWM Controller (literature number SLVA034) 
from Texas Instruments. This section shows the basic steps involved in this 
deSign, using the 3.3-V output mode. 

2.3.1 Duty Cycle Estimate 

2.3.2 Output Filter 

The duty cycle for a continuous-mode step-down converter is approximately: 

0= Vo +Vd 
VI - VSAT 

Assuming the commutating diode forward voltage Vd = 0.5 V and the power 
switch on voltage VSAT= 0.1 V, the duty cycle for Vj = 5.5,9, and 12 V is 0.70, 
0.42, and 0.32, respectively. 

A buck converter uses a single-stage LC filter. Choose an inductor to maintain 
continuous-mode operation down to 6 percent of the rated output load: 

~IO = 2 x 0.06 x 10 = 2 x 0.06 x 2.5 = 0.30 A 

The inductor value is: 

(VI - VSAT - Vo) x 0 x t 
L = ~I o 

(12 - 0.1 - 3.3) x 0.32 x (3.63 x 10-6) 
= 0.30 = 33.3 ILH 

Assuming that all of the inductor ripple current flows through the capacitor and 
the effective series resistance (ESR) is zero, the capacitance needed is: 

~I 
C = 0 = 0.3 = 2.73 ILF 

8 x f x (~VO) 8 x (275 x 103) x 0.05: 

Assuming the capacitance is very large, the ESR needed to limit the ripple to 
50mVis: 

~V 
ESR = ~ = 0.05 = 0.167 g 

~IO 0.3 

The output filter capacitor should be rated at least ten times the calculated 
capacitance and 30-50 percent lower than the calculated ESA. This design 
used a 220-ILF OS-Con capacitor in parallel with a ceramic to reduce ESA. 

2.3.3 Power Switch 

Based on the preliminary estimate, rOS(ON) should be less than 0.1 0 V + 2.5 A 
= 40 mg. The IRF7406 is a 30-V p-channel MOSFET with rOS(ON) = 40 mg. 
Power dissipation (conduction + switching losses) can be estimated as: 

Po = (16 x rDS(ON) x D) + (0.5 x Vi x 10 x tr+f x f) 



2.3.4 Rectifier 

Design Procedures 

Assuming total switching time, tr+f' = 100 ns, a 55°C maximum ambient tem­
perature, and rOS(ON) adjustment factor (for high temperature) = 1.6, then: 

PD = [2.52 x (0.04 x 1.6) x 0.7] 

+ [0.5 x 5.5 x 2.5 x (0.1 x 10-6) x (275 x 103)] = 0.41 W 

The thermal impedance RaJA = 90°C/W for FR-4 with 2-oz. copper and a one­
inch-square pattern, thus: 

T J = T A + (RaJA x P D) = 55 + (90 x 0.41) = 92°C 

The catch rectifier conducts during the time interval when the MOSFET is off. 
The 30WQ04 is a 3.3-A, 40-V rectifier in- a D-Pak power surface-mount 
package. The power dissipation is: 

PD = 10 x VD(1 - DMin) = 2.5 x 0.6 x 0.68 = 1.02 W 

2.3.5 Snubber Network 

A snubber network is usually needed to suppress the ringing at the node where 
the power switch drain, output inductor, and the rectifier connect. This is 
usually a trial-and-error sequence of steps to optimize the network; but as a 
starting pOint, select a snubber capaCitor with a value that is 4-1 0 times larger 
than the estimated capacitance of the catch rectifier. The 30WQ04 has a 
capacitance of 110 pF, resulting in a snubber capaCitor of 1000 pF. Then, 
measuring a ringing time constant of 20 ns, R is: 

R = 20 x 104:1 = 20 x 104:1 = 20 Q 
C 1000 x 10-12 

A 22-0 resistor is used in the design. 

2.3.6 Controller Functions 

The controller functions, oscillator frequency, soft-start, dead-time control, 
short-circuit protection, and sense-divider network are discussed in this 
section. 

The oscillator frequency is set by selecting the resistance value from the graph 
in Figure 6 of the TL5001 data sheet. For 275 kHz, a value of 30.1 kQ is 
selected. 

Dead-time control provides a minimum off-time for the power switch in each 
cycle. Set this time by connecting a resistor between DTC and GND. For this 
deSign, a maximum duty cycle of 100% is chosen. Then R is calculated as: 

R = (ROSC + 1.25 kQ)[ D(VO(1 00%) - VO(o%Y + VO(O%)] 

= (30.1 kQ + 1.25 kQ)[1 (1.4 - 0.6) + 0.60] = 44 kQ => 47 kQ 
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Design Procedures 

Soft-start is added to reduce power-up transients. This is implemented by 
adding a capacitor across the dead-time resistor. In this design, a soft-start 
time of 5 ms is used: 

t 
C = -1L = 0.005 s = 0 1 J.tF 

ROT 47 kg . 

The TL5001 has short circuit protection (SCP) instead of a current sense cir­
cuit. If not used, the SCP terminal must be connected to ground to allow the 
converter to start up. If a timing capacitor is connected to SCP, it should have 
a time constant that is greater than the soft-start time constant. This time 
constant is chosen to be 75 ms: 

C(J.tF) = 12.46 x tscp = 12.46 x 0.075 s = 0.93 J.tF 

2.3.7 Loop Compensation 

6-58 

Loop compensation is necessary to stabilize the converter over the full range 
of load, line, and gain conditions. A buck-mode converter has a two-pole LC 
output filter with a 40-dB-per-decade rolloff. The total closed-loop response 
needed for stability is a 20-dB-per-decade rolloff with a minimum phase margin 
of 30 degrees over the full bandwidth for all conditions. In addition, sufficient 
bandwidth must be designed into the circuit to assure that the converter has 
good transient response. Both of these requirements are, met by adding 
compensation components around the error amplifier to modify the total loop 
response. 

The first step in design of the loop compensation network is the design of the 
output sense divider. This sets the output voltage and the top resistor 
determines the relative size of the rest of the compensation design. Since the 
TL5001 input bias current is 0.5 J.tA (worst oase) , the divider current should be. 
at least 0.5 mAo Using a 1-kg resistor for the bottom of the divider gives a 
divider current of 1 mAo Since this is a dual-voltage output, the divider must be 
selectable. For a 5-V output, the divider was set for 1 kg and 4 kg. The bottom 
of the divider is calculated for the 3-V mode as: 

R 
R = T = 34.3~1 = 1.74 kg 

Vo - VREF 

The pulse-width modulator gain can be approximated as the change in output 
voltage divided by the change in PWM input voltage: 

IN 
ApWM = AVC~MP = 1.~:g.6 = 11.25=21 dB 

The LC filter has a double pole at: 

1r.-;:;- = 1.87 kHz 
2ltv'LC 

and rolls off at 40-dB per decade after that until the ESR zero is reached at: 

1 = 1 = 26.8 kHz 
2ltRESRC 2lt(0.027)(220 x 10-6) 



Design Procedures 

This information is enough to calculate the required compensation values. 
Figure 2-1 shows the power stage gain and phase plots. 

Figure 2-1. Power Stage Response 
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Figure 2-2 shows the required error amplifier compensation response. 

Figure 2-2. Required Compensation Response 

BODE PLOT 

I 
III 
." 
I 
c 

~ 

40 

35 i\ 

30 

25 

20 

15 

10 

5 

0 

-5 
10 

~ 

\ , 

,../ 

I 

I 

~ 
I 

-
103 

Frequency - Hz 

"'\ 

" I 

This response can be met with the following: 
o A pole at zero to give high de gain 
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o Two zeroes at 1.87 kHz to cancel the LC poles 
o A pole at 26.8 kHz to cancel the ESA zero 

i 
! 
I 
I 
I 

! .c 
II. 

o A final pole to roll off high-frequency gain above 100 kHz 
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The sum of the gains of the modulator, the LC filter, and the error amplifier 
needs to be 0 dB at the selected unity-gain frequency of 20 kHz. The modulator 
and LC filter gain is -14 dB. The two zeroes at 1.87 kHz in the compensation 
network that cancels the LC poles will have a total gain of 41.2 dB at 20 kHz. 
Therefore, the pole at zero frequency needs to fumish 0-(-14+41.2) = 
-27.2 dB (voltage gain = 0.04365) at 20 kHz. R5 and C12 provide this pole. 
R6 is already chosen as 4 kQ. Calculate C12 as: 

C12 + C11 = (2,.;)(f)(R6)(R!qUired Gain) 

In practice C12 is much greater than C11, therefore: 

C12 = (2,.;)(20 kHZ)(~ kg)(O.04365) = 0.045 I1F Use C12 = 0.047 I1F 

R4 provides the first zero at the LC break point: 

1 
R4 = (2,.;)(1.87 kHz)(C12) = 1.89 kg Use R4 1.8 kg 

C13 provides the other zero at the LC break point: 

1 _ 1 
C13 = (1.87 kHz) (20 kHz) = 0019 F 

2:n:(R6) . 11 Use C13 = 0.018 I1F 

R5 provides the compensation for the ESR zero: 

R5 = (2:n:)(26.8 ~HZ)(C13) = 330 g 

Finally, C11 provides a rolloff filter at high frequency, chosen at 100 kHz: 

C11 = (2,.;)(1001kHZ)(R4) = 0.00088 I1F Use C11 = 1000 pF 



Tone Control Evaluation Module 
User's Guide 

Uterature Number: SLOU031 
January 1999 

• TEXAS 
INSTRUMENTS PrInted on Recycled Paper 

6-61 



IMPORTANT NonCE 

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue 
any product or service without notice, and advise customers 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 acknowledgement, including those 
pertaining to warranty, patent infringement, and limitation of liability. 

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in 
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent 
TI deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily 
performed, except those mandated by government requirements. 
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TI assumes no liability for applications assistance or customer product design. TI does not warrant or represent 
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Preface 

Related Documentation From Texas Instruments 

FCC Warning 

• TI Plug-N-Play Audio Amplifier Evaluation Platform (literature 
number SLOU011) provides detailed information on the evaluation 
platform and its use with TI audio evaluation modules. 

• TLC2274 Advanced LinCMOS RAIL-TO-RAIL OPERATIONAL 
AMPLIFIERS (literature number SLOS190) This is the data sheet 
for the TLC2274 Quad operational amplifier integrated circuit used 
in the Tone Control EVM. 

• TLV2231 Advanced LinCMOS RAIL-TO-RAIL LOW-POWER 
SINGLE OPERATIONAL AMPLIFIER (literature number 
SLOS158) This is the data sheet for the TLV2231 operational 
amplifier integrated circuit used in the Tone Control EVM. 

This equipment is intended for use in a laboratory test environment only. It generates, uses, and 
can radiate radio frequency energy and has not been tested for compliance with the limits of 
computing devices pursuant to subpart J of part 15 of FCC rules, which are designed to provide 
reasonable protection against radio frequency interference. Operation of this eqUipment in other 
environments may cause interference with radio communications, in which case the user at his 
own expense will be required to take whatever measures may be required to correct this 
interference. 

Trademarks 

TI is a trademark of Texas Instruments Incorporated. 
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Chapter 1 

Introduction 

This chapter provides an overview of the Texas Instruments (TITM) Tone 
Control Evaluation Module (SLOP109). It includes a list of EVM features, a 
brief description of the module illustrated with a pictorial diagram, and a list of 
EVM specifications. 
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Feature Highlights 

1.1 Feature Highlights 

6-68 

The TI Tone Control Evaluation Module and the TI Plug-N-Play Audio Amplifier 
Evaluation Platform include the following features: 

o Tone Control Evaluation Module 

• Individual slide pots for left and right channel volume control 

• Individual slide pots for bass and treble - the bass control adjusts 
both channels simultaneously and the treble control adjusts both 
channels simultaneously 

• 20-d8 cut and 15-d8 boost for both bass and treble 

• 3.3-V and 5-V operation 

o Quick and Easy Configuration with The TI Plug-N-Play Audio Amplifier 
Evaluation Platform 

• Evaluation module is designed to simply plug into the platform, 
automatically making all signal, control, and power connections 

• Platform provides flexible power options 

• Jumpers on the platform select power and module control options 

• Switches on the platform route signals 

• Platform provides quick and easy audio input and output connections 

o Platform Power Options 

• External5-V -15-V DC Vee supply inputs 

• External regulated Voo supply input 

• Socket for onboard 5-V/3.3-V VDO voltage regulator EVM 

• Onboard overvoltage and reverse polarity power protection 

o Platform Audio Inpu1 and Output Connections 

• Left and right RCA phono jack inputs 

• Miniature stereo phone jack inpu1 

• Left and right RCA phono jack outputs 

• Left and right compression speaker terminal outputs 

• Miniature stereo headphone jack output 

Introduction 



1.2 Description 

Description 

The Tone Control Evaluation Module is a complete audio volume level and 
base and treble control board that is designed primarily for use with the TI 
Plug-N-Play Audio Amplifier Evaluation Platform. It consists of separate slide 
pots for the right- and left-channel volume control, a slide pot for controlling the 
bass response of both channels, a slide pot for adjusting the treble response 
of both channels, a single-channel operational amplifier IC, a quad operational 
amplifier IC, and a small number of passive components mounted on a circuit 
board that measures approximately 21/4 inches by 13/4 inches (Figure 1-1). 

Figure 1-1. The Tone Control Evaluation Module 
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Single in-line header pins extend from the underside of the module circuit 
board to allow the EVM to be plugged into the TI Plug-N-Play Audio Amplifier 
Evaluation Platform, orto be wired directly into existing circuits and equipment 
when used stand-alone. 

The platform, with room for a single tone control evaluation module, is a 
convenient vehicle for evaluating Tl's audio power amplifier and related 
evaluation modules. The EVMs simply plug into the platform, which 
automatically provides power to the modules, interconnects them correctly, 
and connects them to a versatile array of standard audio input and output jacks 
and connectors. Easy-to-use configuration controls allow the platform and 
EVMs to quickly model many possible end-equipment configurations. 

There is nothing to build, nothing to solder, and nothing but the speakers 
included with the platform to hook up. 
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Tone Control EVM SpecifICations 

1.3 Tone Control EVM Specifications 

Supply voltage range, Voo ............................................... 3 V to 5.5 V 
Supply current, 100 ..................................................... 6.85 rnA max 
Audio input voltage, VI .................................................... 4 Vpp max 
Audio output voltage, Vo .................................................. 4 Vpp max 
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Chapter 2 

Quick Start 

Follow the steps in this chapter to quickly prepare the Tone Control EVM for 
use. Using the Tone Control EVM with the TI Plug-N-Play Audio Amplifier 
Evaluation Platform is a quick and easy way to connect power, signal, and 
control inputs, and signal outputs to the EVM using standard connectors. 
However, the Tone Control EVM can be used stand-alone by making 
connections directly to the module pins, and can be wired into existing circuits 
or equipment. 
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Precautions 

2.1 Precautions 

Figure 2-1. Quick Start Platform Map 
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Quick Start List for Platform 

2.2 Quick Start List for Platform 

Follow these steps when using the Tone Control EVM with the TI Plug·N·Play 
Audio Amplifier Evaluation Platform (see the platform user's guide, SLOU011, 
for additional details). Numbered callouts for selected steps are shown in 
Figure 2-1, and details appear in Chapter 3. 

o Platform preparations 

1) Ensure that all external power sources are setto OFFand thatthe platform 
power switch 81 is set to OFF. 

2) Install the tone control module in the Signal Conditioning platform socket 
U1, taking care to align the module pins correctly. 

3) Set switch 82 to ONto select signal conditioning by the Tone Control EVM. 

4) Install power amplifiers and/or a headphone amplifier module in the 
appropriate platform sockets (see the amplifier module User's Guide for 
details). 

5) Set platform jumpers and switches in accordance with the user's guide for 
each amplifier module installed on the platform. 

o Power supply 

6) Select and connect the power supply (ensure power supply is setto OFF): 

a) Connect an external regulated power supply setto 5 V to platform VOO 
power input connector JS taking care to observe marked polarity, 

or 

b) Install a voltage regulator EVM (SLVP097 or equiv.) in platform socket 
US. Connect a 7 V -12 V power source to a platform Vee power input 
J1 or J2 and jumper the appropriate power input (see platform user's 
guide). 

o Inputs and outputs 

7) Ensure that the audio signal source level is set to minimum. 

8) Set the EVM right and left volume slide pots to minimum. 

9) Connect the audio source to left and right RCA phono jacks J3 and J5 or 
stereo miniature phone jack J4. 

10) Connect 3-0 - 8-0 speakers to left and right RCA jacks J7 and J9 or to 
stripped wire speaker connectors J8, or plug headphones into J10. 

o PowerUp 

11) Verify correct voltage and input polarity and set the external power supply 
to ON. If Vee and an on board regulator EVM are used to provide Voo, set 
platform power switch 81 to ON. 

Platform LED2 should light indicating the presence of Voo, and the evaluation 
modules installed on the platform should begin operation. 

12) Adjust the signal source and Tone Control EVM audio levels as needed. 
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Quick Start List for Stand-Alone 

2.3 Quick Start List for Stand-Alone 

Follow these steps to use the Tone Control EVM stand-alone or when 
connecting it into existing circuits or eqUipment. Connections to the tone 
control module header pins can be made via individual sockets, wire­
wrapping, or soldering to the pins, either on the top or the bottom of the module 
circuit board. The Tone Control EVM is shown in Figure 2-2 and details appear 
in Chapter 3. 

Figure 2-2. Quick Start Module Map - Stand-Alone 
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o Power supply 

1) Ensure that all external power sources are set to OFF. 

2) Connect an external regulated power supply set to 5 V to the module VDD 
and GND pins taking care to observe marked polarity. 

o Inputs and outputs 

3) Ensure that audio signal source level adjustments are set to minimum. 

4) Set the Tone Control EVM volume slide pots to minimum. 

5) Connect the audio source to the module R IN and L IN pins, taking care 
to observe marked polarity. 

o PowerUp 

6) Verify correct voltage and input polarity and set the external power supply 
to ON. 

The EVM should begin operation. 

7) Adjust the signal source and Tone Control EVM audio levels as needed. 

Quick Start 



Chapter 3 

Details 

This chapter provides details on the Tone Control EVM, the steps in the Quick­
Start List, additional application information, and a parts list for the Tone Con­
trol evaluation module. 
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Precautions 

3.1 Precautions 

Figure 3-1. The TI Plug-N-Play Audio Amplifier Evaluation Platform 
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The Tone Control Evaluation Module 

3.2 The Tone Control Evaluation Module 

The Tone Control Evaluation Module provides a convenient way to control the 
audio volume and the tonal response of audio amplifier EVMs plugged into the 
TI Plug-N-Play Audio Amplifier Evaluation Platform. Tone controls allow the 
frequency response of the audio system to be adjusted to compensate for the 
response of speakers and their enclosures, or to simply provide a more 
pleasing sound. A pair of slide pots adjusts the volume of each channel 
independently, while a single slide pot adjusts the bass response of both 
channels simultaneously and another slide pot adjusts the treble response of 
both channels. The module provides a gain of 2 at the maximum volume 
setting when both tone controls are at their midpoints (flat). 

Although the Tone Control EVM is designed to be used with the TI Plug-N-Play 
Audio Amplifier Evaluation Platform (Figure 3-1), it can be wired directly into 
circuits or equipment. The module has single in-line header connector pins 
mounted to the underside of the board. These pins allow the module to be 
plugged into the TI platform, which automatically makes all the signal input and 
output, power, and control connections to the module. 

The module connection pins are on O.1-inch centers to allow easy use with 
standard perf board and plug board-based prototyping systems. Or, the EVM 
can be wired directly into existing circuits and equipment when used 
stand-alone. 

The module appears in Figure 3-2 and its schematic is shown in Figure 3-3. 

Figure 3-2. Tone Control EVM 
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The Tone Control Evaluation Module 

Figure 3-3. Tone Control EVM Schematic Diagram 

VDD 

R3 
20kn 

R4 
20kn 

GND 

-::-

mid 

mid 

Lin 

mid 

6-78 

mid 

-::-

R19 
C7 10kn 

0.033J1F 

R14 

R10A 
10kn 

100kn 

R12 

R15 
10kn 

R10B 
100kO 

VDD 

C5 
0.1 I1F T 

R16 
3.3kn 

R17 
2.2kn 

U1 =nC2274 
Quad Op-Amp 

U2=nV2231 
Single OpoAmp 

C15 
1.0l1F 

tr·~ R19 
100kn 

C16 
1.0 J1F 

trLOut 
R20 

100kn 

The Tone Control EVM is a variation of the classic and very popular Baxandall 
negative feedback tone control. This circuit allows a range of adjustment from 
cut, through flat, to boost In bass response with a single potentiometer. 
Another potentiometer provides the same range of adjustment for the treble 
response. The component values indicated in the schematic provide the 
response curve shown in Figure 3-4. Each of the tone adjusting 
potentiometers is a dual unit, allowing the simultaneous adjustment of both 
channels with a single control. A separate volume control for each channel 
allows the adjustment of balance between the channels as well as volume. 

A single TLC2274 quad rail-to-rail operational amplifier IC contains all the 
amplifiers required for both channels. A TLV2231 operational amplifier IC is 
connected to provide a midpoint voltage (and signal ground) for proper 
operation of the TLC2274. 
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The Tone Control Evaluation Module 

Figure 3-4. Tone Control Evaluation Module Frequency Response 
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3.2.1 Tone Control EVM Circuit Description 

Each of the two separate channels on the Tone Control EVM is basically an 
active filter built around an IC operational amplifier. An active filter design was 
chosen over a passive filter circuit because active filters have the 
frequency-response adjusting components located in the feedback loop of the 
filter amplifiers, providing much lower THO, little or no insertion loss, and a 
symmetrical response about the axis in both boost and cut, compared with 
most passive designs. Each channel also includes an input buffer amplifier to 
provide some gain, isolation from source impedance variations, signal 
inversion, and a low-impedance drive for the filter circuit. 

A block diagram of the right channel of the Tone Control EVM is shown in 
Figure 3-5. The left channel is identical. 

Figure 3-5. Tone Control EVM Block Diagram 
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The input buffer amplifier provides a gain of approximately 2 (RF/R'N) with the 
resistor values installed on the module. Input capacitor C1 blocks DC and sets 
the overall low-frequency rolloff of the EVM at approximately 16 Hz with the 
installed value of 2.2 IlF. Volume control R1 has an audio taper to provide a 
perceived response in volume that is proportional to the physical position of 
the slider and gives an adjustment range at the output of the buffer amplifier 
of from 0 V to approximately 2X the audio signal input voltage. 
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The Tone Control Evaluation Module 

The tone adjusting action in each channel of the Tone Control EVM is provided 
by an equalized amplifier (or active filter) created by placing a frequency­
dependent negative feedback network around an operational amplifier. 
Almost any overall gain-versus-frequency characteristic can be defined by the 
design of the feedback network. 

The EVM provides the familiar Hi-Fi tone control, in which the low audio 
frequencies can be boosted or cut approximately 20 dB with the bass control 
and the high audio frequencies can be boosted or cut approximately 20 dB with 
the treble control. Middle frequencies are not affected by the tone controls. An 
overall flat response (no boost or cut at frequency extremes) is obtained when 
the tone controls are at their mid-point position. 

3.2.2 Tone Control EVM Frequency Response 

The overall Tone Control EVM frequency response can be shifted up or down 
by changing the values of capacitors C7, Cg, C11, and C12 in the tone 
adjusting networks on the module. Care must be taken, however, because the 
surface-mount solder pads on the board are somewhat fragile and will not 
survive a large number of soldering/desoldering operations. 

To shift the EVM frequency response downward, for example, increase the 
values of the capacitors in the tone adjusting networks. Doubling the values 
of C7, Cg, C11, and C12 shifts the break frequency downward a full octave 
(Case B, Figure H). Conversly, halving the values of C7, Cg, C11, and C12 
shifts the break frequency upward a full octave. . 

Note that to keep the boost and cut break frequencies the same, the value of 
C7 must equal that of Cg, and the value of C11 must equal that of C12. In 
addition, although the bass and treble break frequencies can be adjusted 
separately if desired, to maintain the overall shape and symmetry of the 
response, all four capacitors must be increased or decreased by the same 
factor. 

Figure ~. Bass and Treble Tone Control Response 
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Using The Tone Control EVM With the Plug-N-Play Evaluation Platform 

3.3 Using The Tone Control EVM With the Plug-N-Play Evaluation Platform 

The Tone Control Evaluation Module was designed to be used with the TI 
Plug-N-Play Audio Amplifier Evaluation Platform. It simply plugs into socket 
U1. 

The following paragraphs provide additional details for using the Tone Control 
EVM with the platform. 

3.3.1 Installing and Removing EVM Boards 

TI Plug-N-Play evaluation modules use single-in-line header pins installed on 
the underside of the module circuit board to plug into sockets on the platform. 
The EVM pins and the platform sockets are keyed such that only the correct 
type of EVM can be installed in a particular socket, and then only with the 
proper orientation. 

Evaluation modules are easily removed from the platform by simply prying 
them up and lifting them out of their sockets. Care must be taken, however, 
to prevent bending the pins. 

3.3.1.1 EVM Insertion 

1) Remove all power from the evaluation platform. 

2) Locate the appropriate socket on the platform. 

3) Orient the module correctly. 

4) Carefully align the pins of the module with the socket pin receptacles. 

5) Gently press the module into place. 

6) Check to be sure that all pins are seated properly and that none are bent 
over. 

3.3.1.2 EVM Removal 

1) Remove all power from the evaluation platform. 

2) Using an appropriate tool as a lever, gently pry up one side of the module 
a small amount. 

3) Change to the opposite side of the module and use the tool to pry that side 
up a small amount. 

4) Alternate between sides, prying the module up a little more each time to 
avoid bending the pins, until it comes loose from the socket. 

5) Lift the EVM off of the platform. 
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Using The Tone Control EVM With the Plug-N-Play Evaluation Platform 

3.3.2 Signal Routing 

Signal flow on the platform is controlled by two signal routing switches, as 
shown in Figure 3-7. 

Figure 3-7. Platform Signal Routing and Outputs 
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3.3.2.1 Signal Conditioning 

The Tone Control EVM plugs into the Signal Conditioning socket (U1) on the 
platform. The audio signal from the platform input jacks can be applied to the 
signal conditioning socket (U1) or can bypass socket U1 as determined by 
conditioning switch S2. 

o Switch S2 selects the tone control signal conditioning or bypasses it 

3.3.2.2 Headphone Output Jack 
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Switch S3 is the source selectfor the stereo headphone output jack, J 10. The 
headphone jack is capacitively coupled (via 470 J.LF electrolytics) and can 
output either the signal from the headphone amplifier in socket U5, or the 
signal from the power amplifier installed in sockets U2 - U4, as determined 
by the setting of headphone source select switch S3. 

When S3 is set to the power amplifier position (U2 - U4), the headphone jack 
is connected to the power amplifier OUT + output lines. When a plug is inserted 
into the jack, signals output through J10 are returned to platform ground, 
requiring single-ended power amplifier operation. A switch inside the 
headphone jack produces a control signal that can be routed to the power 
amplifier socket to shut down the power amplifier EVM or switch it to 
single-ended output mode when a plug is inserted. 

See the User's Guide for the power amplifier and/or the headphone amplifier 
installed on the platform for information on the correct setting of switch S3. 
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Using The Tone Control EVM With the Plug-N-Play Evaluation Platform 

3.3.3 Mute/Mode/Etc. 

Some power amplifier EVMs have a mute or mode control input pin. This 
allows the power amplifier to enter the mute state for decreased power 
consumption or to switch output modes in response to a control signal applied 
to this pin. 

In typical applications, as often found in notebook computers, portable audio 
products, and such, the internal speakers mute when headphones are 
plugged into the headphone jack, or internal speakers mute when external 
speakers are connected. In applications using separate speaker and 
headphone amplifiers, the power amplifier can be shut down (muted) to 
conserve power when the headphone amplifier is in use. 

Output mode switching allows some power amplifier EVMs to operate in the 
bridge-tied load (BTL) output mode for increased power to internal speakers 
and then switch to single-ended mode to drive headphones when a plug is 
inserted into the headphone jack, eliminating the need for a separate 
headphone amplifier. 

The platform is equipped with mute/mode control signal select and polarity 
jumpers and a headphone source switch to provide the maximum flexibility in 
configuring the operation of the various power amplifier and headphone 
amplifier EVMs that might be installed on the platform. See the User's Guide 
for the power amplifier and/or the headphone amplifier installed on the 
platform for information on the correct settings of platform mute, mode, 
polarity jumpers, and the platform headphone source switch. 
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Power Requirements 

3.3.4 Power Requirements 

The Tone Control Evaluation Module can operate from any voltage between 
approximately 3 V and 5.5 V. For best performance (highest output power with 
lowest distortion), the module should be operated at approximately 5 V unless 
there is a specific reason for operating it from a lower voltage. 

The TI Plug-N-Play Audio Amplifier Evaluation Platform with a voltage 
regulator EVM installed on it can provide a regulated Voo supply from a wide 
variety of unregulated Vee voltage inputs between approximately 5.5 V and 
12 V, including an on board 9 -V battery. Or, an external regulated power source 
can be used to supply Voo voltage to the platform and the tone control 
evaluation module installed on it. 

Although the Tone Control EVM draws a very small amount of current from the 
supply, power amplifiers installed on the platform can draw as much as 
approximately 2 A from the power supply during continuous full power output. 
Any power supply connected to the platform should be capable of providing 
adequate current to the power amplifier installed on the platform to avoid 
clipping of the output Signal during peaks. Current consumption driving 
speakers at normal listening levels is typically 0.5 A or less. 

The platform is equipped with overvoltage and reverse-polarity supply voltage 
input protection in the form of fused crowbar circuits. 

o Voo voltage applied to platform screw terminals J6 MUST NOT exceed 
the absolute maximum rating for any EVM installed on the platform, or 
damage may result. In no case should Voo voltage ofthe incorrect polarity 
or in excess of 6.1 V be applied to screw terminals J6 of the platform, or 
the power protection circuit on the Voo line will trip. 

o Vee voltage applied to the platform MUST NOT exceed the maximum 
voltage input specified for the voltage regulator module installed in socket 
U6 (12 V for the SLVP097), or damage to the voltage regulator module 
may result. In no case should Vee voltage applied to the platform exceed 
15 V, or the overvoltage protection circuit on the Vee bus will trip. 

3.3.5 Inputs and Outputs 

3.3.5.1 Inputs 

3.3.5.2 Outputs 
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The TI Plug-N-Play Audio Amplifier Evaluation Platform is equipped with 
several standard conectors for audio inputs and outputs. 

Audio signals enter the platform through either a pair of RCA phono Jacks (J3 
and J5) or a miniature (1/8") stereo phone jack (J4). The platform audio signal 
input jacks (J3, J4, and J5) are of the closed-circuit type, grounding the signal 
input lines when no plugs are inserted. 

Amplified audio output signals leave the platform through left and right RCA 
phono jacks (J7 and J9), left and right pairs of compression connectors for 
stripped speaker wires (J8), and optionally, through a miniature (1/8") stereo 
phone jack (J1 0), for headphones. 
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Using The Tone Control EVM Stand-Alone 

3.4 Using The Tone Control EVM Stand-Alone 

Using the Tone Control Evaluation Module stand-alone is much the same as 
using it with the platform. The same 5-V power supply requirement exists. 

3.4.1 Tone Control EVM Connected for Stand-Alone Operation 

Figure 3-8. Tone Control EVM Stand-Alone Operation 
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Tone Control Evaluation Module Parts Ust 

3.5 Tone Control Evaluation Module Parts List 

Table 3-1. Tone Control EVM Parts List 

Reference Description Size 
EVM Sourcel 
Qty. Part Number 

Cl, C2, C4 Capacitor, ceramic, 2.2J!F, 16 V, YV5 1206 3 TDK 
C3216Y5V1C225Z 

C3 Capacitor, ceramic, 10 J!F, 16 V, YV5 1210 TDK 
C3216Y5V1Cl06Z 

C15,C16 Capacitor, ceramic, 1 J!F, 16 V, YV5 1206 2 TDK 
C3216Y5V1Cl05Z 

C7, C8, C9, Cl0 Capacitor, ceramic 0.033 J!F, 50 V, NPO 1206 2 Digi-Key 

C5,C6 Capacitor, ceramic, 0.1 J!F, 50 V, X7R 1206 2 Digi-Key 
PCC104BCT-ND 

Cll, C12, C13, Capacitor, ceramic 3300 pF, 50 V, NPO 1206 4 Digi-Key 
C14 

Rl0,R18 Dual potentiometer, 100 kn, linear taper, 2 CTS 448XC351109 
slide control 

Rl, R2 Potentiometer, 50 kn, audio taper, slide 2 CTS 448XC3503BAN 
control 

R5, R6, R9, Rll, Resistor, CF, 10 kn, 1/8 W, 5% 1206 8 
R12, R13, R14, 
R15 

R3,R4,R7,R8 Resistor, CF, 20 kn, 1/8 W, 5% 1206 4 

R16,R17 Resistor, CF, 3.3 kn, 1/8 W, 5% 1206 2 

R19,R20 Resistor, CF, 10 kn, 1/8 W, 5% 1206 2 

Jl-J5 Header, 2 position, 100-mil centers 5 Digi-Key S1022-36ND 

Ul TLV22311DBV IC operational amplifier SOT-23 TI 

U2 TLC2274CD quad IC operational amplifier SOIC TI 

PCB PCB, Tone Control EVM TISLOP109 
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MECHANICAL DATA 

o (R-POSO-G··) 

14 PIN SHOWN 

PLASTIC SMALL-QUTLINE PACKAGE 

0.050 (1,27) 

1 r- 0.020(0,51) I ~I I 
0.014 (0,35) 'IT 0.010 (0,25) ® 

14 8 -------r-r 
--r 0.244 (6,20) 

I 0.228 (5,80) 

0.157 (4,00) 
0.150 (3,81) 

l---------.l~ 

LA 7 

rfiULiUiidiid~ t 0.010 (0,2;J 
0.069 (1,75) MAX 0.004 (0,10) 

~ DIM 
8 

0.197 

14 

0.344 

16 

0.394 
A MAX (5,00) (8,75) (10,00) 

A MIN 
0.189 0.337 0.386 
(4,80) (8,55) (9,80) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15). 
D. Falls within JEDEC MS-012 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

4040047/010/96 
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MECHANICAL DATA 

MECHANICAL INFORMATION 

DCA (R·PDSo-G**) 
48 PINS SHOWN 

PowerPADTM PLASTIC SMALL-oUTLINE PACKAGE 

,---------------1 
I I 
I 
I 
I 
I I L _______________ ~ 

o 

1~._1______________ A ______________ 2~4 

~ 
7,90 

ThennalPad 
(See Note D) 

~boooooooooooooooooooooood~ 
-r-;,20 MAX ~ ~ 

0,05 

-~0~_hL 
1~10,10 ~ 

~ DIM 
48 56 64 

A MAX 12,60 14,10 17,10 

A MIN 12,40 13,90 16,90 

4073259/A 01198 

NOTES: A. All linear dimensions are in millimeters. 
B. This drewing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15. 
D. The package thermal performance may be enhanced by bonding the thermal pad to an extemal thermal plane. 

This pad is electrically and thermally connected to the backside of the die and possibly selected leads. 
E. Falls within JEDEC MQ-I53 

PowerPAD is a trademark of Texas Instruments Incorporated. 
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MECHANICAL DATA 

MECHANICAL INFORMATION 

DGN (8-PDSo-G8) PowerPADTM PLASTIC SMALL·OUTLINE PACKAGE 

r- 1 r trsl~1 0,25@1 

,----, 
I I 
I 3,05 
I 2,95 

I I J 
,-O.,.....,...L"T'"-"T'"-..,..-..,..---.J..,....,..J 

4,98 
4,78 

C ~_4~--------L 
2,95 

Thermal Pad 
(See Note D) 

iE!i1ij E1 a~ __ ' (d+--) _~ 
eMAX ~J 1c>IO'10~ 

4073271/A04198 

NOTES: A. All linear dimensions are In millimeters. 
B. This drawing is subject to change without notice. 
C. Body dimensions Include mold flash or protrusions. 
D. The package thermal performance may be enhanced by attaching an extemal heat sink to the thermal pad. 

This pad is electrically and thermally connected to the backside of the die and possibly selected leads. The dimension of the thermal 
pad is 68 mils (height as illustrated) x 70 mils (width as illustrated) (maximum). The pad is centered on the bottom of the package. 

E. Falls within JEDEC MQ-187 

PowerPAD is a trademark of Texas Instruments Incorporated. 
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MECHANICAL DATA 

MECHANICAL INFORMATION 
DGQ (9-PDSo-G10) PowerPADTM PLASTIC SMALL-oUTLINE PACKAGE 

,----, 
I I 
I 3,05 
I 2,95 

I I J 
... O..,..,....,L-r-..,.-..,..-,...--.J!""'l""T-' 

4,98 
4,78 

Thermal Pad 
(See Note D) 

~ .~~5 --!--------L 

2,95 

__ ~(J~) _~ 
1c>IO'10~ 

4073273/A 04198 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing Is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 
D. The package thermal performance may be enhanced by bonding the thermal pad to an external thermal plane. 

This pad Is electrically and thermally connected to the backside of the die and possibly selectad leads. The dimension of the thermal 
pad is 68 mils (height as Illustrated) x 70 mils (width as Illustrated) (maximum). The pad Is centered on the bottom of the package. 

PowerPAD Is a trademark of Texas Instruments Incorporated. 
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MECHANICAL DATA 

MECHANICAL INFORMATION 

DWP (R·PDSO·G**) 
20 PINS SHOWN 

PowerPADTM PLASTIC SMALL·OUTLINE PACKAGE 

1 r-:. 0.020 (0,51) 1-$-1 0.010 (0 25) ® 1 
0.014 (0,35)·· ' . 

11 
-------r-

1-- - -I 0.419 (10,65) 

I I 0.400 (10,16) 

I 0.299 (7,59) 

I I 0.293 (7,45) 
L ____ -.J I o 

r---------I~ 

10 

l.bDDDDDDDDDL seating Plene 

0.104 (2,65) MAX 0.006 (0,15) J 
0.002 (0,05) 

~. 
DIM 

16 

A MAX 
0.410 

(10,41) 

A MIN 
0.400 
(10,16) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

20 24 

0.510 0.610 
(12,95) (15,49) 

0.500 0.600 
(12,70) (15,24) 

ThermelPad 
(SaeNote D) 

28 

0.710 
(18,03) 

0.700 
(17,78) 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 

4147575/A 04198 

D. The package thermal performance may be enhanced by bonding the thermal pad to an extemal thermal plane. 
This pad is electrically and thermally connected to the backside of the die and possibly selected leads. 

PowerPAD is a trademark of Texas Instruments Incorporated. 
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MECHANICAL DATA 

MECHANICAL INFORMATION 

NE (R-PDIP-T**) 
20 PIN SHOWN 

PLASTIC DUAL-IN-LiNE PACKAGE 

20 
0.070 (1,78) MAX 

11 

~ DIM 

A 

B 

10 

C 

J-r-,,,-,.,.-rr-r-r-TT..,.,.....,..'--"-.,.,.....-I 0.200 (5,08) MAX 

A -----+11 f_~')Y" 
seating Plane 

0.155 (3,94) 

1.-1 0.100 (2,54) 1 

0.125 (3,17) 

II ~f -::-=:::--=1 

~ j..- ~:~~! (~:~J 1 ~ 1 0.010 (0,25) ® 1 

MIN 
MAX 

MIN 
MAX 

MIN 
MAX 

16 20 

--- 0.914 (23,22) 

0.780 (19,80) 0.975 (24,77) 

--- 0.930 (23,62) 

--- 1.000 (25,40) 

0.240 (6,10) 0.260 (6,61) 

0.260 (6,60) 0.280 (7,11) 

14 8 .1C:51) MIN 
1+-___ -.1-- 0.310 (7,87) 

0.290 (7,37) 

~~ 10.2oo(5~08)MAX ----".----_-"~'-- Seating Plane f 0.155J3,94) 
0.125 (3,17) 

-..! 1.-1 0.100 (2,54) 1 -J ~ 0.021 (0,533) 1 ~ 1 0:10 (0,25) ® 1 JL 
0.015 (0,381) L.I...L-_-'--'---'--"LJ 

0.010 (0,25) NOM 

NOTES: A. All linear dimensions are in inches (millimeters). 
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B. This drawing is subject to change without notice. 
C. Falls within JEDEC M8-001 (16 pin only) 
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MECHANICAL DATA 

MECHANICAL DATA 

PWP (R-PDSo-G**) 

20 PINS SHOWN 

PowerPADTM PLASTIC SMALL-OUTLINE 

11 0,30 1-$-1 0,10 ®I 
0, 19 L-!..-'--=---~"-' 

11 
-----.,..-

,---, 
I 4,50 6,60 
I I 4,30 6,20 

""0rT"'TT"T'ILI""TT'"-n--TT-"'-.lM'l""TT"'T'I~ ~ 

~A 10 

Thermal Pad 
(See Note D) 

r6 0 0 0 0 0 0 0 0 0 3-.J: 
~ 20 MAX Q.!§ J 

, 0,05 

~ r:i'\,--+-_~ seaUng Plane _ ~ 

1 =-1 0,10 . 

~ DIM 
14 16 20 24 28 

A MAX 5,10 5,10 6,60 7,90 9,80 

A MIN 4,90 4,90 6,40 7,70 9,60 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusions. 

4073225IF 10198 

D. The package thermal performance may be enhanced by bonding the thermal pad to an external thermal plane. 
This pad is electrically and thermally connected to the backside of the die and possibly selected leads. 

E. Falls within JEDEC MQ-I53 

PowerPAD is a trademark of Texas Instruments Incorporated. 
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