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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 acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products 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 government requirements.

Customers are responsible for their applications using Tl components.

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

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Tl's publication of information regarding any third
party’s products or services does not constitute TI’s approval, warranty or endorsement thereof.

Copyright © 2000, Texas Instruments Incorporated

Printed in U.S.A by
Von Hoffmann Graphics, Inc.
Owensville, Missouri



INTRODUCTION

What you will find
inside...

Texas Instruments’ Audio Power Amplifier (APA) Data Book presents technical
information on over 40 differentiated APAs from TI. This includes product pre-
views of the soon to be released families.

An entire section on application notes gives insight into how to select APAs and
answers to frequently asked design questions. Following the application notes
section is an overview of all TI’'s APA design tools.

The Plug-n-Play EVMs and software tools are developed with one goal in mind:
Minimize Design Time. The final section contains packaging specifications, in-
cluding tape and reel dimensions for the ultra-small MSOP PowerPADTM pack-
age.

How the data book
is organized...

1) Introduction and general information

2) Class-D APA Datasheets (sorted ascending by output power)
3) Class-AB APA Datasheets (sorted ascending by output power)
4) Preliminary Class-D and Class-AB Datasheets

5) Application Notes (sorted alphabetically by title)

6) Design Tools

7) Mechanical Data

New products and
applications...

® TPA032DO0x ® Notebook PCs

® TPA2000D2 ® Multimedia Speakers
e TPAOIX2 # ® Wireless Speakers

® TPAO2x2 ® Hands-Free Car Kits
® TPA02x3 ® P.O.S. Terminals

® TPAO0211

o ® Wireless Phones

Internet/Personal Audio

TPA7x1
TPA3x1
® TPA1x2 ® Personal FM Transceivers

Where to go for
more information...

Download TI’s latest datasheets and applications notes via the internet at:
hitp://www.ti.com/sc/docs/schome.htm To provide full technical support, Texas
Instruments has a large fully-staffed technical information center available to help
you. Please turn to the last page of this data book for a complete listing of con-
tacts ready to answer your questions.
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ALPHANUMERIC INDEX

TPA005D02
TPAO05D12
TPA005D14
TPA0102
TPA0103
TPAO112
TPAO122
TPA0132
TPAO142
TPAO152
TPA0162
TPA0202
TPAO211
TPA0O212
TPA0213
TPA0O222
TPA0223
TPA0232
TPA0233
TPA0242
TPA0243
TPA0253
TPA032D01
TPA032D02
TPA032D03
TPA032D04
TPA102
TPA112
TPA122
TPA152
TPA301
TPA302
TPA311
TPA701
TPA711
TPA721
TPA1517
TPA2000D2
TPA4860
TPA4861

2-W Class-D Stereo Audio Power Amplifier ............ ..o, 2-53
2-W Class-D Stereo Audio Power Amplifier .............cciiiiiiiiiiiiiinnnn. 2-19
2-W Class-D Stereo Audio Power Amplifier ........... ... ... .. 2-25
2-W Stereo Audio Power Amplifier .............. .. i 3-313
1.75-W Three-Channel Audio Power Amplifier ........... ..., 3-277
2-W Stereo Audio Power Amplifier .............. ... i 3-349
2-W Stereo Audio Power Amplifier ............. ... ... i e 3-381
2-W Stereo Audio Power Amplifier ........... .. i i 3-413
2-W Stereo Audio Power Amplifier .............. ... i 3-441
2-W Stereo Audio Power Amplifier .................... e 3-469
2-W Stereo Audio Power Amplifier ........... ... i 3-497
2-W Stereo Audio Power Amplifier ... 3-525
2-W Mono Audio Power Amplifier ........... .. e 4-3
2-W Stereo Audio Power Amplifier ............ ... ... . i 3-565
2-W Mono Audio Power Amplifier ............. .. i 3-597
2-W Stereo Audio Power Amplifier ............... ... . i 3-607
2-W Mono Audio Power Amplifier ............ . 3-639
2-W Stereo Audio Power Amplifier ......... .. .. i 3-643
2-W Mono Audio Power Amplifier ............ .ot 3-671
2-W Stereo Audio Power Amplifier ...t e 3-675
2-W Mono Audio Power Amplifier ... 3-703
1-W Mono Audio Power Amplifier ... 3-271
10-W Class-D Mono Audio Power Amplifier ..............c.ciiiiiiiiiiiiia... 2-77
10-W Class-D Stereo Audio Power Amplifier .......... ..., 2-97
10-W Class-D Mono Audio Power Amplifier ......... ... .. .. 2-119
10-W Class-D Stereo Audio Power Amplifier ........ ... ..ot iinnn, 2-141
150-mW Stereo Audio Power Amplifier .......... ... 3-17
150-mW Stereo Audio Power Amplifier ......... ... ... i 3-39
150-mW Stereo Audio Power Amplifier ........ ... ..ot 3-63
75-mW Stereo Audio Power Amplifier ...... ... ... .. i 3-3
350-mW Stereo Audio Power Amplifier ........ ... 3-105
300-mW Stereo Audio Power Amplifier ........... ... il 3-85
350-mW Stereo Audio Power Amplifier ........ ... ... ... i 3-125
700-mW Stereo Audio Power Amplifier .......... ... . 3-155
700-mW Stereo Audio Power Amplifier ....................... e 3-175
700-mW Stereo Audio Power Amplifier ........... ..ot 3-205
6-W Stereo Audio Power Amplifier .............. . i 3-707
2-W Filterless Stereo Class-D Audio Power Amplifier ............................. 2-3
1-W Stereo Audio Power Amplifier ....... ... i s 3-225
1-W Stereo Audio Power Amplifier ....... ...t 3—-249

The devices in BOLD type are in the Product Preview stage of development.
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ALPHANUMERIC INDEX

Part Number Part Description I Page Number
Class-D Audio Power Amplifiers
TPA2000D2 2-W Filterless Stereo Class-D Audio Power Amplifier 2-3
TPA0O05D12 2-W Class-D Stereo Audio Power Amplifier 2-19
TPA005D14 2-W Class-D Stereo Audio Power Amplifier 2-25
TPA005D02 2-W Class-D Stereo Audio Power Amplifier 2-53
TPA032D01 10-W Class-D Mono Audio Power Amplifier 2-77
TPA032D02 10-W Class-D Stereo Audio Power Amplifier 2-97
TPA032D03 10-W Class-D Stereo Audio Power Amplifier 2-119
TPA032D04 10-W Class-D Stereo Audio Power Amplifier 2-141
Class—-AB Audio Power Amplifiers
TPA152 75-mW Stereo Audio Power Amplifier 3-3
TPA102 150-mW Stereo Audio Power Amplifier 3-17
TPA112 150-mW Stereo Audio Power Amplifier 3-39
TPA122 150-mW Stereo Audio Power Amplifier 3-63
TPA302 300-mW Stereo Audio Power Amplifier 3-85
TPA301 350-mW Stereo Audio Power Amplifier 3-105
TPA311 350-mW Stereo Audio Power Amplifier 3-125
TPA701, 700-mW Stereo Audio Power Amplifier 3-155
TPA711 700-mW Stereo Audio Power Amplifier 3-175
TPA721 700-mW Stereo Audio Power Amplifier 3-205
TPA4860 1-W Stereo Audio Power Amplifier 3-225
TPA4861 1-W Stereo Audio Power Amplifier 3-249
TPA0253 1-W Mono Audio Power Amplifier 3-271
TPA0103 1.75 Three-Channel Audio Power Amplifier 3-277
TPA0102 2-W Stereo Audio Power Amplifier 3-313
TPAO112 2-W Stereo Audio Power Amplifier 3-349
TPAO122 2-W Stereo Audio Power Amplifier 3-381
TPA0132 2-W Stereo Audio Power Amplifier 3-413
TPAO142 2-W Stereo Audio Power Amplifier 3-441
TPA0152 2-W Stereo Audio Power Amplifier 3-469
TPA0162 2-W Stereo Audio Power Amplifier 3-497
TPA0202 2-W Stereo Audio Power Amplifier 3-525
TPA0212 2-W Stereo Audio Power Amplifier 3-565
TPA0213 2-W Mono Audio Power Amplifier 3-597
TPA0222 2-W Stereo Audio Power Amplifier 3-607
TPA0223 2-W Mono Audio Power Amplifier 3-639
TPA0232 2-W Stereo Audio Power Amplifier 3-643
TPA0233 2-W Mono Audio Power Amplifier 3-671
TPA0242 2-W Stereo Audio Power Amplifier 3-675
TPA0243 2-W Mono Audio Power Amplifier 3-703
TPA1517 6-W Stereo Audio Power Amplifier 3-707
Preliminary Datasheets
TPA0211 J 2-W Mono Audio Power Amplifier | 4-3
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Introduction

How to Select an Audio Power Amplifier

This section is written to help guide designers that are needing an audio power amplifier in a new or existing
design. TI’s large portfolio of over 35 devices provides a designer many options to choose from and helps insure
a near perfect fit in their application. However, the quantity of products makes choosing the correct audio
amplifier more difficult and time consuming. Knowing what devices map to which applications and the
differentiating specifications that are most important help minimize the effort and time in the selection process.
Table 1 maps TI's current offering of APAs to end equipment.

Table 1. End Equipment With Suggested T1 APA Solution

Wireless Phones and Personal FM Transceivers

Device

Key Features

Page

TPA701

700-mW mono speaker output drive
Ultra-low shutdown control maximizes battery life
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-155

TPA711

700-mW mono speaker output drive
Configured to drive both speakers and headphones
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-175

TPA721

700-mW mono speaker output drive
Differential input for improved CMR
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-205

TPAO211t

2-W mono speaker output drive

Configured to drive both speakers and headphones
Tiny 8-pin MSOP PowerPAD package reduces PCB size
Upgrade to the TPA711 and TPA4861

4-3

Internet and Personal Audio

Device

Key Features

Page

TPA102

150-mW output into stereo headphones
Shutdown control for maximum battery life
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-17

TPA112

150-mW output into stereo headphones
Shutdown control for maximum battery life
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-39

TPA122

150-mW output into stereo headphones
Shutdown control for maximum battery life
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-63

TPA152

Hi-Fi 75-mW stereo headphone driver
Improved depop circuitry

3-3

TPA301

350-mW mono speaker output drive

Low supply current and shutdown current for long battery life

Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-105

TPA311

350-mW mono speaker output drive
Configured to drive both speakers and headphones
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-125

T This device is in the Product Preview stage of development. Contact you local Tl sales office for more information.
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Internet and Personal Audio (continued)

Device

Key Features

Page

TPA701

700-mW mono speaker output drive
Uitra low shutdown control maximizes battery life
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-155

TPA711

700-mW mono speaker output drive
Configured to drive both speakers and headphones
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-175

TPA721

700-mW mono speaker output drive
Tiny 8-pin MSOP PowerPAD package reduces PCB size

3-205

TPAO211t

2-W mono speaker output drive

Configured to drive both speakers and headphones
Tiny 8-pin MSOP PowerPAD package reduces PCB size
Upgrade to the TPA711 and TPA4861

4-3

TPA0213

2-W mono speaker output drive

Separate mono and stereo inputs for maximum flexibility
Optimized for battery life

Stereo headphone drive

Tiny 10-pin MSOP PowerPAD package reduces PCB size

3-597

TPA0223

2-W mono speaker output drive

Separate mono and stereo inputs for maximum flexibility
Optimized for fidelity

Stereo headphone drive

Tiny 10-pin MSOP PowerPAD package reduces PCB size

3-639

TPA0233

2-W mono speaker output drive

Mono output generated from internally mixed stereo inputs reduce external
components

Optimized for battery life

Stereo headphone drive

Tiny 10-pin MSOP PowerPAD package reduces PCB size

3-671

TPA0243

2-W mono speaker output drive

Mono output generated from internally mixed stereo inputs reduce external
components

Optimized for fidelity

Stereo headphone drive

Tiny 10-pin MSOP PowerPAD package reduces PCB size

3-703

TPA0253

1-W mono speaker output drive

Stereo headphone drive

Ultra low supply current and shutdown current for maximum battery life
Tiny 10-pin MSOP PowerPAD package reduces PCB size

3-271

T This device is in the Product Preview stage of development. Contact you local Tl sales office for more information.
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Notebook PC

Device

Key Features

Page

TPA2000D2

No output filter required
Efficient Class-D operation generates minimal heat and extends battery life
Industry standard 2-W stereo speaker output drive

2-3

TPAO05D12

Industry standard 2-W stereo speaker output drive
Efficient Class-D operation generates minimal heat and extends battery life

2-21

TPA005D14

Industry standard 2-W stereo speaker output drive
Efficient Class-D operation generates minimal heat and extends battery life
Stereo headphone drive

2-27

TPAO112

Industry standard 2-W stereo speaker output drive
Internal gain settings reduce external components
Stereo headphone drive
Optimized for battery life

3-39

TPAO122

Industry standard 2-W stereo speaker output drive
Internal gain settings reduce external components
Stereo headphone drive

Optimized for fidelity

3-63

TPAO132

Industry standard 2-W stereo speaker output drive

DC volume control increases flexibility and reduces external components
Stereo headphone drive

Optimized for battery life

3-413

TPAO142

Industry standard 2-W stereo speaker output drive

DC volume control increases flexibility and reduces external components
Stereo headphone drive

Optimized for fidelity

3-441

TPAO152

Industry standard 2-W stereo speaker output drive

Digital volume control increases flexibility and reduces external components
Stereo headphone drive

Optimized for battery life

3-3

TPA0162

Industry standard 2-W stereo speaker output drive

Digital volume control increases flexibility and reduces external components
Stereo headphone drive

Optimized for fidelity

3-497

TPA0202

Industry standard 2-W stereo speaker output drive
Industry’s lowest THD+N provides hi-fi performance
Stereo headphone drive

3-525

TPAO102

1.5-W stereo speaker output drive
Stereo headphone drive

3-17

TPAO212

Industry standard 2-W stereo speaker output drive

Internal gain settings reduce external components

Separate input MUX control pin for maximum control of the amplifier configuration
(SE/BTL)

Stereo headphone drive

Optimized for battery life

3-565

T This device is in the Product Preview stage of development. Contact you local Tl sales office for more information.
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Notebook PC (continued)

Device

Key Features

Page

TPA0222

Industry standard 2-W stereo speaker output drive

Internal gain settings reduce external components

Separate input MUX control pin for maximum control of the amplifier configuration
(SE/BTL)

Stereo headphone drive

Optimized for fidelity

3-607

TPA0232

Industry standard 2-W stereo speaker output drive

DC volume control increases flexibility and reduces external components
Separate input MUX control pin for maximum control of the amplifier configuration
(SE/BTL)

Stereo headphone drive

Optimized for battery life

3-643

TPA0242

Industry standard 2-W stereo speaker output drive

DC volume control increases flexibility and reduces external components
Separate input MUX control pin for maximum control of the amplifier configuration
(SE/BTL)

Stereo headphone drive

Optimized for fidelity

3-675

TPA0213

Industry standard 2-W mono speaker output drive
Separate mono and stereo inputs for maximum flexibility
PC 99 Compatible (Portable)

Optimized for battery life

Stereo headphone drive

3-597

TPA0223

Industry standard 2-W mono speaker output drive
Separate mono and stereo inputs for maximum flexibility
PC 99 Compatible (Desktop)

Optimized for fidelity

Stereo headphone drive

3-639

TPA0233

Industry standard 2-W mono speaker output drive

Mono output generated from internally mixed stereo inputs to reduce external
components

PC 99 Compatible (Portable)

Optimized for battery life

Stereo headphone drive

3-671

TPA0243

Industry standard 2-W mono speaker output drive

Mono output generated from internally mixed stereo inputs to reduce external
components

PC 99 Compatible (Desktop)

Optimized for fidelity

Stereo headphone drive

3-703

TThis device is in the Product Preview stage of development. Contact you local Tl sales office for more information.
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Multimedia and Wireless Speakers

Stereo headphone drive

Device Key Features Page

® No output filter required

TPA2000D2 |® Efficient Class-D operation generates minimal heat and extends battery life 2-3
® |ndustry standard 2-W stereo speaker output drive
® 2-W stereo output drive for satellite speakers _

TPA00SD12 ® Efficient Class-D operation generates minimal heat and extends battery life 2-21
® 2-W stereo output drive for satellite speakers

TPA005D14 | ® Efficient Class-D operation generates minimal heat and extends battery life 2-27
® Stereo headphone drive
® 10-W mono output drive for sub-woofer or satellite speakers -

TPA032D01 e Efficient Class-D operation generates minimal heat eliminating bulky heat sinks 279
® 10-W stereo output drive for sub-woofer or satellite speakers .

TPAO32D02 | Efficient Class-D operation generates minimal heat eliminating bulky heat sinks 2-99
® 10-W stereo output drive for sub-woofer or satellite speakers

TPA032D03 | ® Efficient Class-D operation generates minimal heat eliminating bulky heat sinks 2-121
® Stereo headphone drive
® 10-W stereo output drive for sub-woofer or satellite speakers

TPAQ32D04 | ® Efficient Class-D operation generates minimal heat eliminating bulky heat sinks 2-143
[ ]

Determining Output Power When Driving Headphones (Single Ended) vs. Speakers (Bridged)

The configuration of the amplifier dramatically affects how much power can be delivered to the speaker. Single
ended (SE) configuration is most common in headphone or applications when the speakers use a common
ground. It is referred to as single ended because only one terminal of the speaker is connected to the amplifier.
The other terminal is tied to ground, see Figure 1. This technique requires only three conductors between the
amplifier and speaker for a stereo solution, left positive, right positive and the third for ground. In terms of power
provided to the load, the equation is straight forward, just remember to convert the supply voltage to an RMS
value by dividing the peak to peak voltage by 2 x (2)1/2 or 2.83. Once VRs is determined plug the value into
Equation 1 to find the power delivered to the speaker:

2
_ (VRMS) (1)
RLoaD
N4
TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-9



HOW TO SELECT AN AUDIO POWER AMPLIFIER

325 kQ 325 kQ VDD 6
—A— L 4 Vbbp
— —L Cs
- Vpp/2 I
Audio =
Input R
1 IN1-
@ ) I————/\/\/\, ® > Vot|l7 I (
C 1
s BYPASS Cc
) Cp _l_
Audio
Input R T I
] - —
O—% HA N2 \ Vo2|5 Jl 6 =
C / Cc
From Shutdown SHUTDOWN Bias 2
Control Circuit Control
¢ e

Figure 1. TPA102 Audio Power Amplifier in SE Configuration

A bridge-tied load (BTL) configuration consists of two amplifiers driving both ends of the load, see Figure 2.
There are several potential benefits with this configuration. The first benefit is the elimination of the coupling
capacitor requirement in the SE configuration used to block the DC offset from reaching the load. These
capacitors can be quite large (40 — 1000 uF), are expensive and have the additional drawback of limiting low
frequency performance. The BTL configuration cancels the DC offsets which eliminates the need for the
blocking caps. Low frequency performance is then limited only by the input network, amplifier and speaker
frequency response. The other major advantage is the differential drive to the speaker. The differential drive
means that as one side is slewing up the other side is slewing down and vice versa. This effectively doubles
the available voltage swing on the load. Doubling the voltage swing across the speaker quadruples the power
delivered to the speakers.

BTL configurations are typically used in applications when the speaker and amplifier are contained in the same
enclosure. For example, the circuit in Figure 2 is useful in wireless applications where only a mono speaker is
required. The APA is capable of driving 700 mW to an 8-ohm speaker from a 5-V supply.

1-10
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Vpp | 6

RF Vbp

—
g

T
T

\ 5
c 3| IN+ " / ] *
2 | BYPASS .
Cp T .
= ' 8 700 mw
7

- GND
1 | SHUTDOWN Bias
Control

From System Control

Figure 2. TPA701 Audio Power Amplifier in BTL Configuration

Determining the correct supply voltage to avoid clipping

The output voltage swing is key when determining the peak power capability of an amplifier. Figure 3 and Figure
4 show the theoretical output power from a 5-V supply into a 4-ohm load is 781 mW (SE) and 3.12 W (BTL)
respectively. However, to avoid clipping the APA output voltage should not swing rail-to-rail. A few tenths to a
volt of headroom from the top supply rail significantly decreases distortion (clipping).

For example, an amplifier with a 5-V single supply, driving a 4-ohm speaker has a typical peak to peak output
swing around 4.5 V. This translates into 1.59 Vrg If the speakers are 4 ohms and the supply voltage is 5 V the
maximum output power from a SE and BTL configuration is:

(4.5V)2 ( 9V )2
b _ \283V b _ 283V
SE 4Q BTL — 4Q
Pgg = 063 W P = 253 W

Aresultfrom this analysis is lower speakerimpedance yields higher output power. However, speakers with lower
impedance are typically less efficient, especially speakers with an impedance below 4 ohms. Moreover, the
APA’s efficiency decreases as the speaker’s impedance drops below 4 ohms. The degradation in the speaker’s
and APA’s efficiency below 4 ohms negates the increase in output power.

Beyond lowering the speaker impedance to 4 ohms, the best way to increase the output power in a given SE
or BTL configuration is by increasing the supply voltage. Figure 3 and Figure 4 are plots of the maximum
theoretical output power vs supply voltage for SE and BTL amplifier configurations driving 4-, 8- and 32-ohm
speakers.

*ﬂ’ TeExAas
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Po - Output Power - W
-

SINGLE-ENDED CONFIGURATION
MAXIMUM THEORECTICAL OUTPUT POWER

vs
SUPPLY VOLTAGE

/

/A

(0.78 \‘N) / ’

Py
"

L

2.5 5 75 10 125 15
Vpp - Supply Voltage - V

Figure 3. Maximum Theoretical Output Power vs Supply Voltage for a SE Audio Power Amplifier

25

20

15

10

Po — Output Power - W

BRIDGE-TIED LOAD CONFIGURATION
MAXIMUM THEORECTICAL OUTPUT POWER

vs
SUPPLY VOLTAGE

/

RL=4Q

25 5 75 10 125 15
Vpp - Supply Voltage - V

Figure 4. Maximum Theoretical Output Power vs Supply Voltage for a BTL Audio Power Amplifier
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HOW TO SELECT AN AUDIO POWER AMPLIFIER

Conclusion

Knowing the maximum output power a given APA can deliver from a fixed supply voltage will save considerable
time and effort when selecting a device. An APA with a BTL configuration will drive four times more power to
the speaker than an APA in a SE configuration. Once the amplifier output configuration is selected there are
basically two variables that limit the output power being supplied to the speaker; the APA’s supply voltage and
the speaker’s impedance. Lowering the impedance of the speaker will increase the APA’s output power, but the
loss in speaker efficiency tends to offset the increase in output power. This means the only way to effectively
increase the output power from a speaker is to increase the supply voltage to the amplifier.
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AUDIO POWER AMPLIFIER CROSS REFERENCE

Suggested Tl
Part No. Replacement Vendor Replacement Type Page No.

LX1720 TPA2000D2 | LinFinity Similar functionality (see Note 4) 2-3

LX1720 TPA032D02 | LinFinity Similar functionality (see Note 4) 2-97
MS6308 TPA102 MOSA Same functionality (see Note 3) 3-17

MS6308 TPA112 MOSA Same functionality and pinout (see Note 2) 3-39

MS6308 TPA122 MOSA Same functionality (see Note 3) 3-63

MS6308 TPA152 MOSA Same functionality (see Note 3) 3-3

SSM2211 TPA4861 Analog Devices Same functionality (see Note 3) 3-249
SSM2211 TPA701 Analog Devices Same functionality (see Note 3) 3-155
SSM2211 TPA0211t Analog Devices Similar functionality (see Note 4) 4-3

SSM2250 TPA0213 Analog Devices Similar functionality (see Note 4) 3-597
SSM2250 | TPA0223 Analog Devices Similar functionality (see Note 4) 3-639
SSM2250 | TPA0233 Analog Devices Similar functionality (see Note 4) 3-671
SSM2250 | TPA0243 Analog Devices Similar functionality (see Note 4) 3-703
MC34119 | TPA301 Motorola Same functionality (see Note 3) 3-105
MC34119 TPA701 Motorola Similar functionality (see Note 4) 3-155
TDA8542 TPA0102 Philips Similar functionality (see Note 4) 3-313
TDA8542 TPA0202 Philips Similar functionality (see Note 4) 3-525
TDA8542 TPAO112 Philips Similar functionality (see Note 4) 3-349
TDA8542 TPA0122 Philips Similar functionality (see Note 4) 3-381
TDA8542 TPA0212 Philips Similar functionality (see Note 4) 3-565
TDA8542 TPA0222 Philips Similar functionality (see Note 4) 3-607
TDA7053A | TPA0O132 Philips Similar functionality (see Note 4) 3-413
TDA7053A | TPAO142 Philips Similar functionality (see Note 4) 3441
TDA7053A | TPA0232 Philips Similar functionality (see Note 4) 3-643
TDA7053A | TPA0O242 Philips Similar functionality (see Note 4) 3-675
TDA1308 TPA152 Philips Same functionality (see Note 3) 3-3

TDA1308 TPA102 Philips Same functionality (see Note 3) 3-17
TDA1308 TPA112 Philips Same functionality (see Note 3) 3-39
TDA1308 TPA122 Philips Same functionality (see Note 3) 3-63

1 This device is in the Product Preview stage of development. Contact your local Ti sales office for more information.

NOTES: 1.

2. The device has the Same functionality and pinout as the competitors device, but is NOT and exact equivalent

The device is an EXACT EQUIVALENT in functionality and parametrics to the competitors device.

3. The device has the Same functionality as the competitors device, but is not pin—for—pin and/or parametrically equivalent.
4. The device has Similar functionality, but is not functionally equivalent to the competitors device.
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AUDIO POWER AMPLIFIER CROSS REFERENCE

Part No. Suggested 11 Vendor Replacement Type Page No.
Replacement

TDA8559 TPA152 Philips Same functionality (see Note 3) 3-3

TDA8559 TPA102 Philips Same functionality (see Note 3) 3-17
TDA8559 TPA112 Philips Same functionality (see Note 3) 3-39
TDA8559 TPA122 Philips Same functionality (see Note 3) 3-63
TDA1517 TPA1517 Philips Same functionality (see Note 3) 3-707
TDA7052 TPA4861 Philips Same functionality (see Note 3) 3-249
TDA7052 TPAO211t Philips Same functionality (see Note 3) 4-3

TDA7052A | TPA0132 Philips Similar functionality (see Note 4) 3413
TDA7052A | TPAO142 Philips Similar functionality (see Note 4) 3-441
TDA7052A | TPA0232 Philips Similar functionality (see Note 4) 3-643
TDA7052A | TPA0242 Philips Similar functionality (see Note 4) 3-675
TDA8552 TPAO152 Philips Similar functionality (see Note 4) 3469
TDA8552 TPA0162 Philips Similar functionality (see Note 4) 3-497
TDA8551 TPA0152 Philips Similar functionality (see Note 4) 3-469
TDA8551 TPA0162 Philips Similar functionality (see Note 4) 3-497
LM4663 TPA2000D2 | National Semiconductor | Similar functionality (see Note 4) 2-3

LM4663 TPA005D14 | National Semiconductor | Similar functionality (see Note 4) 2-25
LM4862 TPA701 National Semiconductor | Same functionality (see Note 3) 3-155
LM4862 TPA711 National Semiconductor | Similar functionality (see Note 4) 3-175
LM4862 TPA721 National Semiconductor | Similar functionality (see Note 4) 3-205
LM4862 TPA301 National Semiconductor | Similar functionality (see Note 4) 3-105
LM4862 TPA311 National Semiconductor | Similar functionality (see Note 4) 3-125
LM4835 TPA0132 National Semiconductor | Similar functionality (see Note 4) 3-413
LM4835 TPAO142 National Semiconductor | Similar functionality (see Note 4) 3-441
LM4835 TPA0232 National Semiconductor | Similar functionality (see Note 4) 3-643
LM4835 TPA0242 National Semiconductor | Similar functionality (see Note 4) 3-675
LM4835 TPAO112 National Semiconductor | Similar functionality (see Note 4) 3-349
LM4835 TPAO122 National Semiconductor | Similar functionality (see Note 4) 3-381
LM4835 TPA0212 National Semiconductor | Similar functionality (see Note 4) 3-565

1 This device is in the Product Preview stage of development. Contact your local Tl sales office for more information.
The device is an EXACT EQUIVALENT in functionality and parametrics to the competitors device.
2. The device has the Same functionality and pinout as the competitors device, but is NOT and exact equivalent

NOTES: 1.

3. The device has the Same functionality as the competitors device, but is not pin—for—pin and/or parametrically equivalent.

4. The device has Similar functionality, but is not functionally equivalent to the competitors device.
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AUDIO POWER AMPLIFIER CROSS REFERENCE

Suggested TI
Part No. Replacement Vendor Replacement Type Page No.

LM4835 TPA0222 National Semiconductor | Similar functionality (see Note 4) 3-607
LM386 TPA301 National Semiconductor | Similar functionality (see Note 4) 3-105
LM4865 TPA711 National Semiconductor | Similar functionality (see Note 4) 3-175
LM4865 TPA0132 National Semiconductor | Similar functionality (see Note 4) 3-413
LM4865 TPAO142 National Semiconductor | Similar functionality (see Note 4) 3441
LM4865 TPA0232 National Semiconductor | Similar functionality (see Note 4) 3-643
LM4865 TPA0242 National Semiconductor | Similar functionality (see Note 4) 3-675
LM4752 TPA032D02 | National Semiconductor | Similar functionality (see Note 4) 2-97
LM4880 TPA122 National Semiconductor | Same functionality and pinout (see Note 2) 3-63

LM4880 TPA102 National Semiconductor | Same functionality (see Note 3) 3-17
LM4880 TPA112 National Semiconductor | Same functionality (see Note 3) 3-39
LM4881 TPA102 National Semiconductor | Same functionality and pinout (see Note 2) 3-17
LM4881 TPA112 National Semiconductor | Same functionality (see Note 3) 3-39
LM4881 TPA122 National Semiconductor | Same functionality and pinout (see Note 2) 3-63
LM4882 TPA311 National Semiconductor | Similar functionality (see Note 4) 3-125
LM4882 TPA301 National Semiconductor | Similar functionality (see Note 4) 3-105
LM4871 TPA4861 National Semiconductor | Same functionality and pinout (see Note 2) 3-249
LM4871 TPA701 National Semiconductor | Same functionality and pinout (see Note 2) 3-155
LM4871 TPA02111 National Semiconductor | Similar functionality (see Note 4) 4-3

LM4864 TPA301 National Semiconductor | Same functionality and pinout (see Note 2) 3-105
LM4864 TPA311 National Semiconductor | Similar functionality (see Note 4) 3-125
LM4873 TPAO102 National Semiconductor | Same functionality (see Note 3) 3-313
LM4873 TPA0202 National Semiconductor | Same functionality (see Note 3) 3-525
LM4873 TPAO112 National Semiconductor | Similar functionality (see Note 4) 3-349
LM4873 TPA0122 National Semiconductor | Similar functionality (see Note 4) 3-381
LM4873 TPA0O212 National Semiconductor | Similar functionality (see Note 4) 3-565
LM4873 TPA0222 National Semiconductor | Similar functionality (see Note 4) 3-607
LM4863 TPAO102 National Semiconductor | Similar functionality (see Note 4) 3-313
LM4863 TPA0202 National Semiconductor | Similar functionality (see Note 4) 3-525

T This device is in the Product Preview stage of development. Contact your local Tl sales office for more information.

NOTES: 1.

2. The device has the Same functionality and pinout as the competitors device, but is NOT and exact equivalent

The device is an EXACT EQUIVALENT in functionality and parametrics to the competitors device.

3. The device has the Same functionality as the competitors device, but is not pin—for—pin and/or parametrically equivalent.
4. The device has Similar functionality, but is not functionally equivalent to the competitors device.
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AUDIO POWER AMPLIFIER CROSS REFERENCE

Part No. Suggested Tl Vendor Replacement Type Page No.
Replacement

LM4863 TPAO112 National Semiconductor | Similar functionality (see Note 4) 3-349
LM4863 TPAO122 National Semiconductor | Similar functionality (see Note 4) 3-381
LM4863 TPA0212 National Semiconductor | Similar functionality (see Note 4) 3-565
LM4863 TPA0222 National Semiconductor | Similar functionality (see Note 4) 3-607
LM4861 TPA4861 National Semiconductor | Same functionality and pinout (see Note 2) 3-249
LM4861 TPA0211T National Semiconductor | Similar functionality (see Note 4) 4-3

LM4860 TPA4860 National Semiconductor | Same functionality and pinout (see Note 2) 3-225
LM4834 TPA0132 National Semiconductor | Similar functionality (see Note 4) 3-413
LM4834 TPA0142 National Semiconductor | Similar functionality (see Note 4) 3-441
LM4834 TPA0232 National Semiconductor | Similar functionality (see Note 4) 3-643
LM4834 TPA0242 National Semiconductor | Similar functionality (see Note 4) 3-675

1 This device is in the Product Preview stage of development. Contact your local Tl sales office for more information.

NOTES: 1.

2.
3.
4.

The device is an EXACT EQUIVALENT in functionality and parametrics to the competitors device.

The device has the Same functionality and pinout as the competitors device, but is NOT and exact equivalent

The device has the Same functionality as the competitors device, but is not pin—for~pin and/or parametrically equivalent.
The device has Similar functionality, but is not functionally equivalent to the competitors device.
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AUDIO POWER AMPLIFIER
GLOSSARY

Single-Ended Load Configuration

A configuration where one end of the load is connected to the audio power amplifier and the other end of the
load is connected to ground. Used primary for headphone applications or where the audio power amplifier and
speaker reside in different enclosures.

Bridged-Tied Load Configuration

A configuration where both ends of the load are connected to audio power amplifiers. This configuration
effectively quadruples the output power capability of the system. Used primary in applications that are space
constrained and where the audio power amplifier and speaker reside in the same enclosure.

PWM (Puise Width Modulation)

Pulse-time modulation in which the value of each instantaneous sample of the modulating wave is caused to
modulate the duration of a pulse. The modulation frequency may be fixed or variable. PWM is used in Class-D
audio power amplifiers to achieve very high efficiency operation.

Class-A Amplifiers

Class-A, based on one output element, a vacuum tube, which was eventually replaced by a transistor. Class-A
amplifiers add little distortion to the sound they amplify, But, they consume a great deal of power. In many
applications, this would require systems with very large power supplies. As a result, the effective use of Class-A
amplifiers in portable applications is severely limited.

Class-B Amplifiers

Class-B addressed the problem of power consumption. This type of APA features two elements or transistors
in the output stage, both of which are shut off when no signal is present. Unfortunately, this arrangement
introduces significant distortion into the signal as it moves through the zero crossover point.

Class-AB Amplifiers

Class-AB amplifiers removed the distortion by keeping each of the two transistors slightly on at all times. While
this improves THD+N it also re-introduces the problem of power consumption. Class-AB amplifiers are ideal
solutions in applications requiring moderate to high levels of fidelity and supply current.

Class-D Amplifiers

Class-D amplifiers process analog signals using PWM techniques, which is the key behind Class-D amplifiers’
increased efficiency. The PWM signals are applied to power DMOS H-bridges, which provide high output current
capability. High-frequency square waves of constant amplitude, but varying width, are output from the IC. These
pulses of varying widths contain the audio information.

Total Harmonic Distortion + Noise (THD+N)

The root some square of all harmonic distortion components including their aliases plus any noise in the system.
Commonly measured as a percentage of the fundamental signal. Harmonic distortion is distortion at frequencies
that are whole number multiples of the test tone frequency. Values below 0.5% to 0.3% are negligible to the
untrained ear.
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AUDIO POWER AMPLIFIER
GLOSSARY

Power Supply Rejection Ratio (PSRR)

The log of the ratio of a change in supply voltage to the change in output power multiplied by 20. The result is
given in dB and measured at DC voltages. For example, the output of an audio power amplifier that has a PSRR
equal to 70 dB would change by 31.6 mV if the supply voltage changed by 0.1 V.

PSRR = 20 x 10g(Vsypply/Vout) dB-

Crest Factor

The log of the ratio of peak output power to RMS output power multiplied by 10, typically given in decibels (dB).
This is commonly referred to as dynamic range. As the crest factor increases the difference between the peaks

and the normal loudness increases. Crest Factor = 10 x Log(Ppgak/PRMS)
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TPA2000D2
2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS291B — MARCH 2000 — REVISED APRIL 2000

® Modulation Scheme Optimized to Operate PWP PACKAGE
Without a Filter (TOP VIEW)
® 2 W into 3-Q Speakers (THD+N< 0.4%) paND O] 10 24 B3 PaND
® <0.08% THD+N at 1 W, 1 kHz, Into 4-Q Load LOUTN 1T 2 23 [T LOUTP
o Extremely Efficient 3d Generation 5-V GAINo [T 3 22 T BYPASS
Class-D Technology: Pvpp CI 4 21 713 PVpp
~ Low Supply Current (No Filter) ...8 mA LINN % 2 fo 1 LINP
- Low Supply Current (Filter) ...15mA AGND 9 FJ Vop
cosc 0 7 18 171 ROSC
—~ Low Shutdown Current... 1 pA any 0 s 17 3 RINP
— Low Noise Floor ...56 uVgms N 16 FO pv
— Maximum Efficiency into 3 Q, 65 — 70% Wlmv'\:,’ﬁ = 1 s 3 Ay
~ Maximum Efficiency into 8 Q, 75 - 85% ROUTN T 11 14 FO1 RouTP
: :gg;rnal ga_;ndgemngs ...8-235dB PGND O 12 13 1 PGND

¢ Integrated Depop Circuitry

® Short-Circuit Protection (Short to Battery,
Ground, and Load)

® -40°C to 85°C Operating Temperature
Range

description

The TPA2000D2 is the third generation 5-V class-D amplifier from Texas Instruments. Improvements to
previous generation devices include: lower supply current, lower noise floor, better efficiency, four different gain
settings, smaller packaging, and fewer external components. The most significant advancement with this device
is its modulation scheme that allows the ampilifier to operate without the output filter. Eliminating the output filter
saves the user approximately 30% in system cost and 75% in PCB area.

The TPA2000D2 is a monolithic class-D power IC stereo audio amplifier, using the high switching speed of
power MOSFET transistors. These transistors reproduce the analog signal through high-frequency switching
of the output stage. The TPA2000D2 is configured as a bridge-tied load (BTL) amplifier capable of delivering
greater than 2 W of continuous average power into a 3-Q load at less than 1% THD+N from a 5-V power supply
in the high fidelity range (20 Hz to 20 kHz). With 1 W being delivered to a 4-Q load at 1 kHz, the typical THD+N
is less than 0.08%.

A BTL configuration eliminates the need for external coupling capacitors on the output. Low supply current of
8 mA makes the device ideal for battery-powered applications. Protection circuitry increases device reliability:
thermal, over-current, and under-voltage shutdown.

Efficient class-D modulation enables the TPA2000D2 to operate at full power into 3-Q loads at an ambient
temperature of 85°C.

AVAILABLE OPTIONS
Ta PACKAGED DEVICE
TSSOP (PWP)
—40°C to 85°C TPA2000D2PWP

NOTE: The PWP package is available taped and reeled. To
order a taped and reeled part, add the suffix R to the
part number (e.g., TPA2000D2PWPR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments.

Pnowcnou DATA Information is current as of publication date. Copyright © 2000, Texas Instruments Incorporated
mm oonmwspodlmnsw!Mm:M exas Inm;nm':dt: b
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TPA2000D2

2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS291B — MARCH 2000 — REVISED APRIL 2000

functional block diagram

VbD AGND
-
v = — PV
VpD = L;F DD
Gain
RINN * . > —]
Adjust >— Sate q ROUTN
PGND
3 PVpp
B Gate If
Gain iy - ROUTP
Drive
RINP Adjust [ b q
? PGND
SHUTDOWN s < ocC
2 tart-up Detect
GAIN1 cainbze | Biases nn Protection
GAINo 2 and | ¢ | Ramp Logic |« oc
References Generator Detect
-cosc |
Rosc l Thermal | I Vpp ok |
BYPASS
e
L4 3 PVpp
LINP o] Gain | o 3 _|
Adjust T Gate LOUTP
— Drive [7'
PGND
PVpp
B Gate |
LINN Gain | o = Drive LOUTN
Adjust __|
l — PGND
[ .
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TPA2000D2
2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS291B - MARCH 2000 — REVISED APRIL 2000

Terminal Function

TERMINAL
1o DESCRIPTION
NAME | No.
AGND 6 - | Analog ground
BYPASS 22 | | Tap to voltage divider for internal midsupply bias generator used for analog reference.
cosc 7 ) A capa_citor connected to this termipal sets the oscillation frequency in conjunction with ROSC. For proper
operation, connect a 220 pF capacitor from COSC to ground.
GAINO 3 I | Bit 0 of gain control (TTL logic level)
GAIN1 15 I | Bit 1 of gain control (TTL logic level)
LINN 5 I | Left channel negative differential audio input
LINP 20 | | Left channel positive differential audio input
LOUTN 2 O | Left channel negative audio output
LOUTP 23 O | Left channel positive audio output
PGND 1,24 — | Power ground for left channel H-bridge
12,13 | -~ | Power ground for right channel H-bridge
VoD 4,21 — | Power supply for left channel H-bridge
9,16 — | Power supply for right channel H-bridge
RINN 8 | | Right channel negative differential audio input
RINP 17 I | Right channel positive differential audio input
ROSC 18 | A resispr connected to this tenpina! sets the oscillation frequency in conjunction with COSC. For proper
operation, connect a 120 k2 resistor from ROSC to ground.
ROUTN 1 O | Right channel negative audio output
ROUTP 14 O | Right channel positive output
SHUTDOWN 10 | r:)lga;e; ;I;el Sal;}zzgzr(i)r:‘ s;:;t?::;\r;nnalrde if a TTL logic low is placed on this terminal; normal operation if a TTL
Vpp 19 ~ | Analog power supply

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage, VDD, PVDD -« t vttt e s -0.3Vto6V
Inputvoltage, V| ... -0.3VtoVpp+0.3V
Continuous total power dissipation ............. ...t See Dissipation Rating Table
Operating free-air temperature range, TA . ... voviriiii ittt —40°C to 85°C
Operating junction temperature range, T . .....ovuiiiiinir ittt —40°C to 150°C
Storage temperature range, Tgtg -« -« cveuevniiei —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ...................coiininn.. 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE

PACKAGE TA<25°C DERATING FACTOR  Tp =70°C Ta = 125°C
POWERRATING ABOVETp=25°C POWER RATING POWER RATING
PWP 27W 21.8 mW/°C 1.7W 1.4W
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TPA2000D2 | |
2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS291B ~ MARCH 2000 — REVISED APRIL 2000

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp, PVpp 4.5 5.5 \'
High-level input voltage, Vi GAINO, GAIN1, SHUTDOWN 2 Y
Low-level input voltage, V| GAINO, GAIN1, SHUTDOWN 0.8 Y
Operating free-air temperature, To —40 85 °C
PWM Frequency 200 300§ kHz

electrical characteristics, Tp = 25°C, Vpp = PVpp =5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
|Voo| Output offset voltage (measured differentially) V=0V 10] mv
PSRR Power supply rejection ratio Vpp=PVpp =45Vt 55V 77 dB
4 High-level input current Vpp=PVpp =5.5V, V|=Vpp=PVpp 1 HA
e Low-level input current Vpp=PVpp=565V, V=0V -1 A
IpD Supply current No filter (with or without speaker load) 8 10 mA
IbD Supply current With filter ,L=22pH, C=1pF 15 mA
IDD(SD)  Supply current, shutdown mode 1 10 pA

operating characteristics, Tp = 25°C, Vpp = PVpp =5 V, R = 4 Q, Gain = -2 V/V (unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Po Output power THD=0.1%, f=1kHz, R =3Q 2 w
THD+N Total harmonic distortion plus noise Po=1W, =20 Hz to 20 kHz <0.5%
Bom Maximum output power bandwidth THD =5% 20 kHz
ksVR Supply ripple rejection ratio f=1 kHz, C(BYPASS) = 0.4 uF —-60 dB
SNR Signal-to-noise ratio 87 dBvV
Integrated noise floor 20 Hz to 20 kHz, No input 56 nv
Z) Input impedance >20 kQ

Table 1. Gain Settings

AMPLIFIER GAIN INPUT IMPEDANCE
GAINO | GAIN1 (dB) (kQ)
TYP TYP
0 0 8 104
0 1 12 74
1 0 17.5 44
1 1 23.5 24
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TPA2000D2
2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS291B ~ MARCH 2000 — REVISED APRIL 2000

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
n Efficiency vs Output power 2,3
In-band output spectrum vs Frequency 4
THD+N  Total harmonic distortion plus noise vs Qutput power 57
vs Frequency 8,9

test set-up for graphs

The THD+N measurements shown do not use an LC output filter, but usealow pass filter with a cut-off frequency
of 20 kHz so the switching frequency does not dominate the measurement. This is done to ensure that the
THD+N measured is just the audible THD+N. The THD+N measurements are shown at the highest gain for
worst case.

The LC output filter used in the efficiency curves (Figure 2 and 3) is shown in Figure 1.

L1 =1L2=22uH (DCR = 110 mQ,
Part Number = SCD0703T-220 M-S,
Manufacturer = GCI)

Ci1=C2=1puF

The ferrite filter used in the efficiency curves (Figure 2 and 3) is shown in Figure 1, where L is a ferrite bead.
L1 = L2 = ferrite bead (part number = 2512067007Y3, manufacturer = Fair-Rite)

Ci=C2=1nF
L1
OuT+ N, % o
OouT- ‘Y:;“

Figure 1. Class-D Output Filter
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TPA2000D2

2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS291B — MARCH 2000 — REVISED APRIL 2000

TYPICAL CHARACTERISTICS

EFFICIENCY EFFICIENCY
vs vs
OUTPUT POWER OUTPUT POWER
90 T T 80 T
Ferrite Bead Filter LC Filter | Ferrite Bead Filter
80 —F 70
—

6 No Filter LC Filter - Notebook Speaker L
® ~ e 50 ~
z 50 ! //
§ A Class-AB § 40
S 40 S8
£ // € 45 " Class-aB

]
30 v
/ d 20 /]
20 /
10 I \F;L = f ;);IMulllmedla Speaker 10 Ry =3 Q, Notebook PC Speaker —1
DD = [ Vpp=5V |
6 I N T . | i
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 15 2
Po - Output Power - W Po - Output Power - W
Figure 2 Figure 3
IN-BAND OUTPUT SPECTRUM
+0 —
Vpp=5V,
-20 Galn=8dB, ]
fin=1o = 1kHz,
-40 Po=15W, -
m Bandwidth = 20 Hz to 22 kHz,
© -60 16386 Frequency Bins —
£ a0 | l L1, i T
(L]
-100
-120
-140 L
0 2k 4k 6k 8k 10k 14k 16k 18k 20k 22k 24k
f - Frequency — Hz
Figure 4
3 7,
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TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION PLUS NOISE

vs vs
OUTPUT POWER OUTPUT POWER
10 m—— S ¥ 10 T T
— Vpp=5V T — Vpp=5V f
2 ~ Gain =23.5 dB 1 2 - Gain = 23.5dB
1 | RL=3Q 1 1 | RL=4Q
[ [
o (<]
5 £
2 1 @ 1
° 2 i
€ 1kHz ]: £ 1kHz
/ /
g w-_ 71 20Hz g <= /\ 20 Hz
— -\\ - oy % I
= G 3 01N N ]
L N i
z : v z = =
AN NG Ay
3 by a N
£ 20 kHz z 20 kHz v
0.01 | | | | 0.01 ]
10m 100 m 1 2 3 10m 100 m 1 2 3
Po - Output Power - W Po — Output Power - W
Figure 5 Figure 6
TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs vs
OUTPUT POWER FREQUENCY
10— — 10
= Vpp=5V 1T — Vpp=5V
2 [~ Gain=23.5dB 2 [— Gain=23.5dB
1 |- RL=8Q 1 — RL=4Q
c c
8 K]
5 :
] 1 ] 1
a [
2 2 02w
é 1 kHz é N
/|
& 20 Hz 5 075w L4
2 ; 2 2N
s ‘%f“\ £ o7 \
k] 0.1 =y ’CT) 0.1 7
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10m 100m 1 2 3 20 100 1k 10k 20k
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Figure 7 Figure 8
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TPA2000D2
2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER
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TYPICAL CHARACTERISTICS
TOTAL HARMONIC DISTORTION PLUS NOISE
vs
FREQUENCY
10 == =
I~ Vpp=5V
R [- Gain =23.5dB
1 - RL=8Q
s
5
B 1
a
2 01w
g 0
- 1w TN
L]
T S
3 o1 | adl \‘?\
2 X
1 1157 !
z N 05w
) o
- N
0.009 Tﬁ"z
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f - Frequency - Hz

Figure 9
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TPA2000D2
2-W FILTERLESS STEREO CLASS-D AUDIO POWER AMPLIFIER
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APPLICATION INFORMATION

eliminating the output filter with the TPA2000D2

This section will focus on why the user can eliminate the output filter with the TPA2000D2.
effect on audio

The class-D amplifier outputs a pulse-width modulated (PWM) square wave, which is the sum of the switching
waveform and the amplified input audio signal. The human ear acts as a band-pass filter such that only the
frequencies between approximately 20 Hz and 20 kHz are passed. The switching frequency components are
much greater than 20 kHz, so the only signal heard is the amplified input audio signal.

traditional class-D modulation scheme

The traditional class-D modulation scheme, which is used in the TPA0O05Dxx family, has a differential output
where each output is 180 degrees out of phase and changes from ground to the supply voltage, Vpp. Therefore,
the differential pre-filtered output varies between positive and negative Vpp, where filtered 50% duty cycle yields
0 volts across the load. The traditional class-D modulation scheme with voltage and current waveforms is shown
in Figure 10. Note that even at an average of 0 volts across the load (50% duty cycle), the current to the load
is high causing high loss thus causing a high supply current.
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Figure 10. Traditional Class-D Modulation Scheme’s Output Voltage and Current Waveforms Into an
Inductive Load With no Input

TPA2000D2 modulation scheme

The TPA2000D2 uses a modulation scheme that still has each output switching from 0 to the supply voltage.
However, OUT+ and OUT- are now in phase with each other with no input. The duty cycle of OUT+ is greater
than 50% and OUT-is less than 50% for positive voltages. The duty cycle of OUT+ is less than 50% and OUT—
is greater than 50% for negative voltages. The voltage across the load sits at 0 volts throughout most of the
switching period greatly reducing the switching current, which reduces any I2R losses in the load.
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Figure 11. The TPA2000D2 Output Voltage and Current Waveforms Into an Inductive Load

efficiency: why you must use a filter with the traditional class-D modulation scheme

The main reason that the traditional class-D amplifier needs an output filter is that the switching waveform
results in maximum current flow. This causes more loss in the load, which causes lower efficiency. The ripple
current is large for the traditional modulation scheme because the ripple current is proportional to voltage
multiplied by the time at that voltage. The differential voltage swing is 2 x Vpp and the time at each voltage is
half the period for the traditional modulation scheme. An ideal LC filter is needed to store the ripple current from
each half cycle for the next half cycle, while any resistance causes power dissipation. The speaker is both
resistive and reactive, whereas an LC filter is almost purely reactive.

The TPA2000D2 modulation scheme has very little loss in the load without a filter because the pulses are very
short and the change in voltage is Vpp instead of 2 x Vpp. As the output power increases, the pulses widen
making the ripple current larger. Ripple current could be filtered with an LC filter for increased efficiency, but for
most applications the filter is not needed.

An LC filter with a cut-off frequency less than the class-D switching frequency allows the switching current to
flow through the filter instead of the load. The filter has less resistance than the speaker that results in less power
dissipated, which increases efficiency.
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effects of applying a square wave into a speaker

Audio specialists have said for years not to apply a square wave to speakers. If the amplitude of the waveform
is high enough and the frequency of the square wave is within the bandwidth of the speaker, the square wave
could cause the voice coil to jump out of the air gap and/or scar the voice coil. A 250-kHz switching frequency,
however, is not significant because the speaker cone movement is proportional to 1/2 for frequencies beyond
the audio band. Therefore, the amount of cone movement at the switching frequency is very small. However,
damage could occur to the speaker if the voice coil is not designed to handle the additional power. To size the
speaker for added power, the ripple current dissipated in the load needs to be calculated by subtracting the
theoretical supplied power, Pgyp THEORETICAL. from the actual supply power, Pgyp, at maximum output power,
PouT The switching power dissipated in the speaker is the inverse of the measured efficiency, nMEASURED:
minus the theoretical efficiency, N"THEORETICAL-

PspkRr = Psup — PsSup THEORETICAL (at max output power) (1)
Pspkr = Psup/ Pout — Psup THEORETICAL/ PourT (at max output power) 2
PspkR = 1MMEASURED — 1/MTHEORETICAL (at max output power) (3)

The maximum efficiency of the TPA2000D2 with an 8-Q load is 85%. Using equation 3 with the efficiency at
maximum power from Figure 2 (78%), we see that there is an additional 106 mW dissipated in the speaker. The
added power dissipated in the speaker is not an issue as long as it is taken into account when choosing the
speaker.

when to use an output filter

Design the TPA2000D2 without the filter if the traces from amplifier to speaker are short. The TPA2000D2
passed FCC and CE radiated emissions with no shielding with speaker wires 8 inches long or less. Notebook
PCs and powered speakers where the speaker is in the same enclosure as the amplifier are good applications
for class-D without a filter.

A ferrite bead filter can often be used if the design is failing radiated emissions without a filter, and the frequency
sensitive circuit is greater than 1 MHz. This is good for circuits that just have to pass FCC and CE because FCC
and CE only test radiated emissions greater than 30 MHz. If choosing a ferrite bead, choose one with high
impedance at high frequencies, but very low impedance at low frequencies.

Use an output filter if there are low frequency (< 1 MHz) EMI sensitive circuits and/or there are long leads from
amplifier to speaker.

gain setting via GAINO and GAIN1 inputs

The gain of the TPA2000D2 is set by two input terminals, GAINO and GAIN1.

The gains listed in Table 2 are realized by changing the taps on the input resistors inside the amplifier. This
causes the input impedance, Z|, to be dependent on the gain setting. The actual gain settings are controlled
by ratios of resistors, so the actual gain distribution from part-to-part is quite good. However, the input
impedance may shift by 30% due to shifts in the actual resistance of the input resistors.

For design purposes, the input network (discussed in the next section) should be designed assuming an input
impedance of 20 kQ, which is the absolute minimum input impedance of the TPA2000D2. At the higher gain
settings, the input impedance could increase as high as 115 kQ.
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Table 2. Gain Settings

AMPLIFIER GAIN INPUT IMPEDANCE
GAINO | GAIN1 (dB) (kQ)
TYP TYP
0 0 8 104
0 1 12 74
1 0 17.5 44
1 1 23.5 24

input resistance

Each gain setting is achieved by varying the input resistance of the amplifier, which can range from its smallest
value to over 6 times that value. As a result, if a single capacitor is used in the input high pass filter, the -3 dB
or cut-off frequency will also change by over 6 times. If an additional resistor is connected from the input pin
of the amplifier to ground, as shown in the figure below, the variation of the cut-off frequency will be much

reduced.

Input

Z)

Signal

The -3 dB frequency can be calculated using equation 4:

G
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)

If the filter must be more accurate, the value of the capacitor should be increased while value of the resistor to

ground should be decreased. In addition, the order of the filter could be increased.

input capacitor, C;

In the typical application an input capacitor, C), is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, C| and the input impedance of the amplifier, Z;, form a
high-pass filter with the corner frequency determined in equation 5.

— 1
fetignpass) = 27,

(5)
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The value of C; is important as it directly affects the bass (low frequency) performance of the circuit. Consider
the example where Z, is 20 kQ and the specification calls for a flat bass response down to 80 Hz. Equation 5
is reconfigured as equation 6.

- 1 ;
G 2nZ,f; 6)

In this example, Cyis 0.1 uF so one would likely choose a value in the range of 0.1 uF to 1 uF. If the gain is known
and will be constant, use Z; from Table 1 to calculate Cy. A further consideration for this capacitor is the leakage
path from the input source through the input network (C)) and the feedback network to the load. This leakage
current creates a dc offset voltage at the input to the amplifier that reduces useful headroom, especially in high
gain applications. For this reason a low-leakage tantalum or ceramic capacitor is the best choice. When
polarized capacitors are used, the positive side of the capacitor should face the amplifier input in most
applications as the dc level there is held at Vpp/2, which is likely higher than the source dc level. Note that it
is important to confirm the capacitor polarity in the application.

C) must be 10 times smaller than the bypass capacitor to reduce clicking and popping noise from power on/off
and entering and leaving shutdown. After sizing Cl for a given cut-off frequency, size the bypass capacitor to
10 times that of the input capacitor.

Ci<Cgyp/10 (7)
power supply decoupling, Cg

The TPA2000D2 is a high-performance CMOS audio amplifier that requires adequate power supply decoupling
to ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling also
prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling is
achieved by using two capacitors of different types that target different types of noise on the power supply leads.
For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-resistance
(ESR) ceramic capacitor, typically 0.1 uF placed as close as possible to the device Vpp lead works best. For
filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF or greater placed near
the audio power amplifier is recommended.

midrail bypass capacitor, Cgyp

The midrail bypass capacitor, Cgyp, is the most critical capacitor and serves several important functions. During
start-up or recovery from shutdown mode, Cgyp determines the rate at which the amplifier starts up. The second
function is to reduce noise produced by the power supply caused by coupling into the output drive signal. This
noise is from the midrail generation circuit internal to the amplifier, which appears as degraded PSRR and
THD+N.

Bypass capacitor, Cgyp, values of 0.47 pF to 1 pF ceramic or tantalum low-ESR capacitors are recommended
for the best THD and noise performance.

Increasing the bypass capacitor reduces clicking and popping noise from power on/off and entering and leaving
shutdown. To have minimal pop, Cgyp should be 10 times larger than C;.

Cpyp210xCj (8)
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The differential input stage of the amplifier cancels any noise that appears on both input lines of a channel. To
use the TPA2000D2 EVM with a differential source, connect the positive lead of the audio source to the RINP
(LINP) input and the negative lead from the audio source to the RINN (LINN) input. To use the TPA2000D2 with
a single-ended source, ac ground the RINN and LINN inputs through a capacitor and apply the audio single to
the RINP and LINP inputs. In a single-ended input application, the RINN and LINN inputs should be ac grounded
at the audio source instead of at the device inputs for best noise performance.

shutdown modes

The TPA2000D2 employs a shutdown mode of operation designed to reduce supply current, Ipp, to the absolute
minimum level during periods of nonuse for battery-power conservation. The SHUTDOWN input terminal
should be held high during normal operation when the amplifier is in use. Pulling SHUTDOWN low causes the
outputs to mute and the ampilifier to enter a low-current state, Ipp(gpy = 1 tA. SHUTDOWN should never be left
unconnected because amplifier operation would be unpredictabse.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this application section. A real (as opposed to ideal)
capacitor can be modeled simply as a resistor in series with an ideal capacitor. The voltage drop across this
resistor minimizes the beneficial effects of the capacitor in the circuit. The lower the equivalent value of this
resistance the more the real capacitor behaves like an ideal capacitor.

evaluation circuit
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NOTE: Rf1, R3, and R4 are used in the EVM but are not required for normal applications.
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Table 3. TPA2000D2 Evaluation Bill of Materials

REFERENCE DESCRIPTION SIZE | QUANTITY | MANUFACTURER PART NUMBER
C1-4, Capacitor, ceramic chip, 0.1 uF, +10%, X7R, 50 V 0805 9 Kemet C0805C104K5RAC
C17-21
C5 Capacitor, ceramic, 1.0 uF, +80%/—-20%, Y5V, 16 V | 0805 1 Murata GRM40-Y5V105Z16
C6, C8 Capacitor, ceramic, 10 pF, +80%/-20%, Y5V, 16 V 1210 2 Murata GRM235-Y5V106216
Cc7 Capacitor, ceramic, 220 pF, +10%, XICON, 50 V 0805 2 Mouser 140-CC501B221K
R2, Ri1t, Resistor, chip, 120 kQ, 1/10 W, 5%, XICON 0805 2 Mouser 260-120K
R3t, R4t
Ut IC, TPA2000D2, audio power amplifier, 2-W, 24 pin 1 Ti TPA2000D2PWP
2-channel, class-D TSSOP
t These components are used in the EVM, but they are not required for normal applications.
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NOT RECOMMENDED FOR NEW DESIGNS D%o?\ﬁ:\‘l\v‘)ﬁ
® Choose TPA2000D2 For Upgrade
® Extremely Efficient Class-D Stereo SHUTDOWN CI4 10 48 T3 cosC
Operation MUTE g 2 :; % AgND
. AGND AGND
® Drives L and R Channels LINN 4 45 3 RINN
® 2-W BTL Output Into 4 Q LINP 5 44 RINP
® 5.W Peak Music Power chMP % 6 :Z % RCO’:‘_F'
. - AGND 7 FAULTO
® Fully Specified for 5-V Operation Vpp L 41 FO3 FAULTH
® Low Quiescent Current LPVpp CI] o 40 .3 RPVpp
® Shutdown Control . .. 0.2 pA LouTP CT 10 39 [T ROUTP
® Thermally-Enhanced PowerPAD™ Surface- LouTp " 38 [ T1 ROUTP
Mount Packaging PGND I 12 37 13 PGND
PGND I} 13 36 11 PGND
® Thermal, Over-Current, and Under-Voltage LOUTN CT] 14 35 =T ROUTN
\ Protection LOUTN CI] 15 34 T3 ROUTN
description LPVpp CI] 16 33 LT RPVpp
. " NC 1 17 32 [TINC
The TPA005D12 is a monolithic power IC stereo Ne ] 18 31 T NG
audio amplifier that operates in extremely efficient NC ] 19 30 T3 NC
Class-D operation, using the high switching speed AGND I 20 290 11 voprs
of power DMOS transistors to replicate the analog PVpp CT] 21 28 [T PVpp
input signal through high-frequency switching of VCP I 22 27 173 PGND
the output stage. This allows the TPA0O05D12 to CP3 1] 23 26 [ T1CP4
be configured as a bridge-tied load (BTL) amplifier CP2 I 24 25 [T CP1
capable of delivering up to 2 W of continuous
average power into a 4-Q load at 0.5% THD+N NC — No internal connection

from a 5-V power supply in the high-fidelity audio

frequency range (20 Hz to 20 kHz). A BTL configuration eliminates the need for external coupling capacitors
on the output. A chip-level shutdown control is provided to limit total quiescent current to 0.2 pA, making the
device ideal for battery-powered applications.

A full range of protection circuitry is included to increase device reliability: thermal, -over-current, and
under-voltage shutdown, with two status feedback terminals for use when any error condition is encountered.

The high switching frequency of the TPA005D12 allows the output filter to consist of three small capacitors and
two small inductors per channel. The high switching frequency also allows for good THD+N performance.

The TPA005D12 is offered in the thermally enhanced 48-pin PowerPAD TSSOP surface-mount package

(designator DCA).
AVAILABLE OPTIONS
PACKAGED DEVICES
TA Tssopt
(DCA)
—40°C to 125°C TPA005D12DCA

t The DCA package is available in left-ended tape and reel. To order
a taped and reeled part, add the suffix R to the part number (e.g.,
TPA005D12DCAR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments Incorporated.

Copyright © 2000, Texas Instruments Incorporated
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Terminal Functions

TERMINAL

DESCRIPTION
NAME NO.
AGND 3"‘;' fg * | Analog ground for headphone and Class-D analog sections
cosc 48 Capacitor I/O for ramp generator. Adjust the capacitor size to change the switching frequency.
CP1 25 First diode node for charge pump
CP2 24 First inverter switching node for charge pump
CP3 23 Second diode node for charge pump
CP4 26 Second inverter switching node for charge pump
FAULTO 42 Logic level fault0 output signal. Lower order bit of the two fault signals with open drain output.
FAULT1 4 Logic level fault1 output signal. Higher order bit of the two fault signals with open drain output.
LCOMP 6 Compensation capacitor terminal for left-channel Class-D amplifier
LINN 4 Class-D left-channel negative input
LINP 5 Class-D left-channel positive input
LOUTN 14,15 Class-D amplifier left-channel negative output of H-bridge
LOUTP 10, 11 Class-D amplifier left-channel positive output of H-bridge
LPVpD 9,16 Class-D amplifier left-channel power supply
o Active-low logic-level mute input signal. When MUTE is held low, the selected amplifier is muted. When MUTE
MUTE 2 is held high, the device operates normally. When the Class-D amplifier is muted, the low-side output transistors
are turned on, shorting the load to ground.
NC g)” :381', 132' No connection
PGND 12,13 Power ground for left-channel H-bridge only
PGND 27 Power ground for charge pump only
PGND 36, 37 Power ground for right-channel H-bridge only
PVpp 21,28 Vpp supply for charge-pump and gate-drive circuitry
RCOMP 43 Compensation capacitor terminal for right-channel Class-D amplifier
RINN 45 Class-D right-channel negative input
RINP 44 Class-D right-channel positive input
RPVpD 33,40 Class-D amplifier right-channel power supply
ROUTN 34,35 Class-D amplifier right-channel negative output of H-bridge
ROUTP 38, 39 Class-D amplifier right-channel positive output of H-bridge
SHUTDOWN 1 Active-low Iogic-level' shutdown in?ut _signal. Wher‘1 SHUTDOWN is held low, the device goes into shutdown mode.
When SHUTDOWN is held at logic high, the device operates normaily.
V2P5 29 2.5-V internal reference bypass
VCP 22 Storage capacitor terminal for charge pump
VoD 8 Vpp bias supply for analog circuitry. This terminal needs to be well filtered to prevent degrading the device

performance.

{'f TeExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-21



TPA005D12
2-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS241B — AUGUST 1999 ~ REVISED MARCH 2000

- Class-D amplifier faults

Table 1. Class-D Amplifier Fault Table’

FAULT of | FAULT 1T DESCRIPTION
1 1 No fauit. — The device is operating normally.
0 -1 Charge pump under-voltage lock-out (VCP-UV) fault. — All low-side transistors are turned on, shorting the load to

ground. Once the charge pump voltage is restored, normal operation resumes, but FAULT1 is still active. FAULT1 is
cleared by cycling MUTE, SHUTDOWN, or the power supply.

1 0 Over-current fault. — The output transistors are all switched off. This causes the load to be in a high-impedance state.
This is a latched fault and is cleared by cycling MUTE, SHUTDOWN, or the power supply.
0 0 Thermal fault. — All the low-side transistors are turned on, shorting the load to ground. This is latched fault and is

cleared by cycling MUTE, SHUTDOWN, or the power supply.
tThese logic levels assume a pullup to PVpp from the open-drain outputs.

absolu:'t:e maximum ratings over operating free-air temperature range, T¢ = 25°C (unless otherwise
noted)

Supply voltage, Vpp (PVDD, LPVDD: RPVDD, VDD) + v v i 55V
Input voltage, V| (SHUTDOWN, MUTE) .........oiiiiiii e -03Vto5.8V
Output current, Io (FAULTO, FAULT1), open drain terminated .................cciiiiiiieainn, 1mA
Charge pump VORagE, VOP -« o vit it e e i e PVpp+15V
Continuous H-bridge outputcurrent ... ... i 2A
Pulsed H-Bridge output current, each output, Ijax (See Note 1) ............ ..o i, 5A
Continuous total power dissipation ............... .. .. i See Dissipation Ratings Table
Operating virtual junction temperaturerange, Ty ..........ccviiiiiiiniiiiiiiinn.s —40°C to 150°C
Operating case temperature range, Tg .............. e —40°C to 125°C
Storage temperature range, Tgtg - -« -« v v vree e —-40°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..................coiiiiaann 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Pulse duration = 10 ms, duty cycle < 2%

DISSIPATION RATING TABLE

PACKAGE Ta <25°Ct DERATING FACTOR Ta=70°C Ta =85°C Ta = 125°C
POWERRATING ABOVETA=25°C  POWER RATING POWER RATING POWER RATING
DCA 56W 44.8 MW/°C 36W 29W 1.1mW

T Please see the Texas Instruments document, PowerPAD Thermally Enhanced Package Application Report (literature number
SLMAO002), for more information on the PowerPAD package. The thermal data was measured on a PCB layout based on the
information in the section entitied Texas Instruments Recommended Board for PowerPAD on page 33 of the before mentioned
document.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, PVpp, LPVpp, RPVpp, Vpp 45 5.5 \
High-level input voltage, ViH 4.25 \'
Low-level input voltage, V| 0.75 \
Audio inputs, LINN, LINP, RINN, RINP, differential input voltage 1| VRMS
PWM frequency 150 450 | kHZ
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electrical characteristics, Class-D amplifier, Vpp = PVpp = LPVpp =RPVpp =5V, RL =4 Q,
Te =25°C, See Figure 1 (resistive load) (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PSRR Power supply rejection ratio \512?; PVDp=LPVpD=RPVpp=4.5Vto 40 dB
IDD Supply current No load, No filter 25 35| mA
IDD(MUTE)  Supply current, mute mode MUTE=0V 3.9 10 mA
Ipp(SD) Supply current, shutdown mode SHUTDOWN =0V 0.2 10 pA
IIH High-level input current ViH=5.3V 1 HA
L Low-level input current ViL=-03V -1 MA
Total static drain-to-source on-state
"DS(on) resistance (low-side plus high-side FETs) Ib=2A 700 900 mQ
Matching, high-side to high-side, low-side to
"DS(on) low-side, same channel Ip=05A 95% 99%

operating characteristics, Class-D amplifier, Vpp = PVpp = LPVpp = RPVpp =5V, R =4 Q,
Tc = 25°C, See Figure 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po RMS output power, THD = 0.5%, per channel 2 w
THD+N Total harmonic distortion plus noise Po=1W, f=1kHz 0.2%
Efficiency Po=1W, RL=8Q 80%
Ay Gain 25 dB
Left/right channel gain matching 95%  99%
Noise floor -55 dBV
Dynamic range 70 dB
Crosstalk f=1kHz -55 dB
Frequency response bandwidth, post output filter, —3 dB ) 20 20000 Hz
Bom Maximum output power bandwidth 20 | kHz
thermal resistance
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Rpgp Thermal resistance, junction-to-pad 10| °C/W
Thermal shutdown temperature 165 °C
‘V TEXAS
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PARAMETER MEASUREMENT INFORMATION
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Figure 1. 5-V, 4-Q Test Circuit, Class-D Amplifier
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® Choose TPA2000D2 For Upgrade DCA PACKAGE
o Extremely Efficient Class-D Stereo (TOP VIEW)
Operation SHUTDOWN CI 10 48 cosc
® Drives L and R Channels, Plus Stereo MUTE I 2 47 AGND
Headphones MODE 1 3 46 'T AGND
® 2-W BTL Output Into 4 Q LINN LI 4 45 L] RINN
° P LINP I 5 44 [T RINP
S-W Peak Music Power Lcomp CT] & 43 -3 RCOMP
® Fully Specified for 5-V Operation AGND 1T 7 42 [T FAULTO
® Low Quiescent Current LFxDD % g :(‘) % ;/’F;l\ll'-“
DD DD
¢ Shutdown Control ... 0.2 uA LouTP T 10 39 -3 ROUTP
® Class-AB Headphone Amplifier LouTtP CIT 11 38 [T ROUTP
® Thermally-Enhanced PowerPAD™ Surface PGND I 12 37 171 PGND
Mount Packaging PGND T 13 36 [C1] PGND
LOUTN I} 14 35 11 ROUTN
[ ] - )
';I:::::};I;r?ver Current, and Under-Voltage LOUTN 0 15 34 -3 ROUTN
LPVpp CI] 16 33 -1 RPVpp
o as HPDL T 17 32 HPDR
description HPLOUT CT 18 31 HPROUT
The TPA005D14 is a monolithic power IC stereo HPLIN CT] 19 30 FT HPRIN
audio amplifier that operates in extremely efficient AGND I3 20 29 [T V2P5
Class-D operation, using the high switching speed PVpp CIH 21 28 P11 PVpp
of power DMOS transistors to replicate the analog \égp £ 22 27 % EIC;TD
input signal through high-frequency switching of CPz % 23 26 cP1
the output stage. This allows the TPA005D14 to 24 25 1]

be configured as a bridge-tied load (BTL) amplifier
capable of delivering up to 2 W of continuous
average power into a 4-Q load at 0.4% THD+N from a 5-V power supply in the high-fidelity audio frequency
range (20 Hz to 20 kHz). A BTL configuration eliminates the need for external coupling capacitors on the output.
Included is a Class-AB headphone amplifier with interface logic to select between the two modes of operation.
Only one amplifier is active at any given time, and the other is in power-saving sleep mode. Also, a chip-level
shutdown control is provided to limit total quiescent current to 0.2 uA, making the device ideal for
battery-powered applications.

A full range of protection circuitry is included to increase device reliability: thermal, over-current, and
under-voltage shutdown, with two status feedback terminals for use when any error condition is encountered.

The high switching frequency of the TPA005D 14 allows the output filter to consist of three small capacitors and
two small inductors per channel. The high switching frequency also allows for good THD+N performance.

The TPA005D14 is offered in the thermally enhanced 48-pin PowerPAD TSSOP surface-mount package
(designator DCA).

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

PowerPAD is a trademark of Texas Instruments Incorporated.

muc‘lgmn information is current as &f ublication date.
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Terminal Functions

TERMINAL
NAME NO. DESCRIPTION

AGND Z6,227 Analog ground for headphone and Class-D analog sections

COSsC 48 Capacitor I/0 for ramp generator. Adjust the capacitor size to change the switching frequency.

CP1 25 First diode node for charge pump

CcpP2 24 First inverter switching node for charge pump

CP3 23 Second diode node for charge pump

CP4 26 | Second inverter switching node for charge pump

FAULTO 42 Logic level fault0 output signal. Lower order bit of the two fault signals with open drain output.

FAULT1 41 Logic level fault1 output signal. Higher order bit of the two fault signals with open drain output.

HPDL 17 Depop control for left headphone

HPDR 32 Depop control for right headphone

HPLIN 19 Headphone amplifier left input

HPLOUT 18 Headphone amplifier left output

HPRIN 30 Headphone amplifier right input

HPROUT 31 Headphone amplifier right output

LCOMP 6 Compensation capacitor terminal for left-channel Class-D amplifier

LINN 4 Class-D left-channel negative input

LINP 5 Class-D left-channel positive input

LOUTN 14, 15 | Class-D amplifier left-channel negative output of H-bridge

LOUTP 10, 11 | Class-D ampilifier left-channel positive output of H-bridge

LPVpp 9,16 | Class-D amplifier left-channel power supply

MODE 3 Lpgic-level mode input sigqql. When MODE is held low, the main Class-D amplifier is active. When MODE is held
high, the head phone amplifier is active.

__ Active-low logic-level mute input signal. When MUTE is held low, the selected amplifier is muted. When MUTE is

MUTE 2 held high, the device operates normally. When the Class-D amplifier is muted, the low-side output transistors are
turned on, shorting the load to ground.

PGND 12, 13 | Power ground for left-channel H-bridge only

PGND 27 Power ground for charge pump only

PGND 36, 37 | Power ground for right-channel H-bridge only

PVpp 21,28 | Vpp supply for charge-pump and gate-drive circuitry

RCOMP 43 Compensation capacitor terminal for right-channel Class-D amplifier

RINN 45 | Class-D right-channel negative input

RINP 44 Class-D right-channel positive input

RPVDp 33, 40 | Class-D amplifier right-channel power supply

ROUTN 34, 35 | Class-D amplifier right-channel negative output of H-bridge

ROUTP 38, 39 | Class-D amplifier right-channel positive output of H-bridge

SAUTDOWN 1 Active-low Iogic-leve[shu’(down in!)ut §ignal. Whep SHUTDOWN is held low, the device goes into shutdown mode.
When SHUTDOWN is held at logic high, the device operates normally.

Va2P5 29 2.5-V internal reference bypass

VCP 22 | Storage capacitor terminal for charge pump

Vop 8 Vpp bias supply for analog circuitry. This terminal needs to be well filtered to prevent degrading the device
performance.
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Class-D amplifier faults

Table 1. Class-D Amplifier Fault Table

FAULT ot | FAULT 11 DESCRIPTION
1 1 No fault. — The device is operating normally.
0 1 Charge pump under-voltage lock-out (VCP-UV) fault — All low-side transistors are turned on, shorting the load to

ground. Once the charge pump voltage is restored, normal operation resumes, but FAULT1 is still active. FAULT1 is
cleared by cycling MUTE, SHUTDOWN, or the power supply.

1 0 Over-current fault — The output transistors are all switched off. This causes the load to be in a high-impedance state.
This is a latched fault and is cleared by cycling MUTE, SHUTDOWN, or the power supply.
0 0 Thermal fault — All the low-side transistors are turned on, shorting the load to ground. This is latched fault and is

cleared by cycling MUTE, SHUTDOWN, or the power supply.
T These logic levels assume a pullup to PVpp from the open-drain outputs.

headphone amplifier faults

The thermal fault remains active when the device is in head phone mode. This fault operates exactly the same
as it does for the Class-D amplifier (see Table 1).

If LPVpp or RPVpp drops below 4.5 V, the headphone is disabled by the under-voltage lockout circuitry. Once
LPVpp and RPVpp exceed 4.5 V, the headphone amplifier is re-enabled. No fault is reported to the user.

AVAILABLE OPTIONS
PACKAGED DEVICES
TA TSsopt
(DCA)
—40°C to 125°C TPA0O05D14DCA

T The DCA package is available in left-ended tape and reel. To order
a taped and reeled part, add the suffix R to the part number (e.g.,
TPAQO5D14DCAR).
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absolute maximum ratings over operating free-air temperature range, Tg = 25°C (uniess otherwise

noted)#
Supply voltage, Vpp (PVDD, LPVDD, RPVDD: VDD) - - vt v ettt eanes 55V
Input voltage, V) (SHUTDOWN, MUTE, MODE) ...........oitiiiiiiiiiiieeanenne. -0.3Vto58V
Output current, lo (FAULTO, FAULT1), open drainterminated ................c.cooiiiiiiniinnnn 1mA
Charge PUMP VOIAGE, VOGP -« -+« vt ettt te et e e e e et et e et e PVpp + 15V
Continuous H-bridge output CUITeNnt . ........ ... o e 2A
Pulsed H-Bridge output current, each output, Imax (seeNote 1) ...t 5A
Continuous total power dissipation ............... ... .. oo See Dissipation Ratings Table
Operating virtual junction temperaturerange, Ty ...t . —40°C to 150°C
Operating case temperature range, To . .....c.oiiiiiii i —40°C to 125°C
Storage temperature range, Tagg - ... . .vvnnniiin —40°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: Pulse duration = 10 ms, duty cycle < 2%

DISSIPATION RATING TABLE
PACKAGE Ta <25°Ct DERATING FACTOR Ta =70°C Tp = 85°C TA = 125°C
POWERRATING ABOVETA=25°C POWERRATING POWER RATING POWER RATING
DCA 56W 44.8 mW/°C 3.6W 29W 1.1 mW

¥ See the Texas Instruments document, PowerPAD Thermally Enhanced Package Application Report (literature number
SLMAO002), for more information on the PowerPAD package. The thermal data was measured on a PCB layout based on the
information in the section entitled Texas Instruments Recommended Board for PowerPAD on page 33 of the before mentioned
document.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, PVpp, LPVpp, RPVpD, VDD 4.5 5.5 Vv
High-level input voltage, V|4 (MUTE, MODE, SHUTDOWN) 4.25 %
Low-level input voltage, V) (MUTE, MODE, SHUTDOWN) 075 Vv
Audio inputs, LINN, LINP, RINN, RINP, HPLIN, HPRIN, differential input voltage 1| VRMS
PWM frequency 150 450 | kHZ

electrical characteristics, Class-D ampilifier, Vpp = PVpp = LPVpp =RPVpp=5V,R_. =4 Q,
Ta = 25°C, See Figure 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power supply rejection ratio Vpp =PVpp =LPVpp =RPVpp=45Vto55V -40 dB
IbD Supply current No output filter connected 25 35| mA
IDD(MUTE)  Supply current, mute mode MUTE=0V 3.9 10| mA
IDp(SD) Supply current, shutdown mode SHUTDOWN =0 V 0.2 10 pA
IIH High-level input current VIH=5.3V 1 MA
L Low-level input current ViL=-03V -1 pA
Total static drain-to-source on-state
DS(on) resistance (low-side plus high-side |Ip=0.5A 700 900 | mQ
FETs)
DS i i s pel_|/0=054
!
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operating characteristics, Class-D amplifier, Vpp = PVpp = LPVpp=RPVpp=5V,R_ =4 Q,
Ta = 25°C, See Figure 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po RMS output power :’Zr1cll(1::;1el THD =0.5%, 2 W
THD+N Total harmonic distortion plus noise Po=1W, f=1kHz 0.2%
Efficiency Po=1W, RL=8Q 80%
Ay Gain 20 dB
Left/right channel gain matching 95% 99%
Noise floor -55 dBvV
Dynamic range 70 dB
Crosstalk f=1kHz -56 dB
Frequency response bandwidth, post output filter, —3 dB 20 20000 Hz
Bom Maximum output power bandwidth 20 | kHz
Zj Input impedance 10 kQ

electrical characteristics, headphone amplifier, PVpp = LPVpp=RPVpp =5V, R =32 Q, Tp = 25°C,
See Figure 3 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power supply rejection ratio PVpp=4.5Vto55YV, -60 dB
Ay =-1VN
Uncompensated gain range -1 -10] VNV
DD Supply current 8 10| mA
IDD(MUTE)  Supply current, mute mode 1.5 2 mA
Ipp(SD) Supply current, shutdown mode 0.2 10 A
iB Input bias current 30 MA

operating characteristics, headphone amplifier, PVpp =LPVpp =RPVpp =5V, R =32 Q, Tp =25°C,
See Figure 3 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
THD = 0.5%, f=1kHz,
Po Output power Ay =10V 50 mwW
Supply voltage rejection ratio f=1kHz -60 dB
Noise floor -84 dBv
Dynamic range 90 dB
Crosstalk f=1kHz -38 dB
Frequency response bandwidth, post output filter, -3 dB 20 20000 Hz
Bom Maximum output power bandwidth 20| kHz
Z) Input impedance >1 MQ
thermal shutdown
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Thermal shutdown temperature 165 °C
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PARAMETER MEASUREMENT INFORMATION
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Figure 1. 5-V, 4-Q Test Circuit, Class-D Amplifier
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PARAMETER MEASUREMENT INFORMATION
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Figure 2. Headphone Test Circuit
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NOTE A. % = power ground and = = analog ground

Figure 3. TPA032D04 Typical Configuration Application Circuit
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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input capacitor, C;

In the typical application an input capacitor, C|, is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, C; and R|y, the TPAO05D14’s input resistance forms a
high-pass filter with the corner frequency determined in equation 1.

—
-3dB

_ 1
fo(highpass) = 21Z,C, (1

Z) is nominally 10 kQ

fe

The value of C; is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where the specification calls for a flat bass response down to 40 Hz. Equation 1 is
reconfigured as equation 2.

_ 1
=z, ()

In this example, C; is 0.40 uF so one would likely choose a value in the range of 0.47 uF to 1 uF. A low-leakage
tantalum or ceramic capacitor is the best choice for the input capacitors. When polarized capacitors are used,
the positive side of the capacitor should face the ampilifier input as the dc level there is held at 1.5 V, which is
likely higher than the source dc level. Please note that it is important to confirm the capacitor polarity in the
application.

differential input

The TPA005D14 has differential inputs to minimize distortion at the input to the IC. Since these inputs nominally
sit at 1.5 V, dc-blocking capacitors are required on each of the four input terminals. If the signal source is
single-ended, optimal performance is achieved by treating the signal ground as a signal. In other words,
reference the signal ground at the signal source, and run a trace to the dc-blocking capacitor which should be
located physically close to the TPA005D14. If this is not feasible, it is still necessary to locally ground the unused
input terminal through a dc-blocking capacitor.

power supply decoupling, Cg

The TPA005D14 is a high-performance Class-D CMOS audio ampilifier that requires adequate power supply
decoupling to ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling
also prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling
is achieved by using two capacitors of different types that target different types of noise on the power supply
leads. For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-
resistance (ESR) ceramic capacitor, typically 0.1 uF placed as close as possible to the device’s various Vpp
leads works best. For filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 pF
or greater placed near the audio power amplifier is recommended.

The TPA005D14 has several different power supply terminals. This was done to isolate the noise resulting from
high-current switching from the sensitive analog circuitry inside the IC.
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mute and shutdown modes

The TPA005D14 employs both a mute and a shutdown mode of operation designed to reduce supply current,
Ipp, to the absolute minimum level during periods of nonuse for battery-power conservation. The SHUTDOWN
input terminal should be held high during normal operation when the ampilifier is in use. Pulling SHUTDOWN
low causes the outputs to mute and the amplifier to enter a low-current state, Ipp = 0.2 pA. Mute mode alone
reduces Ipp to 10 mA.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real (as opposed to ideal)
capacitor can be modeled simply as a resistor in series with an ideal capacitor. The voltage drop across this
resistor minimizes the beneficial effects of the capacitor in the circuit. The lower the equivalent value of this
resistance the more the real capacitor behaves like an ideal capacitor.

output filter components

The output inductors are key elements in the performance of the class-D audio amplifier system. It is important
that these inductors have a high enough current rating and a relatively constant inductance over frequency and
temperature. The current rating should be higher than the expected maximum current to avoid magnetically
saturating the inductor. When saturation occurs, the inductor loses its functionality and looks like a short circuit
to the PWM signal, which increases the harmonic distortion considerably.

A shielded inductor may be required if the class-D amplifier is placed in an EMI sensitive system; however, the
switching frequency is low for EMI considerations and should not be an issue in most systems. The dc series
resistance of the inductor should be low to minimize losses due to power dissipation in the inductor, which
reduces the efficiency of the circuit. '

Capacitors are important in attenuating the switching frequency and high frequency noise, and in supplying
some of the current to the load. It is best to use capacitors with low equivalent-series-resistance (ESR). A low
ESR means that less power is dissipated in the capacitor as it shunts the high-frequency signals. Placing these
capacitors in parallel also parallels their ESR, effectively reducing the overall ESR value. The voltage rating is
also important, and, as a rule of thumb, should be 2 to 3 times the maximum rms voltage expected to allow for
high peak voltages and transient spikes. These output filter capacitors should be stable over temperature since
large currents flow through them.

For 8-Q loads, double the inductor value and halve the common-mode capacitors (i.e., 15 pH to 30 pH). For
more information, see application report SLOA023, Reducing and Eliminating the Class-D Output Filter and
application report SLOA031, Design Considerations for Class-D Audio Power Amplifiers.
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efficiency of class-D vs linear operation

Amplifier efficiency is defined as the ratio of output power delivered to the load to power drawn from the supply.
In the efficiency equation below, P|_is power across the load and Pgyp is the supply power.
PL
Efficiency = n = P
SUP

A high-efficiency amplifier has a number of advantages over one with lower efficiency. One of these advantages
is a lower power requirement for a given output, which translates into less waste heat that must be removed
from the device, smaller power supply required, and increased battery life.

Audio power amplifier systems have traditionally used linear amplifiers, which are well known for being
inefficient. Class-D amplifiers were developed as a means to increase the efficiency of audio power amplifier
systems.

A linear amplifier is designed to act as a variable resistor network between the power supply and the load. The
transistors operate in their linear region and voltage that is dropped across the transistors (in their role as
variable resistors) is lost as heat, particularly in the output transistors.

The output transistors of a class-D amplifier switch from full OFF to full ON (saturated) and then back again,
spending very little time in the linear region in between. As a result, very little power is lost to heat because the
transistors are not operated in their linear region. If the transistors have a low ON resistance, little voltage is
dropped across them, further reducing losses. The ideal class-D amplifier is 100% efficient, which assumes that
both the ON resistance (rps(on)) and the switching times of the output transistors are zero.

the ideal class-D amplifier

To illustrate how the output transistors of a class-D amplifier operate, a half-bridge application is examined first
(Figure 21). '

Vob

Figure 21. Half-Bridge Class-D Output Stage

Figures 22 and 23 show the currents and voltages of the half-bridge circuit. When transistor M1 is on and M2
is off, the inductor current is approximately equal to the supply current. When M2 switches on and M1 switches
off, the supply current drops to zero, but the inductor keeps the inductor current from dropping. The additional
inductor current is flowing through M2 from ground. This means that Vp, (the voltage at the drain of M2, as shown
in Figure 21) transitions between the supply voltage and slightly below ground. The inductor and capacitor form
a low-pass filter, which makes the output current equal to the average of the inductor current. The low pass filter
averages Vp, which makes Vgoyt equal to the supply voltage multiplied by the duty cycle.
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the ideal class-D amplifier (continued)

Control logic is used to adjust the output power, and both transistors are never on at the same time. If the output
voltage is rising, M1 is on for a longer period of time than M2.

4 Inductor Current
/ I~ T T e Output Current
= Supply Current
[
5
o
0 1 »
M1 on; M1 off, M1 on
M2 off|| M20n|| M2 off: eee
Time
Figure 22. Class-D Currents
A
Vbp
V,
o | "
>
Vout

M1 on |M1 off M1 on
Mzoﬁ:Mzon IMzoff: eeeo

Time

Figure 23. Class-D Voltages
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the ideal class-D amplifier (continued)

Given these plots, the efficiency of the class-D device can be calculated and compared to an ideal linear
amplifier device. In the derivation below, a sine wave of peak voltage (Vp) is the output from an ideal class-D
and linear amplifier and the efficiency is calculated.

CLASS-D LINEAR
\' Vv
__P _'p
Vigms) = 75 Vims) = 75
2
| XV Vv Vv 2
L(rms) L(rms) L(rms) P
Average || = P, = =_r
(DD) VDD L RL 2 L
P, =V, xI A 1) =2 % Ve
L=V X1 verage(DD)-ﬁ— R
Psup = Vpp X Average(] Psup = Vpp X Average(| _Voo Ve 2
sup = Vpp X Average DD) sup = Vpp * Average DD) “TR, n
\ | xV P
PSUP _ _Dbbx L(r\r/ns) L(rms) Efficiency = n = ‘P—L
DD SUP
Vp2
Effici AL Effici v 2R,
iciency = M = 5—— iciency = n = X
PSUP DD 2 N} _V_P
T RL
Ve
Efficiency = n =1 Efficiency = n = % x o——
4 VDD

In the ideal efficiency equations, assume that Vp = Vpp, which is the maximum sine wave magnitude without
clipping. Then, the highest efficiency that a linear amplifier can have without clipping is 78.5%. A class-D
amplifier, however, can ideally have an efficiency of 100% at all power levels.

The derivation above applies to an H-bridge as well as a half-bridge. An H-bridge requires approximately twice
the supply current but only requires half the supply voltage to achieve the same output power—factors that
cancel in the efficiency calculation. The H-bridge circuit is shown in Figure 24.

Vpp Vbp

_]M1|_,_’|9_m-’ M4|__

VA

_JMZ

+ VouT-
AW

L CLL RL
1

‘l—fcl. ) M3 |_

Figure 24. H-Bridge Class-D Output Stage
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losses in a real-world class-D amplifier

Losses make class-D amplifiers nonideal, and reduce the efficiency below 100%. These losses are due to the
output transistors having a nonzero rpgon), and rise and fall times that are greater than zero.

The loss due to a nonzero rpg(on) is called conduction loss, and is the power lost in the output transistors at
nonswitching times, when the transistor is ON (saturated). Any Rpgon) above 0 Q causes conduction loss.
Figure 25 shows an H-bridge output circuit simplified for conduction loss analysis and can be used to determine
new efficiencies with conduction losses included.

Vpp=5V

RDS(on) 035Q 5MQ HDS(O")
RL

Rps(off) Rps(on)

Figure 25. Output Transistor Simplification for Conduction Loss Calculation

The power supplied, Pgyp, is determined to be the power output to the load plus the power lost in the transistors,
assuming that there are always two transistors on.

- PL
Efficiency = n = Po -
SUP
Effici |2RL
iclency = mn = ﬁ
| 2rDS(on) + 1°R
Effici RL
iciency = 1 = 0
2rpson) + RL
Efficiency = n = 95% (at all output levels rDS(on) =01, R = 4)
Efficiency = 1 = 85% (at all output levels rpg oy = 0.35, R = 4)
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losses in a real-world class-D amplifier (continued)

Losses due to rise and fall times are called switching losses. A plot of the output, showing switching losses, is
shown in Figure 26.

le al
I 1 i

fsw

e

tswon + tswotf = tsw
Figure 26. Output Switching Losses

Rise and fall times are greater than zero for several reasons. One is that the output transistors cannot switch
instantaneously because (assuming a MOSFET) the channel from drain to source requires a specific period
of time to form. Another is that transistor gate-source capacitance and parasitic resistance in traces form RC
time constants that also increase rise and fall times.

Switching losses are constant at all output power levels, which means that switching losses can be ignored at
high power levels in most cases. At low power levels, however, switching losses must be taken into account
when calculating efficiency. Switching losses are dominated by conduction losses at the high output powers,
but should be considered at low powers. The switching losses are automatically taken into account if you
consider the quiescent current with the output filter and load.

class-D effect on power supply

Efficiency calculations are an important factor for proper power supply design in amplifier systems. Table 2
shows class-D efficiency at a range of output power levels (per channel) with a 1-kHz sine wave input. The
maximum power supply draw from a stereo 1-W per channel audio system with 8-Q loads and a 5-V supply is
almost 2.7 W. A similar linear amplifier such as the TPA005D 14 has a maximum draw of 3.25 W under the same
circumstances.

Table 2. Efficiency vs Output Power in 5-V 8-Q H-Bridge Systems

Output Power (W) Efficlency (%) Peak Voltage (V) Internal Dissipation (W)
0.25 63.4 2 0.145
0.5 73 2.83 0.183
0.75 771 3.46 0.222
1 79.3 4 0.314
1.25 80.6 4.47% 0.3

1 High peak voltages cause the THD to increase
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class-D effect on power supply (continued)

There is a minor power supply savings with a class-D amplifier versus a linear amplifier when amplifying sine
waves. The difference is much larger when the ampilifier is used strictly for music. This is because music has
much lower RMS output power levels, given the same peak output power (Figure 27); and although linear
devices are relatively efficient at high RMS output levels, they are very inefficient at mid-to-low RMS power
levels. The standard method of comparing the peak power to RMS power for a given signal is crest factor, whose
equation is shown below. The lower RMS power for a set peak power results in a higher crest factor

Crest Factor = 10 log ?
ms

PpK

Power

PRMS

Time
Figure 27. Audio Signal Showing Peak and RMS Power

Figure 28 is a comparison of a 5-V class-D amplifier to a similar linear amplifier playing music thathas a 13.76-dB
crest factor. From the plot, the power supply draw from a stereo ampilifier that is playing music with a 13.76 dB
crest factor is 1.02 W, while a class-D amplifier draws 420 mW under the same conditions. This means that just
under 2.5 times the power supply is required for a linear amplifier over a class-D ampilifier.

POWER SUPPLIED
vs
PEAK OUTPUT VOLTAGE AND PEAK OUTPUT POWER
500 /’
T
b= /
2 TPA0202 /
[-3
e "
3 300 =
]
g
g 200 TPA005D14 —
/ /
‘___/
100
0
1 15 2 25 3 3.5 4 4.5 Peak Output Voltage (V)
0.25 0.56 1 156 225 3.06 4 5.06 Peak Output Power (W)

Figure 28. Audio Signal Showing Peak and RMS Power (With Music Applied)
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class-D effect on battery life

Battery operations for class-D amplifiers versus linear amplifiers have similar power supply savings results. The
essential contributing factor to longer battery life is lower RMS supply current. Figure 29 compares the
TPA005D14 supply current to the supply current of the TPA0202, a 2-W linear device, while playing music at
different peak voltage levels.

SUPPLY CURRENTS
Vs
PEAK OUTPUT VOLTAGE AND PEAK OUTPUT POWER
400
350
g o d
<
E 250
B TPA0202
£ 200
3 /
> A
a 150 —
=
7]
100 - /
/ TPA005D14
50
0
1 15 2 25 3 3.5 4 Peak Output Voltage (V)
0.25 0.56 1 1.56 2.25 3.06 4 Peak Output Power (W)

Figure 29. Supply Current vs Peak Output Voltage of TPA005D14 vs TPA0202 With Music Input

This plot shows that a linear amplifier has approximately three times more current draw at normal listening levels
than a class-D ampilifier. Thus, a class-D amplifier has approximately three times longer battery life at normal
listening levels. If there is other circuitry in the system drawing supply current, that must also be taken into
account when estimating battery life savings.
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crest factor and thermal considerations

Atypical music CD requires 12 dB to 15 dB of dynamic headroom to pass the loudest portions without distortion
as compared with the average power output. From the TPA005D14 data sheet, one can see that when the
TPA005D14 is operating from a 5-V supply into a 4-Q speaker that 4 W peaks are available. Converting Watts
to dB:

P = 10Log [ ™) - 10Log (4) = 6 dB
B = 9\p )T 109\3) 7 ®)
ref
Subtracting the crest factor restriction to obtain the average listening level without distortion yields:
6.0 dB — 18 dB = — 12 dB (15 dB crest factor)

6.0dB —15dB = — 9 dB (15 dB crest factor)
6.0 dB — 12 dB = — 6 dB (12 dB crest factor)
6.0dB-9dB = — 3 dB (9 dB crest factor)
6.0dB -6 dB = — 0 dB (6 dB crest factor)
6.0 dB — 3 dB = 3 dB (3 dB crest factor)

Converting dB back into watts:

P.,, = 10PdB/10 « p
w 0 % Fref (4)

63 mW (18 dB crest factor)
125 mW (15 dB crest factor)
= 250 mW (12 dB crest factor)
500 mW (9 dB crest factor)
1000 mW (6 dB crest factor)
2000 mW (3 dB crest factor)

This is valuable information to consider when attempting to estimate the heat dissipation requirements for the
amplifier system. Comparing the absolute worst case, which is 2 W of continuous power output with a 3 dB crest
factor, against 12 dB and 15 dB applications drastically affects maximum ambient temperature ratings for the
system. Using the power dissipation curves for a 5-V, 4-Q system, the internal dissipation in the TPA005D14
and maximum ambient temperatures is shown in Table 3.
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crest factor and thermal considerations (continued)

Table 3. TPA005D14 Power Rating, 5-V, 4-Q, Stereo

PEAK OUTPUT POWER | AVERAGE OUTPUT POWER DISSIPATION MAXIMUM AMBIENT
w) POWER (W/Channel) TEMPERATURE

4 2W (3 dB) 0.56 - 125°C

4 1000 mW (6 dB) 0.30 136°Cct
4 500 mW (9 dB) 0.23 13g°ct
4 250 mW (12 dB) 0.20 141°ct
4 120 mW (15 dB) 0.14 143°ct
4 63 mW (18 dB) 0.09 146°Ct

1 Case temperature (T¢) is rated to 125°C maximum.

DISSIPATION RATING TABLE
PACKAGE TA<25°C  DERATING FACTOR Tp=70°C TA =85°C
DCA 56 W 44.8 mW/°C 35W 29W

The maximum ambient temperature depends on the heatsinking ability of the PCB system. Using the 0 CFM
data from the dissipation rating table, the derating factor for the DCA package with 6.9 in2 of copper area on
a multilayer PCB is 44.8 mW/°C. Converting this to ©ja:

A = S
Derating (5)

__1
= 0.0448
22.3°C/W

To calculate maximum ambient temperatures, first consider that the numbers from the dissipation graphs are
per channel so the dissipated heat needs to be doubled for two channel operation. Given @5, the maximum
allowable junction temperature, and the total internal dissipation, the maximum ambient temperature can be
calculated with the following equation. The maximum recommended junction temperature for the TPAO05D 14
is 150 °C. The internal dissipation figures are taken from the Efficiency vs Output Power graphs.

150 — 22.3(0.14 x 2) 143°C (15 dB crest factor)
150 — 22.3(0.56 x 2)

I

1}
I

125°C (3dB crest factor)

NOTE:
Internal dissipation of 0.6 W is estimated for a 2-W system with a 15 dB crest factor per channel.

Table 3 shows that for some applications no airflow is required to keep junction temperatures in the specified
range. The TPA0O05D14 is designed with thermal protection that turns the device off when the junction
temperature surpasses 150°C to prevent damage to the IC. Table 3 was calculated for maximum listening
volume without distortion. When the output level is reduced the numbers in the table change significantly. Also,
using 8-Q speakers dramatically increases the thermal performance by increasing amplifier efficiency.
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THERMAL INFORMATION

The thermally enhanced DCA package is based on the 56-pin TSSOP, but includes a thermal pad (see Figure 30)
to provide an effective thermal contact between the IC and the PWB.

Traditionally, surface mount and power have been mutually exclusive terms. A variety of scaled-down TO-220-type
packages have leads formed as gull wings to make them applicable for surface-mount applications. These packages,
however, have only two shortcomings: they do not address the very low profile requirements (<2 mm) of many of
today’s advanced systems, and they do not offer a terminal-count high enough to accommodate increasing
integration. On the other hand, traditional low-power surface-mount packages require power-dissipation derating that
severely limits the usable range of many high-performance analog circuits.

The PowerPAD package (thermally enhanced TSSOP) combines fine-pitch surface-mount technology with thermal
performance comparable to much larger power packages.

The PowerPAD package is designed to optimize the heat transfer to the PWB. Because of the very small size and
limited mass of a TSSOP package, thermal enhancement is achieved by improving the thermal conduction paths that
remove heat from the component. The thermal pad is formed using a patented lead-frame design and manufacturing
technique to provide a direct connection to the heat-generating IC. When this pad is soldered or otherwise thermally
coupled to an external heat dissipator, high power dissipation in the ultra-thin, fine-pitch, surface-mount package can
be reliably achieved.
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Figure 30. Views of Thermally Enhanced DCA Package
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® Choose TPA2000D2 For Upgrade
o Extremely Efficient Class-D Stereo SHUTDOWN 10 48 % cosc
Operation MUTE 2 47 AGND
. AGND 3 46 "1 AGND
® Drives L and R Channels UNN £ 4 45 EO RINN
® 2-W BTL Output into 4 Q LINe CI s 44 [T RINP
® 5.W Peak Music Power Lcomp CI] & 43 13 rCOMP
cer . AGND T 7 42 ' T FAULTO
[ ] -

Fully Specified for 5-V Operation e 41 B0 FauLT
® Low Quiescent Current LPVpp I o 40 T3 RPVpp
® Shutdown Control LOUTP I 10 39 [T ROUTP
® Thermally-Enhanced PowerPAD™ Surface Loute CT4 38 [T ROUTP

Mount Packaging PGND CIH 12 37 £ T PGND

PGND I} 13 36 |11 PGND
® Thermal and Under-Voltage Protection LOUTN O] 14 35 -3 ROUTN

. LOUTN T 15 34 I'T] ROUTN

description LPVpp LI 16 a3 -0 RPVpp
The TPA005D02 is a monolithic power IC stereo :g g :; gf g Z\(/:DD
audio amplifier. It operates in extremely efficient NC O 19 30 3 NG
Class-D operation, using the high switching speed AGND O 20 20 3 v2ps
of power DMOS transistors. These transistors

. . : PVpp CI 21 28 [T LSBIAS

replicate the analog signal through high-frequen- VvCP 1 22 27 E0 PGND
cy switching of the output stage. This allows the cP3 1 23 26 -1 cPa
TPAOOSDO? ‘to be configured as a bridge-tied load cP2 I 24 25 b3 cp1
(BTL) amplifier.
When configured as a BTL amplifier, the NC - No intemal connection

TPA005D02 is capable of delivering up to 2 W of
continuous average power into a 4-Q load at 0.5%
THD+N from a 5-V power supply in the high fidelity
range (20 Hz to 20 kHz).

A BTL configuration eliminates the need for external coupling capacitors on the output. A chip-level shutdown
control limits total supply current to 400 pA. This makes the device ideal for battery-powered applications.

Protection circuitry increases device reliability: thermal and under-voltage shutdown, with two status feedback
terminals for use when any error condition is encountered.

The high switching frequency of the TPA005D02 allows the output filter to consist of three small capacitors and
two small inductors per channel. The high switching frequency also allows for good THD+N performance.

The TPA005DO02 is offered in the thermally enhanced 48-pin PowerPAD TSSOP surface-mount package
(designator DCA).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information Is current as of publication date. Copyright © 2000, Texas Instruments Incorporated
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Terminal Functions

TERMINAL
DESCRIPTION
NAME NO.
AGND 3,7,20, |Analogground for analog sections
46, 47

CcoscC 48 Capacitor I/O for ramp generator. Adjust the capacitor size to change the switching frequency.

CP1 25 First diode node for charge pump

CcP2 24 First inverter switching node for charge pump

CP3 23 Second diode node for charge pump

CP4 26 Second inverter switching node for charge pump

FAULTO 42 Logic level fault output signal. Lower order bit of the two fault signals with open drain output.

FAULT1 41 Logic level fault1 output signal. Higher order bit of the two fault signals with open drain output.

LCOMP 6 Compensation capacitor terminal for left-channel Class-D amplifier

LINN 4 Class-D left-channel negative input

LINP 5 Class-D left-channel positive input

LOUTN 14,15 Class-D amplifier left-channel negative output of H-bridge

LOUTP 10, 11 Class-D ampilifier left-channel positive output of H-bridge

LPVpp 9,16 Class-D amplifier left-channel power supply

LSBIAS 28 Level-shifter power supply, to be tied to VCP

MUTE 2 Active-low logic-level mute input signal. When MUTE is held low, the selected amplifier is muted. When MUTE
is held high, the device operates normally. When the Class-D amplifier is muted, the low-side output transistors
are turned on, shorting the load to ground.

NC 17, 18, 19, | No internal connection

30, 31 :

PGND 12,13 Power ground for left-channel H-bridge only

PGND 27 Power ground for charge pump only

PGND 36, 37 Power ground for right-channel H-bridge only

PVpD 21,32 VpD supply for charge-pump and internal logic circuitry

RCOMP 43 Compensation capacitor terminal for right-channel Class-D amplifier

RINN 45 Class-D right-channel negative input ‘

RINP 44 - Class-D right-channel positive input

RPVDD 33, 40 Class-D amplifier right-channel power supply

ROUTN 34,35 Class-D amplifier right-channel negative output of H-bridge

ROUTP 38, 39 Class-D amplifier right-channel positive output of H-bridge

SHUTDOWN 1 Active-low logic-level shutdown input signal. When SHUTDOWN is held low, the device goes into shutdown
mode. When SHUTDOWN is held at logic high, the device operates normally.

Va2P5 29 2.5-V internal reference bypass

VCP 22 Storage capacitor terminal for charge pump

Vbb 8 Vpp bias supply for analog circuitry. This terminal needs to be well filtered to prevent degrading the device
performance.
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Class-D ampilifier faults

Table 1. Ampilifier Fault Table

FAULT ot | FAULT 11 DESCRIPTION
1 1 No fault—The device is operating normally.
1 0 Charge pump under-voltage lock-out (VCP-UV) fault—All low-side transistors are turned on, shorting the load to

ground. Once the charge pump voltage is restored, normal operation resumes, but FAULT1 is still active. FAULT1 is
cleared by cycling MUTE, SHUTDOWN, or the power supply.

0 0 Thermal fault—All the low-side transistors are turned on, shorting the load to ground. Once the junction temperature
drops 20°C, normal operation resumes. But the FAULTx terminals are still set and are cleared by cycling MUTE,
SHUTDOWN, or the power supply. ’

t These logic levels assume a pull up to PVpp from the open-drain outputs.

AVAILABLE OPTIONS
PACKAGED DEVICES
Ta Tssopt
(DCA)
—40°C to 125°C TPA005D02DCA

tThe DCA package is available in left-ended tape and reel. To order
a taped and reeled part, add the suffix R to the part number (e.g.,
TPA005D02DCAR).

absolu;e maximum ratings over operating free-air temperature range, T¢ = 25°C (unless otherwise
noted)

Supply voltage, Vpp (PVpp; LPVpD, RPVDD, VDD) -+« vt it 55V
Bias voltage (LSBIAS) . ...t e e 12Vto20V
Input voltage, V| (SHUTDOWN, MUTE, MODE) ........coiiiiiiiiiiiiiiiiiinaeanne, -0.3Vto58V
Output current, g (FAULTO, FAULT1), open drainterminated ...............coiiiiiniiiiinnne.. 1mA
Charge pump Voltage, VOP « ..o ve vttt i e s PVpp+20V
Continuous H-bridge output CUITENt .. ... .. . i it et i e 2A
Pulsed H-Bridge output current, each output, Imgx (seeNote 1) ............ ...t 5A
Continuous total power dissipation, T =25%C .. ......ooiiiiiiiiiiiiiiii it ieas 45W$§
Operating virtual junction temperature range, Ty .........coviiiiiiiiiiniiinnnnns. —-40°C to 150°C
Operating case temperature range, TG ... v v vttt —40°C to 125°C
Storage temperature range, Tatg « -+« vvrrrren i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..................cccviiiinnnnn 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

§ Thermal shutdown activates when T = 125°C.

NOTE 1: Pulse duration = 10 ms, duty cycle < 2%

DISSIPATION RATING TABLE
PACKAGE Ta <25°CT DERATING FACTOR Ta = 70°C Ta =85°C Ta =125°C
POWERRATING ABOVETA=25°C  POWER RATING POWER RATING POWER RATING
DCA 5.6 W 44.8 MW/°C 3.6W 29W 1AW

1 Please see the Texas Instruments document, PowerPAD Thermally Enhanced Package Application Report (literature number
SLMA002), for more information on the PowerPAD package. The thermal data was measured on a PCB layout based on the
information in the section entitled Texas Instruments Recommended Board for PowerPAD on page 33 of the before mentioned
document.
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recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, PVpp, LPVpp, RPVpD, VDD 4.5 5.5 \
High-level input voltage, ViH 4.25 \
Low-level input voltage, V|_ 0.75 \
Audio inputs, LINN, LINP, RINN, RINP, HPLIN, HPRIN, differential input voltage 1| VRms
PWM frequency 100 500 | kHZ

electrical characteristics, Vpp = PVpp = LPVpp = RPVpp =5 V, R = 4 Q, T¢ = 25°C, See Figure 1
(resistive load) (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
PSRR Power supply rejection ratio Vpp=PVpp=LPVpp=RPVpp=49Vto51V 40 dB
IDD Supply current No load or output filter 25 40 mA
IDD(MUTE) Supply current, mute mode MUTE=0V 10 15| mA
IDD(SD) Supply current, shutdown mode SHUTDOWN =0 V 400 2000 | pA
1™ High-level input current ViH=5.3V 10 A
(T8 Low-level input current ViL=-0.3V -10 uA
Total static drain-to-source
DS(on) on-state resistance ID=05A 620 750 | mQ
(low-side plus high-side FETs)
'DS(on) Matching 95%  99.5%

operating characteristics, Vpp = PVpp = LPVpp = RPVpp =5 V, R|_ =4 Q, T¢c = 25°C, See Figure 1
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po RMS output power, THD = 0.5%, per channel 2 w
THD+N  Total harmonic distortion plus noise Po=1W, f=1kHz 0.2%
Efficiency RL=8Q 80%
Ay Gain 24 dB
Left/right channel gain matching 95%
Noise floor 60 dB
Dynamic range 70 dB
Crosstalk f=1kHz 55 dB
Frequency response bandwidth, post output filter, ~3 dB 20 20,000 Hz
Bowm Maximum output power bandwidth 20 | kHz
thermal resistance
PARAMETER TESTCONDITIONS | MIN TYP MAX | UNIT
Rggp Thermal resistance, junction-to-pad 10| °CW
RgJA Thermal resistance, junction-to-padt 223 °C/W

1 Please see the Texas Instruments document, PowerPAD Thermally Enhanced Package Application Report (literature number SLMA002), for
more information on the PowerPAD package. The thermal data was measured on a PCB layout based on the information in the section entitled
Texas Instruments Recommended Board for PowerPAD on page 33 of the before mentioned document.
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PARAMETER MEASUREMENT INFORMATION
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Differential
Input Signal

Balanced {—|(—5

Balanced {—!
Differential
Input Signal —l

1uF

33,40 !
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Figure 1. 5-V, 4-Q Test Circuit
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTEHISTICS
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THERMAL INFORMATION

The thermally enhanced DCA package is based on the 56-pin TSSOP, but includes a thermal pad (see Figure 11)
to provide an effective thermal contact between the IC and the PWB.

Traditionally, surface mount and power have been mutually exclusive terms. A variety of scaled-down TO-220-type
packages have leads formed as gull wings to make them applicable for surface-mount applications. These packages,
however, have only two shortcomings: they do not address the very low profile requirements (<2 mm) of many of
today’s advanced systems, and they do not offer a terminal-count high enough to accommodate increasing
. integration. On the other hand, traditional low-power surface-mount packages require power-dissipation derating that
severely limits the usable range of many high-performance analog circuits.

The PowerPAD package (thermally enhanced TSSOP) combines fine-pitch surface-mount technology with thermal
performance comparable to much larger power packages.

The PowerPAD package is designed to optimize the heat transfer to the PWB. Because of the very small size and
limited mass of a TSSOP package, thermal enhancement is achieved by improving the thermal conduction paths that
remove heat from the component. The thermal pad is formed using a patented lead-frame design and manufacturing
technique to provide a direct connection to the heat-generating IC. When this pad is soldered or otherwise thermally
coupled to an external heat dissipator, high power dissipation in the ultra-thin, fine-pitch, surface-mount package can
be reliably achieved.

mm|

(11

g 1]

[oE ST HHD [
g 13

Side View (a) Thermal 11
% Pad 1]

11

[ DE_] F\L\, ] mm|
End View (b) g:: %
(- (1]

Bottom View (c)

Figure 11. Views of Thermally Enhanced DCA Package

selection of components

Figure 12 is a schematic diagram of a typical notebook computer application circuit.
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APPLICATION INFORMATION

r
{ FauLto 42—
4
VCP _%] LSBIAS FAULT! |—
PVpp —Jl SHUTDOWN 3415 15 uH
PVpp —2 MUTE LOUTN —
= 0.22 uF
] E‘] 1uF 240
sva1e | -PVoD 0.22 uF =
1 uF | Lourp 1211
w s 15 uH
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ﬁ. cosc
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2,3,7,20 ii:: | RPVoD VP!
2.5 T AGND (see Note A) |
12,13:27,36.37 | pGND (see Note A)
5V 21,&1 PVpp
ROUTN |
| rouTP|
| 15 uH
[

NOTE A. A0.1pF ceramic capacitor should be placed as close as possible to the IC. For filtering lower-frequency noise signals, a larger aluminum
electrolytic capacitor of 10 uF or greater should be placed near the audio power amplifier.

Figure 12. TPA005D02 Typical Configuration Application Circuit
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APPLICATION INFORMATION

input capacitor, C

In the typical application an input capacitor, C), is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, Cj and Ry, the TPA005D002’s input resistance forms a
high-pass filter with the corner frequency determined in equation 8.

P
-3dB

_ 1
fo(highpass) = 2zR ) C, (8)

Ry is nominally 10 kQ

fe

The value of Cy is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where the specification calls for a flat bass response down to 40 Hz. Equation 8 is
reconfigured as equation 9.

1

C=5m+ 9

2aR| \fe ©)
In this example, Cy is 0.40 pF so one would likely choose a value in the range of 0.47 uF to 1 uF. A low-leakage
tantalum or ceramic capacitor is the best choice for the input capacitors. When polarized capacitors are used,
the positive side of the capacitor should face the amplifier input as the dc level there is held at 1.5 V, which is
likely higher than the source dc level. Please note that it is important to confirm the capacitor polarity in the
application.

differential input

The TPA005DO02 has differential inputs to minimize distortion at the input to the IC. Since these inputs nominally
sit at 1.5 V, dc-blocking capacitors are required on each of the four input terminals. If the signal source is
single-ended, optimal performance is achieved by treating the signal ground as a signal. In other words,
reference the signal ground at the signal source, and run a trace to the dc-blocking capacitor which should be
located physically close to the TPAO05DO02. If this is not feasible, it is still necessary to locally ground the unused
input terminal through a dc-blocking capacitor.

power supply decoupling, Cg

The TPA005DO02 is a high-performance Class-D CMOS audio amplifier that requires adequate power supply
decoupling to ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling
also prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling
is achieved by using two capacitors of different types that target different types of noise on the power supply
leads. For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-
resistance (ESR) ceramic capacitor, typically 0.1 pF placed as close as possible to the device’s various Vpp
leads works best. For filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF
or greater placed near the audio power amplifier is recommended.

The TPAO05D02 has several different power supply terminals. This was done to isolate the noise resulting from
high-current switching from the sensitive analog circuitry inside the IC.
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APPLICATION INFORMATION

mute and shutdown modes

The TPA005D02 employs both a mute and a shutdown mode of operation designed to reduce supply current,
IpD, to the absolute minimum level during periods of nonuse for battery-power conservation. The SHUTDOWN
input terminal should be held high during normal operation when the amplifier is in use. Pulling SHUTDOWN
low causes the outputs to mute and the amplifier to enter a low-current state, Ipp = 400 pA. Mute mode alone
reduces Ipp to 10 mA.

Table 2. Shutdown and Mute Mode Functions

INPUTST OUTPUT AMPLIFIER STATE
SE/BTL HP/LINE MUTE IN SHUTDOWN | MUTE OUT INPUT OUTPUT
Low " Low Low Low Low L/R Line BTL
X X — High — X Mute
X X High — High X Mute
Low High Low Low Low /R HP BTL
High Low Low Low Low L/R Line SE
High High Low Low Low L/R HP SE

T Inputs should never be left unconnected.
X = do not care

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real (as opposed to ideal)
capacitor can be modeled simply as a resistor in series with an ideal capacitor. The voltage drop across this
resistor minimizes the beneficial effects of the capacitor in the circuit. The lower the equivalent value of this
resistance the more the real capacitor behaves like an ideal capacitor.

output filter components

The output inductors are key elements in the performance of the class D audio amplifier system. It is important
that these inductors have a high enough current rating and a relatively constant inductance over frequency and
temperature. The current rating should be higher than the expected maximum current to avoid magnetically
saturating the inductor. When saturation occurs, the inductor loses its functionality and looks like a short circuit
to the PWM signal, which increases the harmonic distortion considerably.

A shielded inductor may be required if the class D amplifier is placed in an EMI sensitive system; however, the
switching frequency is low for EMI considerations and should not be an issue in most systems. The DC series
resistance of the inductor should be low to minimize losses due to power dissipation in the inductor, which
reduces the efficiency of the circuit.

Capacitors are important in attenuating the switching frequency and high frequency noise, and in supplying
some of the current to the load. It is best to use capacitors with low equivalent-series-resistance (ESR). A low
ESR means that less power is dissipated in the capacitor as it shunts the high-frequency signals. Placing these
capacitors in parallel also parallels their ESR, effectively reducing the overall ESR value. The voltage rating is
also important, and, as a rule of thumb, should be 2 to 3 times the maximum rms voltage expected to allow for
high peak voltages and transient spikes. These output filter capacitors should be stable over temperature since
large currents flow through them.
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APPLICATION INFORMATION

efficiency of class D vs linear operation

Amplifier efficiency is defined as the ratio of output power delivered to the load to power drawn from the supply.
In the efficiency equation below, P|_is power across the load and Pgyp is the supply power.
. PL
Efficiency = n = P
SUP

A high-efficiency amplifier has a number of advantages over one with lower efficiency. One of these advantages
is a lower power requirement for a given output, which translates into less waste heat that must be removed
from the device, smaller power supply required, and increased battery life.

Audio power amplifier systems have traditionally used linear amplifiers, which are well known for being
inefficient. Class D amplifiers were developed as a means to increase the efficiency of audio power amplifier
systems.

Alinear amplifier is designed to act as a variable resistor network between the power supply and the load. The
transistors operate in their linear region and voltage that is dropped across the transistors (in their role as
variable resistors) is lost as heat, particularly in the output transistors.

The output transistors of a class D ampilifier switch from full OFF to full ON (saturated) and then back again,
spending very little time in the linear region in between. As a result, very little power is lost to heat because the
transistors are not operated in their linear region. If the transistors have a low ON resistance, little voltage is
dropped across them, further reducing losses. The ideal class D amplifier is 100% efficient, which assumes that
both the ON resistance (Rps(on)) and the switching times of the output transistors are zero.

the ideal class D amplifier

To illustrate how the output transistors of a class D amplifier operate, a half-bridge application is examined first
(Figure 13). ,

Figure 13. Half-Bridge Class D Output Stage

Figures 14 and 15 show the currents and voltages of the half-bridge circuit. When transistor M1 is on and M2
is off, the inductor current is approximately equal to the supply current. When M2 switches on and M1 switches
off, the supply current drops to zero, but the inductor keeps the inductor current from dropping. The additional
inductor current is flowing through M2 from ground. This means that Vp (the voltage at the drain of M2, as shown
in Figure 13) transitions between the supply voltage and slightly below ground. The inductor and capacitor form
a low-pass filter, which makes the output current equal to the average of the inductor current. The low pass filter
averages Vp, which makes Vgoyt equal to the supply voltage multiplied by the duty cycle.
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APPLICATION INFORMATION

the ideal class D amplifier (continued)

Control logic is used to adjust the output power, and both transistors are never on at the same time. If the output
voltage is rising, M1 is on for a longer period of time than M2.

4 Inductor Current
/ N T Output Current
= Supply Current
g
=3
o
0 ! >
M1 on; M1 off; M1 on
Mzoff: M2 on: M20ﬂ= oo
Time
Figure 14. Class D Currents
A
Vbb
Vv,
(-] ‘/ A
=
>
Vour
0 »

M1 on | M1 off |M1 on P
M20ﬁ|M20n IMzoﬁ,

Time

Figure 15. Class D Voltages
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APPLICATION INFORMATION

the ideal class D amplifier (continued)

Given these plots, the efficiency of the class D device can be calculated and compared to an ideal linear amplifier
device. In the derivation below, a sine wave of peak voltage (Vp) is the output from an ideal class D and linear
amplifier and the efficiency is calculated.

CLASS D LINEAR
\) \
_ P _vVp
Vigms) = 75 Vims) = 75
( ) IL(rms) x vL(rms) VL(rms)2 Vp2
Average (I =—_— P =— 1 =_T
b Vbp L RL 2R
' 2, Vp
PL=V xI_ Average ('DD) =£x R
Peip = Vigp X A I Pep = Vipp X A )= Yoo VP 2
sup = Vpp "e’age( DD) sup = Vpp "erage( DD) T TR, w
\Y | x V P
PSUP _ DD X L(:r,ns) L(rms) Efficiency = _ %
DD SUP
Vp2
Effici PL Effici v 2R
iciency = 1 = ——— iciency = 1 = x
PSUP DD 2 . XE
n VP
Efficiency = n =1 Efficiency = n = kv
DD

In the ideal efficiency equations, assume that Vp = Vpp, which is the maximum sine wave magnitude without
clipping. Then, the highest efficiency that a linear amplifier can have without clipping is 78.5%. A class D
amplifier, however, can ideally have an efficiency of 100% at all power levels.

The derivation above applies to an H-bridge as well as a half-bridge. An H-bridge requires approximately twice
the supply current but only requires half the supply voltage to achieve the same output power—factors that
cancel in the efficiency calculation. The H-bridge circuit is shown in Figure 16.

Vbb Vbb

__l M1 '_L’ I M M4 l__

+ VouT-
Va L AN~
S

c lc ]
e L IL ms ||

Figure 16. H-Bridge Class D Output Stage
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losses in a real-world class D amplifier

Losses make class D ampilifiers nonideal, and reduce the efficiency below 100%. These losses are due to the
output transistors having a nonzero Rpgon), and rise and fall times that are greater than zero.

The loss due to a nonzero Rpgon) is called conduction loss, and is the power lost in the output transistors at
nonswitching times, when the transistor is ON (saturated). Any Rpgon) above 0 Q causes conduction loss.
Figure 17 shows an H-bridge output circuit simplified for conduction loss analysis and can be used to determine
new efficiencies with conduction losses included.

Vpp=5V

Rps(on)$0.31Q 5 MQ Rps(om

R

Rps(off) S 5 MQ 0.31Q < Rps(on)

Figure 17. Output Transistor Simplification for Conduction Loss Calculation

The power supplied, Pgyp, is determined to be the power output to the load plus the power lost in the transistors,
assuming that there are always two transistors on.

. I:'|_
Efficiency = n = P
SuUpP
Etfci I2RL
iciency = n = 5
| 2RDS(°n) +1°R
Effici at
iciency = 1 = go——m———
2Rps(on) T RL
Efficiency = n = 95% (at all output levels RDS(on) = 0.1, RL = 4)
Efficiency = n = 87% (at all output levels RDS(on) =031, R = 4)
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losses in a real-world class D amplifier (continued)

Losses due to rise and fall times are called switching losses. A plot of the output, showing switching losses, is
shown in Figure 18.

le

al
1 i

fsw

ot e

tswon + tswoff = tsw
Figure 18. Output Switching Losses

Rise and fall times are greater than zero for several reasons. One is that the output transistors cannot switch
instantaneously because (assuming a MOSFET) the channel from drain to source requires a specific period
of time to form. Another is that transistor gate-source capacitance and parasitic resistance in traces form RC
time constants that also increase rise and fall times.

Switching losses are constant at all output power levels, which means that switching losses can be ignored at
high power levels in most cases. At low power levels, however, switching losses must be taken into account
when calculating efficiency. Switching losses are dominated by conduction losses at the high output powers,
but should be considered at low powers. The switching losses are automatically taken into account if you
consider the quiescent current with the output filter and load.

class D effect on power supply

Efficiency calculations are an important factor for proper power supply design in amplifier systems. Table 2
shows Class D efficiency at a range of output power levels (per channel) with a 1-kHz sine wave input. The
maximum power supply draw from a stereo 1-W per channel audio system with 8-Q loads and a 5-V supply is
almost 2.7 W. A similar linear amplifier such as the TPA005D02 has a maximum draw of 3.25 W under the same
circumstances.

Table 3. Efficiency vs Output Power in 5-V 8-Q H-Bridge Systems

Output Power (W) Efficiency (%) Peak Voltage (V) Internal Dissipation (W)
0.25 63.4 2 0.145
0.5 73 2.83 0.183
0.75 771 3.46 0.222
1 79.3 4 0.314
1.25 80.6 4.471 0.3

t High peak voltages cause the THD to increase
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class D effect on power supply (continued)

There is a minor power supply savings with a class D amplifier versus a linear amplifier when amplifying sine
waves. The difference is much larger when the amplifier is used strictly for music. This is because music has
much lower RMS output power levels, given the same peak output power (Figure 19); and although linear
devices are relatively efficient at high RMS output levels, they are very inefficient at mid-to-low RMS power
levels. The standard method of comparing the peak power to RMS power for a given signal is crest factor, whose
equation is shown below. The lower RMS power for a set peak power results in a higher crest factor

PPK
Prrns

Crest Factor = 10 log

PpK

Power

PRms

A
NY VVWN/ W°

Time

Figure 19. Audio Signal Showing Peak and RMS Power

Figure 20 is a comparison of a 5-V class D amplifier to a similar linear amplifier playing music that has a 13.76-dB
crest factor. From the plot, the power supply draw from a stereo amplifier that is playing music with a 13.76 dB
crest factor is 1.02 W, while a class D amplifier draws 420 mW under the same conditions. This means that just
under 2.5 times the power supply is required for a linear amplifier over a class D ampilifier.

POWER SUPPLIED
vs
PEAK OUTPUT VOLTAGE AND PEAK OUTPUT POWER
500 -~
s -
E 400 —
% TPA0202
3 300 v
& 200 TPA005D02 —
I /
IS ey
100
0
1 1.5 2 25 3 3.5 4 45 Peak Output Voltage (V)
0.25 0.56 1 1.56 2.25 3.06 4 5.06 Peak Output Power (W)

Figure 20. Audio Signal Showing Peak and RMS Power (with Music Applied)
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class D effect on battery life

Battery operations for class D amplifiers versus linear amplifiers have similar power supply savings results. The
essential contributing factor to longer battery life is lower RMS supply current. Figure 21 compares the
TPA005DO02 supply current to the supply current of the TPA0202, a 2-W linear device, while playing music at
different peak voltage levels.

SUPPLY CURRENTS
Vs
PEAK OUTPUT VOLTAGE AND PEAK OUTPUT POWER
400
350
’EvT 300 : A
<
E 250
g TPA0202
§ 200
o /
-E 150 _
-
(7]
100 f/
% TPA005D02
50
0
1 1.5 2 25 3 35 4 Peak Output Voltage (V)
0.25 0.56 1 1.56 2.25 3.06 4 Peak Output Power (W)

Figure 21. Supply Current vs Peak Output Voltage of TPA005D02 vs TPA0202 with Music Input

This plot shows that a linear amplifier has approximately three times more current draw at normal listening levels
than a class D amplifier. Thus, a class D amplifier has approximately three times longer battery life at normal
listening levels. If there is other circuitry in the system drawing supply current, that must also be taken into
account when estimating battery life savings.
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crest factor and thermal considerations

Atypical music CD requires 12 dB to 15 dB of dynamic headroom to pass the loudest portions without distortion
as compared with the average power output. From the TPAO05D02 data sheet, one can see that when the
TPAQO05DO02 is operating from a 5-V supply into a 4-Q speaker that 4 W peaks are available. Converting Watts
to dB:

P
_ w)\ _ 4\ _
Py = 10Log (m) = 10Log (T) -6dB a7

Subtracting the crest factor restriction to obtain the average listening level without distortion yields:

6.0 dB - 18 dB = — 12 dB (15 dB crest factor)
6.0 dB — 15dB = — 9 dB (15 dB crest factor)
6.0 dB - 12 dB = — 6 dB (12 dB crest factor)
6.0dB —9 dB = — 3 dB (9 dB crest factor)

6.0dB -6 dB = — 0 dB (6 dB crest factor)
6.0 dB — 3 dB = 3 dB (3 dB crest factor)

Converting dB back into watts:

= 10PdB/10 « p
ref (18)

63 mW (18 dB crest factor)
125 mW (15 dB crest factor)

250 mW (12 dB crest factor)
500 mW (9 dB crest factor)

1000 mW (6 dB crest factor)
2000 mW (3 dB crest factor)

This is valuable information to consider when attempting to estimate the heat dissipation requirements for the
amplifier system. Comparing the absolute worst case, which is 2 W of continuous power output with a 3 dB crest
factor, against 12 dB and 15 dB applications drastically affects maximum ambient temperature ratings for the
system. Using the power dissipation curves for a 5-V, 4-Q system, the internal dissipation in the TPA005D02
and maximum ambient temperatures is shown in Table 4.

“9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-73



TPA005D02
2-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS227C — AUGUST 1998 — REVISED MARCH 2000

APPLICATION INFORMATION

crest factor and thermal considerations (continued)

Table 4. TPA005D02 Power Rating, 5-V, 4-Q, Stereo

PEAK OU':‘l;'vt;T POWER | ,UERAGE OUTPUT POWER POW(EVF; g::ﬁllz;nw M"}')éml:jsh:; I‘\#:FI‘EENT
4 2 W (3 dB) 0.56 125°C
4 1000 mW (6 dB) 0.30 136°C
4 500 mW (9 dB) 0.23 139°C
4 250 mW (12 dB) 0.20 141°C
4 120 mW (15 dB) 0.14 143°C
4 63 mW (18 dB) 0.09 146°C
DISSIPATION RATING TABLE
PACKAGE TA<25°C  DERATING FACTOR  Tp=70°C Ta = 85°C
DCA 56W 44.8 mW/°C 35W 29W

The maximum ambient temperature depends on the heatsinking ability of the PCB system. Using the 0 CFM
data from the dissipation rating table, the derating factor for the DCA package with 6.9 in2 of copper area on
a multilayer PCB is 44.8 mW/°C. Converting this to ©ja:

eJA = _—1_——
Derating (19)

1
0.0448

22.3°C/W

To calculate maximum ambient temperatures, first consider that the numbers from the dissipation graphs are
per channel so the dissipated heat needs to be doubled for two channel operation. Given ©j,, the maximum
allowable junction temperature, and the total internal dissipation, the maximum ambient temperature can be

calculated with the following equation. The maximum recommended junction temperature for the TPAO05D02
is 150 °C. The internal dissipation figures are taken from the Efficiency vs Output Power graphs.

Ty Max = T; Max - @, Pp (20)
150 — 22.3(0.14 x 2) = 143°C (15 dB crest factor)

125°C (3dB crest factor)

150 — 22.3(0.56 X 2)

NOTE:
Internal dissipation of 0.6 W is estimated for a 2-W system with a 15 dB crest factor per channel.

Table 4 shows that for some applications no airflow is required to keep junction temperatures in the specified
range. The TPA0O05D02 is designed with thermal protection that turns the device off when the junction
temperature surpasses 150°C to prevent damage to the IC. Table 4 was calculated for maximum listening
volume without distortion. When the output level is reduced the numbers in the table change significantly. Also,
using 8-Q speakers dramatically increases the thermal performance by increasing amplifier efficiency.
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THERMAL INFORMATION

The thermally enhanced DCA package is based on the 56-pin TSSOP, but includes a thermal pad (see Figure 59)
to provide an effective thermal contact between the IC and the PWB.

Traditionally, surface mount and power have been mutually exclusive terms. A variety of scaled-down TO-220-type
packages have leads formed as gull wings to make them applicable for surface-mount applications. These packages,
however, have only two shortcomings: they do not address the very low profile requirements (<2 mm) of many of
today’s advanced systems, and they do not offer a terminal-count high enough to accommodate increasing
integration. On the other hand, traditional low-power surface-mount packages require power-dissipation derating that
severely limits the usable range of many high-performance analog circuits.

The PowerPAD package (thermally enhanced TSSOP) combines fine-pitch surface-mount technology with thermal
performance comparable to much larger power packages.

The PowerPAD package is designed to optimize the heat transfer to the PWB. Because of the very small size and
limited mass of a TSSOP package, thermal enhancement is achieved by improving the thermal conduction paths that
remove heat from the component. The thermal pad is formed using a patented lead-frame design and manufacturing
technique to provide a direct connection to the heat-generating IC. When this pad is soldered or otherwise thermally
coupled to an external heat dissipator, high power dissipation in the ultra-thin, fine-pitch, surface-mount package can
be reliably achieved.
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Figure 22. Views of Thermally Enhanced DCA Package
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® Extremely Efficient Class-D Mono DCA PACKAGE
Operation (TOP VIEW)

- ® Drives Mono Speaker SAUTDOWN [ 10 48 13 cosc
® 10-W BTL Output Into 4 Q From 12V MUTE 1] 2 47 1 AGND
® 32.W Peak Music Power Aemﬁ % j :g ] ngg
® Fully Specified for 12-V Operation NP O 5 44 :D:I'_'I AGND
® Low Shutdown Current coMmp LI s 43 T3 AGND
® Thermally-Enhanced PowerPAD™ Surface AGND T 7 42 FAULTO

Mount Packaging Vpp £ g :1 FAULT1
® Thermal and Under-Voltage Protection gx%f,’ 10 sg D:I:EI :\éDD
- ouTpP 1 38 T NC

deSCI'IptIOI'I PGND 12 37 171 PGND
The TPA032D01 is a monolithic power IC mono PGND [T} 13 36 T PGND
audio amplifier that operates in extremely efficient OUTN CTH 14 3 FTINC
Class-D operation, using the high switching speed OUTN 14 15 34 FTINC
of power DMOS transistors to replicate the analog PVpp T 16 83 £ T1PVpp
input signal through high-frequency switching of VCCRﬁg % :; gf — \'\/I%C
the output stage. This allows the TPA032D01 to NG e 1o 30 % NG
be configured as a bridge-tied load (BTL) amplifier AGND 0 20 20 -3 vaPs
capable of delivering up to 10 W of continuous PVrp O 21 28 3 PV
average power into a 4-Q load at 0.5% THD+N vgg o 2 - F3 PGRI%
from a 12-V power supply in the high-fidelity audio NC O 23 26 3 NC
frequency range (20 Hz to 20 kHz). A BTL CP1 O 24 25 [ cp2

configuration eliminates the need for external
coupling capacitors on the output. A chip-level
shutdown control is provided to limit total supply
current to 20 pA, making the device ideal for
battery-powered applications.

NC - No internal connection

The output stage is compatible with a range of power supplies from 8 V to 14 V. Protection circuitry is included
toincrease device reliability: thermal and under-voltage shutdown, with a status feedback terminal for use when
‘any error condition is encountered.

The high switching frequency of the TPA032D01 allows the output filter to consist of three small capacitors and
two small inductors per channel. The high switching frequency also allows for good THD+N performance.

The TPA032DO01 is offered in the thermally enhanced 48-pin PowerPAD TSSOP surface-mount package
(designator DCA).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is current as of publication date. Copyright © 2000, Texas Instruments incorporated
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Terminai Funciions

TERMINAL
DESCRIPTION
NAME NO.
AGND 3,7,20, |Analog ground for headphone and Class-D analog circuitry
43, 44, 45,
46, 47
COSC 48 Connect a capacitor from analog ground to this terminal to set the frequency of the ramp reference signal.
CP1 24 First diode node for charge pump
CP2 25 First inverter switching node for charge pump
FAULTO 42 Logic level fault0 output signal. Lower order bit of the two fault signals with open drain output.
FAULT1 41 Logic level fault1 output signal. Higher order bit of the two fault signals with open drain output.
COMP 6 Compensation capacitor terminal for Class-D amplifier
INN 4 Class-D negative input
INP 5 Class-D positive input
OUTN 14,15 Class-D amplifier negative output of H-bridge
ouTP 10, 11 Class-D amplifier positive output of H-bridge
PVDD 9,16 Class-D amplifier power supply
MUTE 2 Active-low TTL logic-level mute input signal. When MUTE is held low, the selected amplifier is muted. When
MUTE is held > high, the device operates normally. When the Class-D amplifier is muted, the low-side output
transistors are turned on, shorting the load to ground.
NC 18, 19, 23, | Not connected
26, 30, 31,
34, 35, 38,
39
PGND 12,13 Power ground for H-bridge only
PGND 27 Power ground for charge pump only
PGND 36, 37 Power ground for right-channel H-bridge only.
PVDD 21, 28, 33, | Vpp supply for charge-pump and gate drive circuitry
40
SHUTDOWN 1 Active-low TTL logic-level shutdown input signal. When SHUTDOWN is held low, the device goes into shutdown
mode. When SHUTDOWN is held high, the device operates normally.
V2P5 29 2.5V internal reference bypass. This terminal requires a capacitor to ground.
Vce 32 5V supply to circuitry. This terminal is typically connected to VocREG.
VccREG 17 5-V regulator output. This terminal requires a 1-uF capacitor to ground for stability reasons.
VCP 22 Connect a capacitor from this terminal to power ground to provide storage for the charge pump output voltage.
VDD 8 Vpp bias supply for analog circuitry. This terminal needs to be well filtered to prevent degrading the device
performance.

Class-D amplifier faults

Table 1. Class-D Amplifier Fault Table

FAULT 0

FAULT 1

DESCRIPTION

1

1

No fault. The device is operating normally.

0

1

Charge pump under-voltage lock-out (VCP-UV) fault. All low-side transistors are turned on, shorting the load to
ground. Once the charge pump voltage is restored, normal operation resumes, but FAULT1 is still active. This is not
a latched fault, however. FAULT1 is cleared by cycling MUTE, SHUTDOWN, or the power supply.

Thermal fault. All the low-side transistors are turned on, shorting the load to ground. Once the junction temperature
drops 20°C, normal operation resumes (not a latched fault). But the FAULTx terminals are still set and are cleared
by cycling MUTE, SHUTDOWN, or the power supply.
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AVAILABLE OPTIONS
PACKAGED DEVICES
TA . Tssopt
(DCA)
—40°C to 125°C TPA032D01DCA

TThe DCA package is available in left-ended tape and reel. To order
a taped and reeled part, add the suffix R to the part number (e.g.,

TPA032D01DCAR).

absolute maximum ratings over operating free-air temperature range, T¢ = 25°C (unless otherwise

noted)t
Supply voltage, (VDD, PVDD) <t ttrttitmi it e e 14V
Logic supply VOIAGE, (VGG) -+« ittt i in i i aenaes 55V
Input voltage, V| (MUTE, MODE, SHUTDOWN) ..........iiiiiiiiiiiiiiiiiiiiiiiennens -03Vto7V
Output current, Ig (FAULTO, FAULT1), opendrainterminated ..................ccooviiineinnn.. 1mA
Supply/load voltage, (FAULTO, FAULTT) ...t e i e e 7V
Charge pump VOAGE, VOP -« vt vttt ittt i PVpp+20V
Continuous H-bridge output current (1 H-bridge conducting) .................ccoiiiiiiii.t. 35A
Pulsed H-Bridge output current, each output, Imax (seeNote 1) .........ooooiiiiiiiiiin, 7A
Continuous VocREG output current, Io (VGCREG) ..o 150 mA
Continuous total power dissipation, Tc=25°C .............covvvvniinnnnn See Dissipation Rating Table
Operating virtual junction temperaturerange, Ty ......c..oiiiiiiiiiiiiiiiiiii i, -40°C to 150°C
Operating case temperature range, TG .. ..o ovvietntt i enaens —40°C to 125°C
Storage temperature range, Tgtg -« -« v vvvvivir it [T —65°C to 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .................ccoiiiiiina... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Pulse duration = 10 ms, duty cycle < 2%

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C# DERATING FACTOR Ta =70°C Ta =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
DCA 5.6 W 44.8 mW/°C 3.6W 29W

¥ Please see the Texas Instruments document, PowerPAD Thermally Enhanced Package Application
Report (literature number SLMAQO02), for more information on the PowerPAD package. The thermal data
was measured on a PCB layout based on the information in the section entitled Texas Instruments
Recommended Board for PowerPAD on page 33 of the before mentioned document.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vpp, PVpD, LPVpDp. RPVpD ) 8 14 \
Logic supply voltage, Vcc 4.5 5.5 Vv
High-level input voltage, Vi (MUTE, SHUTDOWN) 2 Vpp+03V| V
Low-level input voltage, Vi (MUTE, SHUTDOWN) ) -0.3 0.8 \Y
Audio inputs, LINN, LINP, RINN, RINP, differential input voltage 1| VRMsS
PWM frequency 100 250 500 | kHZ
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electrical characteristics Class-D amplifier, Vpp = PVpp =12 V, R = 4 {2 10 8 &, Tp = 25°C,
See Figure 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Power supply rejection ratio Vpp=PVpp=xPVpp=11Vto 13V -40 dB
IbD Supply current No output filter connected 25 35 mA
IDD(Mute)  Supply current, mute mode MUTE=0V 10 18| mA
IDD(S/D)  Supply current, shutdown mode SHUTDOWN =0V 20 30 UA
Hl High-level input current (MUTE, MODE, Viy=5.25V 10 HA
SHUTDOWN)
L] Low-level input current (MUTE, MODE, ViL=-03V 10 uA
SHUTDOWN)
'DS(on) Static drain-to-source on-state resistance Ipp=05A 720 800 | mQ
(high-side + low-side FETs)
Matching, high-side to high-side, low-side to
DS(on)  |ow-side, same channel 95%  98%

operating characteristics, Class-D amplifier, Vpp = PVpp = 12V, R =4 Q, Tp = 25°C, See Figure 1
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
f=1kHz,
= 0.5
Po Output power Ez\lzc; 2j<;;red on PCB, 10 w
See Note 2
Efficiency ff 1=k1'_?zw' 7%

Ay Gain 25 dB
Noise floor -60 dB
Dynamic range 80 dB
Crosstalk f=1kHz -50 dB
Frequency response bandwidth, post output filter, —3 dB 20 20000 Hz

BoMm Maximum output power bandwidth 20 | kHz

Z) Input impedance 10 kQ

NOTE 2: Output power is thermally limited, Tp = 23°C
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operating characteristics, Class-D amplifier, Vpp = PVpp = 12 V, RL = 8 Q
Ta = 25°C, See Figure 2 (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
THD = 0.5%
Po Output power, Device soldered on PCB, 7.5 w
See Note 2
Efficiency ff 1=k$ W, 85%
Ay Gain 25 dB
Noise floor -60 dB
Dynamic range 80 dB
Crosstalk f=1kHz =50 dB
Frequency response bandwidth, post output filter, =3 dB - 20 20000 Hz
BomM  Maximum output power bandwidth 20 kHz
2) Input impedance 10 kQ
NOTE 2: Output power is thermally limited, Tp = 85°C
operating characteristics, Vgc 5-V regulator, Tp = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vo Output voltage :,ODE; t:\sl)g?n: LPVDD = RPVpp =8 V1o 14V, 45 55 v
los Short-circuit output current VpD = PVpp = LPVpp = RPVpp = 8 V to 14 VT 90 mA
T Pulse width must be limited to prevent exceeding the maximum operating virtual junction temperature of 150°C.
thermal shutdown
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Thermal shutdown temperature 165 °C
Thermal shutdown hysteresis 30 °C
‘t’.’ TEXAS
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PARANETER MEASUREMENT INFORMATICN
r
= FAULTO
] FAULTA

VecREG —— SHUTDOWN

VeCREG —2—' MUTE OUTN
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12218 -{ PVpD

1 4F OUTP
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Differential
Input Signal ——{H INN

‘E————l coMmP
1000 pF
I 48 | cosc
- VDD I|_‘_ 12
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1000 pF
7,20,43,44,45,4647 | , 0 VceREGH
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Figure 1. 12-V, 4-Q Test Circuit
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PARAMETER MEASUREMENT INFORMATION

FAuLTo H42-
FAuLT1 -
1 —_
vocREG —— SHUTDOWN 1415 0mH
VCCREG —2| MUTE OUTN|
0.1 uF
12v21ed ey 0.1 F :E ]—T
10,11
1 uF ouTP o
Balanced {—‘iéi INP
Differential
input Signal | —|—2- NN 29
1 F ‘ V2P5 \——:l
ﬁ-- comP T 14F
1000 pF 1
T 48 1 cosc 8 ..
= vppH2— 12v
1000 pF I
: 17
7,20,43,44, 45,4647 4 , o5 VCCREG | Vee
12,13,27,3637 | panp T 0.1 uF
= 21,28,33,34 =
12V A4 PVpp
cP1 -—\|24
47nF
500 kQ 25 n
cP2 F——j
To 2} vee vep 2
VccREG 01 uF
100 kQ I -
Figure 2. 12-V, 8-Q Test Circuit
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APPLICATION INFORMATION

VccREG
ToSystem [ _' I sgurpown 1
Control 2 SHU I 100 kQ 100 kQ
—= mutE 2
| FAULTO 5——
I a1 To System
12V —f_L—rg'i' PVDD FAULT1 Control
1uF

10uF$ $”‘F—€

1uF OuTN|

Class-D Balanced {—K—L INP

Differential Input

signal | —J—2 mn
1uF
J_——ﬁ—- CcomP outP|
1000 pF
? 48 | osc ‘112"5F;——'—_]_
1000 pF TE bo|” — &
L |
7,20,4647 | »Gnp VCCREG
12,13,27,36,37 | pono o2
. 21,2 —
V' oj2v——e- 8 | Pvpp ' 47 nF
1uF
WL ol T
32 122 |
Yoo Yee v 0.1 uF
A
500 kQ $
To L
VCCREG

100 kQ

= 0.1 uF I

NOTE A. % = power ground and 'i" = analog ground

Figure 3. TPA032D01 Typical Configuration Application Circuit
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APPLICATION INFORMATION

input capacitor, Cj

In the typical application an input capacitor, Cy, is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, Cj and Zj, the TPA032D01’s input resistance forms a
high-pass filter with the corner frequency determined in equation 8.

| e
-3dB

_ 1
fc(highpass) = 2rZ,C, (8)

Z) is nominally 10 kQ

fc

The value of Cy is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where the specification calls for a flat bass response down to 40 Hz. Equatlon 8 is
reconfigured as equation 9.

- _1
C = 2aZ fe ©)

In this example, C; is 0.40 uF so one would likely choose a value in the range of 0.47 pF to 1 pF. A low-leakage
tantalum or ceramic capacitor is the best choice for the input capacitors. When polarized capacitors are used,
the positive side of the capacitor should face the amplifier input, as the dc level there is held at 1.5 V, which is
likely higher than the source dc level. Please note that it is important to confirm the capacitor polarity in the
application.

differential input

The TPA032D01 has differential inputs to minimize distortion at the input to the IC. Since these inputs nominally
sit at 1.5 V, dc-blocking capacitors are required on each of the four input terminals. If the signal source is
single-ended, optimal performance is achieved by treating the signal ground as a signal. In other words,
reference the signal ground at the signal source, and run a trace to the dc-blocking capacitor, which should be
located physically close to the TPA032DO01. If this is not feasible, itis still necessary to locally ground the unused
input terminal through a dc-blocking capacitor.

power supply decoupling, Cg

The TPAD32D01 is a high-performance Class-D CMOS audio amplifier that requires adequate power supply
decoupling to ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling
also prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling
is achieved by using two capacitors of different types that target different types of noise on the power supply
leads. For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-
resistance (ESR) ceramic capacitor, typically 0.1 uF placed as close as possible to the device’s various Vpp
leads, works best. For filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF
or greater placed near the audio power amplifier is recommended.

The TPA032DO01 has several different power supply terminals. This was done to isolate the noise resulting from
high-current switching from the sensitive analog circuitry inside the IC.
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APPLICATION INFORMATION

mute and shutdown modes

The TPA032D01 employs both a mute and a shutdown mode of operation designed to reduce supply current,
Ipp, to the absolute minimum level during periods of non-use for battery-power conservation. The SHUTDOWN
input terminal should be held high during normal operation when the amplifier is in use. Pulling SHUTDOWN
low causes the outputs to mute and the amplifier to enter a low-current state, Ipp = 20 uA. Mute mode alone
reduces Ipp to 10 mA.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real (as opposed to ideal)
capacitor can be modeled simply as a resistor in series with an ideal capacitor. The voltage drop across this
resistor minimizes the beneficial effects of the capacitor in the circuit. The lower the equivalent value of this
resistance the more the real capacitor behaves like an ideal capacitor.

output filter components

The output inductors are key elements in the performance of the class-D audio amplifier system. It is important
that these inductors have a high enough current rating and a relatively constant inductance over frequency and
temperature. The current rating should be higher than the expected maximum current to avoid magnetically
saturating the inductor. When saturation occurs, the inductor loses its functionality and looks like a short circuit
to the PWM signal, which increases the harmonic distortion considerably.

A shielded inductor may be required if the class-D amplifier is placed in an EMI sensitive system; however, the
switching frequency is low for EMI considerations and should not be an issue in most systems. The dc series
resistance of the inductor should be low to minimize losses due to power dissipation in the inductor, which
reduces the efficiency of the circuit.

Capacitors are important in attenuating the switching frequency and high frequency noise, and in supplying
some of the current to the load. It is best to use capacitors with low equivalent-series-resistance (ESR). A low
ESR means that less power is dissipated in the capacitor as it shunts the high-frequency signals. Placing these
capacitors in parallel also parallels their ESR, effectively reducing the overall ESR value. The voltage rating is
also important, and, as a rule of thumb, should be 2 to 3 times the maximum rms voltage expected to allow for
high peak voltages and transient spikes. These output filter capacitors should be stable over temperature since
large currents flow through them.
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APPLICATION INFORMATION

efficiency of class-D vs linear operation

Amplifier efficiency is defined as the ratio of output power delivered to the load to power drawn from the supply.
In the efficiency equation below, P|_is power across the load and Pgyp is the supply power.
. I:'|_
Efficiency = n = Po -
SUP

A high-efficiency amplifier has a number of advantages over one with lower efficiency. One of these advantages
is a lower power requirement for a given output, which translates into less waste heat that must be removed
from the device, smaller power supply required, and increased battery life.

Audio power amplifier systems have traditionally used linear amplifiers, which are well known for being
inefficient. Class-D amplifiers were developed as a means to increase the efficiency of audio power amplifier
systems.

A linear amplifier is designed to act as a variable resistor network between the power supply and the load. The
transistors operate in their linear region and voltage that is dropped across the transistors (in their role as
variable resistors) is lost as heat, particularly in the output transistors.

The output transistors of a class-D ampilifier switch from full OFF to full ON (saturated) and then back again,
spending very little time in the linear region in between. As a result, very little power is lost to heat because the
transistors are not operated in their linear region. If the transistors have a low on-resistance, little voltage is
dropped across them, further reducing losses. The ideal class-D amplifier is 100% efficient, which assumes that
both the on-resistance (rDS(on)) and the switching times of the output transistors are zero.

the ideal class-D amplifier

To illustrate how the output transistors of a class-D ampilifier operate, a half-bridge application is examined first
(see Figure 4).

Figure 4. Half-Bridge Class-D Output Stage

Figures 5 and 6 show the currents and voltages of the half-bridge circuit. When transistor M1 is on and M2 is
off, the inductor current is approximately equal to the supply current. When M2 switches on and M1 switches
off, the supply current drops to zero, but the inductor keeps the inductor current from dropping. The additional
inductor current is flowing through M2 from ground. This means that V (the voltage at the drain of M2, as shown
in Figure 4) transitions between the supply voltage and slightly below ground. The inductor and capacitor form
a low-pass filter, which makes the output current equal to the average of the inductor current. The low pass filter
averages Vp, which makes Vot equal to the supply voltage multiplied by the duty cycle.
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APPLICATION iNFORMATION
the ideal class-D amplifier (continued)

Control logic is used to adjust the output power, and both transistors are never on at the same time. If the output
voltage is rising, M1 is on for a longer period of time than M2.

4 Inductor Current
/ I~ AT A~ i \é/ e Output Current
€ Supply Current
2
-
o
0 »
v I ) Ll
M1 on M1 off, M1 on oo
M2 oﬁl M2 on M2 off|
Time
Figure 5. Class-D Currents
A
VbD
VA
° | g
o
©
% e /-\ L e
> I \
Vout
0 >

M1 on | M1 off M1on|. °
M2 off (M2 on | M2 off| hd

Time

Figure 6. Class-D Voltages
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APPLICATION INFORMATION

the ideal class-D amplifier (continued)

Given these plots, the efficiency of the class-D device can be calculated and compared to an ideal linear
amplifier device. In the derivation below, a sine wave of peak voltage (Vp) is the output from an ideal class-D
and linear amplifier and the efficiency is calculated.

CLASS-D LINEAR
\ \Y
Vims) = 7 Vi(rms) 7
l x V Vv Vv
L(rms) L(rms) L(rms) P
Average |l == P, =— =_T
( DD) VDD L RL 2 RL
2. Vp
PL=VxI_ Average ('DD) =£x A
Psup = Vpp X Average(ipp) Psup = Vpp X Average(l _ Voo Ve 2
sup = Vpp * Average{ipp sup = Vpp * Averag DD) S TR, x
\ I x V P
PSUP _ _DbDX L(r\r/ns) L(rms) Efficiency = _ I';‘l"‘
DD SupP
Vp2
PL E’ﬁ:
Efficiency = n = Po = Efficiency = n = Vpp X
SuP 2, Vp
2x =P
L
n VP
Efficiency = n =1 Efficiency = n = IXv—
DD

In the ideal efficiency equations, assume that Vp = Vpp, which is the maximum sine wave magnitude without
clipping. Then, the highest efficiency that a linear amplifier can have without clipping is 78.5%. A class-D
amplifier, however, can ideally have an efficiency of 100% at all power levels.

The derivation above applies to an H-bridge as well as a half-bridge. An H-bridge requires approximately twice
the supply current but only requires half the supply voltage to achieve the same output power—factors that
cancel in the efficiency calculation. The H-bridge circuit is shown in Figure 7.

LC—L RL lc L
A we LI I'— ms ||

Vbb Vpbp

__| M1 L, louy M4|_

+ VouTt-
AM

Va

Figure 7. H-Bridge Class-D Output Stage

2-90

{'f TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPA032D01
10-W MONO CLASS-D AUDIO POWER AMPLIFIER

SLOS282A - DECEMBER 1999 — REVISED MARCH 2000

=]
@]
>
2.
=i
(@]
Xl
=

APPLICATI
losses in a real-world class-D amplifier

Losses make class-D amplifiers nonideal, and reduce the efficiency below 100%. These losses are due to the
output transistors having a nonzero rpg(en), and rise and fall times that are greater than zero.

The loss due to a nonzero rpg(on) is called conduction loss, and is the power lost in the output transistors at
nonswitching times, when the transistor is on (saturated). Any rpg(on) above 0 Q causes conduction loss.
Figure 8 shows an H-bridge output circuit simplified for conduction loss analysis and can be used to determine
new efficiencies with conduction losses included.

Vpp=12V

'DS(on) < 0.36 Q 5MQ rDS(off)
R

4Q
rDS(off) S 5 MQ 0.36Q2< rps(on)

Figure 8. Output Transistor Simplification for Conduction Loss Calculation

The power supplied, Pgyp, is determined to be the power output to the load plus the power lost in the transistors,
assuming that there are always two transistors on.

- P|_
Efficiency = =P
SuUP
Efiic 2R,
Iciency = n = T——Z
| 2rDS(on) +1°R
Effici RL
iciency = N = 00—
2rpson) T RL
Efficiency = n = 95% (at all output levels "Ds(on) = 01Q R =4 Q)
Efficiency = n = 85% (at all output levels rDS(on) =036 Q R =4 Q)
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APPLICATION INFORMATION

losses in a real-world class-D amplifier (continued)

Losses due to rise and fall times are called switching losses. A diagram of the output, showing switching losses,

is shown in Figure 9.

—

tswon

Rise and fall times are greater than zero for several reasons. One is that the output transistors cannot switch
instantaneously because (assuming a MOSFET) the channel from drain to source requires a specific period
of time to form. Another is that transistor gate-source capacitance and parasitic resistance in traces form RC

fsw

o

+ tswoff

Figure 9. Output Switching Losses

o
l

= tgw

time constants that also increase rise and fall times.

Switching losses are constant at all output power levels, which means that switching losses can be ignored at
high power levels in most cases. At low power levels, however, switching losses must be taken into account
when calculating efficiency. Switching losses are dominated by conduction losses at the high output powers,
but should be considered at low powers. The switching losses are automatically taken into account if you

consider the quiescent current with the output filter and load.

class-D effect on power supply

Efficiency calculations are an important factor for proper power supply design in amplifier systems. Table 2
shows Class-D efficiency at a range of output power levels (per channel) with a 1-kHz sine wave input. The
maximum power supply draw from a stereo 10-W per channel audio system with 4-Q loads and a 12-V supply
is almost 26 W. A similar linear amplifier such as the TPA032D01 has a maximum draw of greater than 50 W
under the same circumstances.

Table 2. Efficiency vs Output Power in 12-V 4-Q H-Bridge Systems

Output Power (W) Efficiency (%) Peak Voltage (V) Internal Dissipation (W)
0.5 41.7 2 0.35
66.7 4 0.5
751 6.32 0.83
8 78 8 1.13
10 77.9 8.94t 1.42
t High peak voltages cause the THD to increase
"5‘ TEXAS
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APPLICATION INFORMATION

class-D effect on power supply (continued)

There is a minor power supply savings with a class-D amplifier versus a linear amplifier when amplifying sine
waves. The difference is much larger when the amplifier is used strictly for music. This is because music has
much lower RMS output power levels, given the same peak output power (see Figure 10); and although linear
devices are relatively efficient at high RMS output levels, they are very inefficient at mid-to-low RMS power
levels. The standard method of comparing the peak power to RMS power for a given signalis crest factor, whose
equation is shown below. The lower RMS power for a set peak power results in a higher crest factor

Crest Factor = 10 log ;’3'1
ms

PpK

Power

Figure 10. Audio Signal Showing Peak and RMS Power
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APPLICATION INFORMATION

crest factor and thermal considerations

Atypical music CD requires 12 dB to 15 dB of dynamic headroom to pass the loudest portions without distortion
as compared with the average power output. From the TPA032D01 data sheet, one can see that when the
TPAO032D01 is operating from a 12-V supply into a 4-Q speaker that 20-W peaks are available. Converting watts
to dB:

P
w 20
Py = 10Log (5;) = 10Log (—1—) -6dB (17)

Subtracting the crest factor restriction to obtain the average listening level without distortion yields:

6.0dB - 18 dB = — 12 dB (15 dB crest factor)
6.0dB — 15 dB = — 9 dB (15 dB crest factor)
6.0dB -~ 12 dB = — 6 dB (12 dB crest factor)
6.0dB-9dB = — 3 dB (9 dB crest factor)
6.0dB -6 dB = — 0 dB (6 dB crest factor)
6.0 dB — 3 dB = 3 dB (3 dB crest factor)

Converting dB back into watts:

_ 10PdB/10
Py = 10PdB/10xp 18)

= 315 mW (18 dB crest factor)
630 mW (15 dB crest factor)

1.25 W (12 dB crest factor)
2.5 W (9 dB crest factor)

5 W (6 dB crest factor)

10 W (3 dB crest factor)

This is valuable information to consider when attempting to estimate the heat dissipation requirements for the
amplifier system. Comparing the absolute worst case, which is 10 W of continuous power output with a 3 dB
crest factor, against 12 dB and 15 dB applications drastically affects maximum ambient temperature ratings for
the system. Using the power dissipation curves for a 12-V, 4-Q system, the internal dissipation in the
TPA032D01 and maximum ambient temperatures are shown in Table 3.
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crest factor and thermal considerations (continued)

Table 3. TPA032D01 Power Rating, 12-V, 4-Q, Stereo

PEAK OUTPUT POWER POWER DISSIPATION MAXIMUM AMBIENT

AVERAGE OUTPUT POWER (W/Channel) TEMPERATURE
20 10W (3 dB) 284 87°C
20 5W (6 dB) 1.66 113°C
20 2.5W (9 dB) 112 125°C
20 1.25W (12 dB) 087 125°C
20 630 mW (15 dB) 07 125°C
20 315 mW (18 dB) 0.6 125°C

The maximum ambient temperature depends on the heatsinking ability of the PCB system. Using the 0 CFM
data from the dissipation rating table, the derating factor for the DCA package with 6.9 in2 of copper area on
a multilayer PCB is 44.8 mW/°C. Converting this to ©a:

0, = —1
JA 7 Derating (19)
_1
0.0448
22.3°C/W

To calculate maximum ambient temperatures, first consider that the numbers from the dissipation graphs are
per channel so the dissipated heat needs to be doubled for two channel operation. Given ©jp, the maximum
allowable junction temperature, and the total internal dissipation, the maximum ambient temperature can be
calculated with the following equation. The maximum recommended junction temperature for the TPA032DO01
is 150 °C. The internal dissipation figures are taken from the Efficiency vs Output Power graphs.

T) Max = T, Max — ©,, P (20)
150 — 22.3(0.35) 125°C (15 dB crest factor)

150 — 22.3(1.42)

Il

118°C (3dB crest factor)
(Maximum recommended case temperature is 125°C)

NOTE:
Internal dissipation of 0.7 W is estimated for a 10-W system with a 15 dB crest factor per channel.

The TPA032DO01 is designed with thermal protection that turns the device off when the junction temperature
surpasses 150°C to prevent damage to the IC. Table 3 was calculated for maximum listening volume without
distortion. When the output level is reduced the numbers in the table change significantly. Also, using 8-Q
speakers dramatically increases the thermal performance by increasing amplifier efficiency.

*v'f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-95



 TPA032D01
10-W MONO CLASS-D AUDIO POWER AMPLIFIER

SLOS282A - DECEMBER 1999 — REVISED MARCH 2000

THERMAL INFORMATION

The thermally enhanced DCA package is based on the 56-pin TSSOP, but includes a thermal pad (see Figure 11)
to provide an effective thermal contact between the IC and the PWB.

Traditionally, surface mount and power have been mutually exclusive terms. A variety of scaled-down TO-220-type
packages have leads formed as gull wings to make them applicable for surface-mount applications. These packages,
however, have only two shortcomings: they do not address the very low profile requirements (<2 mm) of many of
today’s advanced systems, and they do not offer a terminal-count high enough to accommodate increasing
integration. On the other hand, traditional low-power surface-mount packages require power-dissipation derating that
severely limits the usable range of many high-performance analog circuits.

The PowerPAD package (thermally enhanced TSSOP) combines fine-pitch surface-mount technology with thermal
performance comparable to much larger power packages.

The PowerPAD package is designed to optimize the heat transfer to the PWB. Because of the very small size and
limited mass of a TSSOP package, thermal enhancement is achieved by improving the thermal conduction paths that
remove heat from the component. The thermal pad is formed using a patented lead-frame design and manufacturing
technique to provide a direct connection to the heat-generating IC. When this pad is soldered or otherwise thermally
coupled to an external heat dissipator, high power dissipation in the ultra-thin, fine-pitch, surface-mount package can
be reliably achieved.
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Figure 11. Views of Thermally Enhanced DCA Package
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A — DECEMBER 1999 — REVISED MARCH 2000

o Extremely Efficient Class-D Stereo UCA PACKAGE
Operation (TOP VIEW)
® Drives L and R Channels SHUTDOWN CI] 10 48 [T coOSsC
® 10-W BTL Output Into 4 Q From 12V MUTE 2 47 [T AGND
® 32-W Peak Music Power AS“R % i :g -] gﬁ\:\r{?
® Fully Specified for 12-V Operation == 44 :D:E RINP
® Low Shutdown Current Lcomp CI] & 43 [CT1 RCOMP
® Thermally-Enhanced PowerPAD™ Surface AGND CT 7 42 11 FAULTO
Mount Packaging LP://DD % g :(1) - ;ﬁl\J/Lﬁ
. : DD 1 DD
® Thermal and Under-Voltage Protection Loute . 10 39 -0 ROUTP
s LOUTP 1 38 ' T1 ROUTP
description PGND 12 37 |73 PGND
The TPA032D02 is a monolithic power IC stereo PGND 13 36 T3 PGND
audio amplifier that operates in extremely efficient LOUTN 14 35 13 ROUTN
Class-D operation, using the high switching speed LOUTN £ 15 34 T ROUTN
of power DMOS transistors to replicate the analog LPVpp LT 16 33 P RPVpp
input signal through high-frequency switching of VCCRES - :Z gf o \'\/lgc
the output stage. This allows the TPA032D02 to NG — 19 20 % NG
be configured as a bridge-tied load (BTL) amplifier
-, . AGND 20 29 [T V2P5
capable of delivering up to 10 W of continuous
. PVpp CI 21 28 1T PVpp
average power into a 4-Q load at 0.5% THD+N VCP
: YD ’ ] 22 27 |E13 PGND
from a 12-V power supply in the high-fidelity audio NG O 23 26 T NG
frquency‘ range _(20 Hz to 20 kHz). A BTL CP1 L 24 25 F'-_-‘ cP2
configuration eliminates the need for external

coupling capacitors on the output. A chip-level
shutdown control is provided to limit total supply
current to 20 pA, making the device ideal for
battery-powered applications.

NC - No internal connection

The output stage is compatible with a range of power supplies from 8 V to 14 V. Protection circuitry is included
to increase device reliability: thermal and under-voltage shutdown, with a status feedback terminal for use when
any error condition is encountered.

The high switching frequency of the TPA032D02 allows the output filter to consist of three small capacitors and
two small inductors per channel. The high switching frequency also allows for good THD+N performance.

The TPA032D02 is offered in the thermally enhanced 48-pin PowerPAD TSSOP surface-mount package
(designator DCA).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright © 2000, Texas Instruments Incorporated
str::dard mﬂ"‘lyl to specifications per the dtoe;sms of Texas Inmrr:cnlcm
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

Terminal Functions

TERMINAL
NAME No. DESCRIPTION
AGND 3,7, 20, | Analog ground for Class-D analog circuitry
46, 47
COSC 48 Connect a capacitor from analog ground to this terminal to set the frequency of the ramp reference signal.
CP1 24 First diode node for charge pump
CcpP2 25 First inverter switching node for charge pump
FAULTO 42 Logic level fault0 output signal. Lower order bit of the two fault signals with open drain output.
FAULT1 41 Logic level fault1 output signal. Higher order bit of the two fault signals with open drain output.
LCOMP 6 Compensation capacitor terminal for left-channel Class-D amplifier
LINN 4 Class-D left-channel negative input
LINP 5 Class-D left-channel positive input
LOUTN 14,15 | Class-D amplifier left-channel negative output of H-bridge
LOUTP 10, 11 | Class-D ampilifier left-channel positive output of H-bridge
LPVpp 9,16 [ Class-D amplifier left-channel power supply
MUTE 2 Active-low TTL logic-level mute input signal. When MUTE is held low, the selected amplifier is muted. When MUTE
is held > high, the device operates normally. When the Class-D amplifier is muted, the low-side output transistors
are turned on, shorting the load to ground.
NC 18, 19, | No connection
23, 26,
30, 31
PGND 12, 13 | Power ground for left-channel H-bridge only
PGND 27 Power ground for charge pump only
PGND 36, 37 | Power ground for right-channel H-bridge only
PVpp 21,28 | Vpp supply for charge-pump and gate drive circuitry
RCOMP 43 Compensation capacitor terminal for right-channel Class-D amplifier
RINN 45 Class-D right-channel negative input
RINP 44 Class-D right-channel positive input
RPVDD 33,40 | Class-D amplifier right-channel power supply
ROUTN 34,35 | Class-D amplifier right-channel negative output of H-bridge
ROUTP 38,39 | Class-D amplifier right-channel positive output of H-bridge
SHUTDOWN 1 Active-low TTL logic-level shutdown input signal. When SHUTDOWN is held low, the device goes into shutdown
mode. When SHUTDOWN is held high, the device operates normally.
Vce 32 5V supply to logic. This terminal is typically connected to VoCREG.
VccREG 17 5-V regulator output. This terminal requires a 1-uF capacitor to ground for stability reasons.
VaP5 29 2.5V internal reference bypass. This terminal requires a capacitor to ground.
VCP 22 Connect a capacitor from this terminal to power ground to provide storage for the charge pump output voltage.
Vpbp 8 Vpp bias supply for analog circuitry. This terminal needs to be well filtered to prevent degrading the device

performance.

1
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

Class-D amplifier faults

Table 1. Class-D Amplifier Fault Table

FAULT 0

FAULT 1

DESCRIPTION

1

1

No fault. The device is operating normally.

0

1

Charge pump under-voitage lock-out (VCP-UV) fault. All low-side transistors are turned on, shorting the load to
ground. Once the charge pump voltage is restored, normal operation resumes, but FAULT 1 is still active. This is not
a latched fault, however. FAULT1 is cleared by cycling MUTE, SHUTDOWN, or the power supply.

Thermal fault. All the low-side transistors are turned on, shorting the load to ground. Once the junction temperature
drops 20°C, normal operation resumes (not a latched fault). But the FAULTX terminals are still set and are cleared
by cycling MUTE, SHUTDOWN, or the power supply.

AVAILABLE OPTIONS
PACKAGED DEVICES
TA Tssopt
(DCA)

—40°C to 125°C TPA032D02DCA

T The DCA package is available in left-ended tape and reel. To order
a taped and reeled part, add the suffix R to the part number (e.g.,
TPA032D02DCAR).

2-100
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A — DECEMBER 1999 — REVISED MARCH 2000

absolute maximum ratings over operating free-air temperature range, T¢ = 25°C (uniess oinerwise

noted)t
Supply voltage, (Vpp, PVpp, LPVpD, RPVDD)  « oo .14V
Logic supply voltage, (VGE) -« ittt 55V
Input voltage, V| (MUTE, MODE, SHUTDOWN) ..ot -0.3Vto7V
Output current, lg (FAULTO, FAULT1), open drain terminated ...................cooiiiiiiann.n, 1mA
Supply/load voltage, (FAULTO, FAULTT) ...ttt e et e aiee e 7V
Charge pump voltage, Vop . ... ov i PVpp+20V
Continuous H-bridge output current (1 H-bridge conducting) ............ ... . ... . ... . 35A
Pulsed H-Bridge output current, each output, Ij,ax (SeeNote 1) ............ ... ..ol 7A
Continuous VocREG output current, [ (VGcREG) ... 150 mA

Continuous total power dissipation, T =25°C ........................
Operating virtual junction temperature range, Ty .......c.coviiiiiiiiii i
Operating case temperature range, TC ... oottt e
Storage temperature range, Tgrg ... .ovvnii
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............. ...

See Dissipation Rating Table
—40°C to 150°C
—40°C to 125°C
—-65°C to 260°C

260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Pulse duration = 10 ms, duty cycle < 2%

DISSIPATION RATING TABLE

PACKAGE Ta <25°CH DERATING FACTOR Tp =70°C Ta = 85°C
POWERRATING  ABOVETA=25°C  POWER RATING POWER RATING
DCA 56 W 44.8 mMW/°C 3.6W 29W

$Please see the Texas Instruments document, PowerPAD Thermally Enhanced Package Application
Report (literature number SLMAQ02), for more information on the PowerPAD package. The thermal data
was measured on a PCB layout based on the information in the section entitled Texas Instruments

Recommended Board for PowerPAD on page 33 of the before mentioned document.

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Vpp, PVpp, LPVpp, RPVpp 8 14 \
Logic supply voltage, Vcc 4.5 55 \
High-level input voltage, V) (MUTE, SHUTDOWN) 2 Vpp +0.3V Y
Low-level input voltage, Vi (MUTE, SHUTDOWN) -0.3 0.8 v
Audio inputs, LINN, LINP, RINN, RINP, differential input voitage 1| VRvs
PWM frequency 100 250 500 | kHZ
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TPA032D02 |
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

electrical characteristics Class-D amplifier, Vpp = PVpp = LPVpp =RPVpp=12V,RL. =4 Q10 8 Q,
Ta = 25°C, See Figure 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power supply rejection ratio Vpp=PVpp=xPVpp=11Vto 13V -40 dB
Ipp Supply current 'No output filter connected 25 35| mA
IDD(Mute) Supply current, mute mode MUTE=0V 10 18| mA
IDD(S/D)  Supply current, shutdown mode SHUTDOWN =0V 20 30| pMA
! High-level input current (MUTE, MODE, ViH=5.25V 10| pA
SHUTDOWN)
[t Low-level input current (MUTE, MODE, ViL=-03V 10 pA
SHUTDOWN)
DS(on) Static drain-to-source on-state resistance Ipp=05A 720 800 mQ
(high-side + low-side FETs)
Matching, high-side to high-side, low-side to o
DS(on)  ow-side, same channel 95%  98%

operating characteristics, Class-D amplifier, Vpp = PVpp = LPVpp = RPVpp =12 V,R. =4 Q,
Ta = 25°C, See Figure 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
f=1kHz,
"o Ouputsoner st o |
See Note 2
Efficiency Fo=10W, 7%
Ay Gain 25 dB
Left/right channel gain matching 92%  95%
Noise floor -60 dB
Dynamic range 80 dB
Crosstalk f=1kHz -50 dB
Frequency response bandwidth, post output filter, —3 dB 20 20000 Hz
Bom Maximum output power bandwidth ) 20| kHz
Z) Input impedance 10 kQ

NOTE 2: Output pbwer is thermally limited, Ta = 23°C
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

operating characteristics, Class-D amplifier, Vpp = PVpp = LPVpp = RPVpp =12 V, R = 8 Q,
Ta = 25°C, See Figure 2 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
THD = 0.5%, per channel,
Po Output power, Device soldered on PCB, 7.5 w
See Note 2
Efficiency f=° f:é W, 85%
Ay Gain 25 dB
Left/right channel gain matching 92%  95%
Noise floor -60 dB
Dynamic range 80 dB
Crosstalk f=1kHz -50 dB
Frequency response bandwidth, post output filter, —3 dB 20 20000 Hz
Bom Maximum output power bandwidth 20 | kHz
Z) Input impedance 10 kQ
NOTE 2: Output power is thermally limited, Tp = 85°C
operating characteristics, Vgc 5-V regulator, Tp = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vo Output voltage :/ODE ; tz\sl)g?n; LPVDD =RPVpp =8Vto 14V, 4.5 5.5 \
los Short-circuit output current Vpp =PVpp = LPVpp = RPVpp =8 V to 14 VT 90 mA
1 Pulse width must be limited to prevent exceeding the maximum operating virtual junction temperature of 150°C.
thermal shutdown
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Thermal shutdown temperature 165 °C
Thermal shutdown hysteresis 30 °C
‘5 TEXAS
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A — DECEMBER 1999 — REVISED MARCH 2000

PARAMETER MEASUREMENT INFORMATION

FAuLTO 42~
FauLT1 AL
[
VCCREG ~ 1| shutpown 1a15 15HH
VccREG —2 muTe LouTN |14
0.22 uF —~
9,16 "____l_ ThF S a0
12V LPVpD o22pFk L
1uF toutp H&I_~on ®-
u 15 uH

oroaanced {4@'
—=H L 29

Input Signal
V2P5
6

[ el LcomP 1 14F
43 © rcomp T

1000 pFI
— 1000 pF

-
=
a1

vopF2— 12v

a"HF_l

CcosCc
1000 pF

.;H}_I

VCcCREG ——I~ ToVce

1uF =
Balanced —K———“ | RINP »
Differential
CP1
Input Signal ——{@5— RINN ~L 47nF
1uF
+334 cp2 B2—
¥ azavasar | ioD v |22
3.7:2046.47 1 pGND
12,13,27,36,37 PGND
12V 21,28 PVDD
ROUTN —'——fW“"j
500 kQ
To VCCREG oo 21y,
100 kQ % ROUTP'M

Figure 1. 12-V, 4-Q Test Circuit
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

PARAMETER MEASUREMENT INFORMATION

r
: FauLTo 42
| FauLT1 2
VccREG —2—= SHUTDOWN 14,15 30 uH
VCCREG —<] MUTE LOUTN
0.1 uF
E—J 1uF é 8Q
12 Vg’ﬁl LPVpp 0.1pF = |
10,11
LOUTP]
1uF s 30 uH
Balanced [ —|—> Linp
Differential
Input Signal —'H" LINN | 29
14 V2P5 I-—AL
J_———- LCOMP I 14F
43
1000 pF 1\ | RCOMP | I
I =
= 1000pFI VDD' 8 12V
J:—“;' COSC
1000 pF I VccREG bz T ToVce
= I 0.1 uF
1puF =
Balanced {——Iei RINP 24
Differential |
cPET—]
Input Signal ——lei RINN 47 nF
1uF cpal 2
33,34 } poyo o vopl2
3,7,204647 ¢ ,cnn
12,13,27,36,37 0.1 pF
PGND I
21,28
12v PVpp 2435 30 pH
ROUTN
500 kQ 01 uF
w
1WF 2 8Q
To 32 | : E
VCCREG Vec se 0.1 uF L
100 k2 | rouTP|
| 30 uH
= L
Figure 2. 12-V, 8-Q Test Circuit
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

APPLICATION INFORMATION

Tosystem | _1 ;' syirpown
Control 2 MUTE
ol VccREG
9,16
12V __ri—:ﬁ"—‘ LPVpp
1uF == 14F 100 kQ
10 uF 100 kQ
@ vV FAULTO 22 P
. 1uF M To System
Left Class-D Balanced {——l(—i— LINP FAULT1 Control
Differential Input 15 uH
signal | —— Lnn LouTn 11415~ 2K
1uF
,_————6 | Lcomp 0.22uF L Saa
1000 pF T~ _[__43_ RCOMP 0.22 uF
= 1000 pF /_]_\ 10,11
L LOUTP )
- 15 pl
[y eese vaps 22—
1000 pF HE 1pF
T Voo~ ——@— 12v° D
= 1uF -
1uF j:__
44
Right Class-D Balanced | —|(—**-} RINP vocreG T vee
Differential Input 45
signal | —|**- rinn
1uF
12V —rj_—,—,:ia—i’s‘?" RPVpp
TV
3,7,20,4647 | o0
12,13,27,36.37 | penp w
21,28
V. 2y——e—=2=HpVpp cP1 Lo
1uF ? 25 T
cp2p=—
vepl 22 1
15 uH 0.1 uF
! ¥
RouTN |-34:35
0.22uF
E—] 1uF 240
0.1 ].lF 2
VoD 2 vee 0.22 uF L
500 kQ ROUTP! 38,39
15 pH
To
VccREG 0.1 uF

100 kQ I . |

NOTE A. Vg = power ground and ‘l‘ = analog ground

Figure 3. TPA032D02 Typical Configuration Application Circuit
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A — DECEMBER 1999 — REVISED MARCH 2000

APPLICATION INFORMATION

input capacitor, C;

In the typical application an input capacitor, Cy, is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, C; and Z;, the TPA032D02’s input resistance forms a
high-pass filter with the corner frequency determined in equation 8.

| e———
-3dB

_ 1
fc(highpass) = 2rZC, (8)

Z) is nominally 10 kQ

fe

The value of Cy is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where the specification calls for a flat bass response down to 40 Hz. Equation 8 is
reconfigured as equation 9.

_ 1
G = 2nZ,f; ©

In this example, C; is 0.40 uF so one would likely choose a value in the range of 0.47 uF to 1 uF. A low-leakage
tantalum or ceramic capacitor is the best choice for the input capacitors. When polarized capacitors are used,
the positive side of the capacitor should face the amplifier input, as the dc level there is held at 1.5 V, which is
likely higher than the source dc level. Please note that it is important to confirm the capacitor polarity in the
application.

differential input

The TPA032D02 has differential inputs to minimize distortion at the input to the IC. Since these inputs nominally
sit at 1.5 V, dc-blocking capacitors are required on each of the four input terminals. If the signal source is
single-ended, optimal performance is achieved by treating the signal ground as a signal. In other words,
reference the signal ground at the signal source, and run a trace to the dc-blocking capacitor, which should be
located physically close to the TPA032D02. If this is not feasible, itis still necessary to locally ground the unused
input terminal through a dc-blocking capacitor.

power supply decoupling, Cg

The TPA032D02 is a high-performance Class-D CMOS audio amplifier that requires adequate power supply
decoupling to ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling
also prevents oscillations for long lead lengths between the ampilifier and the speaker. The optimum decoupling
is achieved by using two capacitors of different types that target different types of noise on the power supply
leads. For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-
resistance (ESR) ceramic capacitor, typically 0.1 uF placed as close as possible to the device’s various Vpp
leads, works best. For filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 pF
or greater placed near the audio power amplifier is recommended.

The TPA032D02 has several different power supply terminals. This was done to isolate the noise resulting from
high-current switching from the sensitive analog circuitry inside the IC.
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A — DECEMBER 1999 ~ REVISED MARCH 2000

APPLICATION INFORMATION

mute and shutdown modes

The TPA032D02 employs both a mute and a shutdown mode of operation designed to reduce supply current,
Ipp, to the absolute minimum level during periods of non-use for battery-power conservation. The SHUTDOWN
input terminal should be held high during normal operation when the amplifier is in use. Pulling SHUTDOWN
low causes the outputs to mute and the amplifier to enter a low-current state, Ipp = 20 pA. Mute mode alone
reduces Ipp to 10 mA.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real (as opposed to ideal)
capacitor can be modeled simply as a resistor in series with an ideal capacitor. The voltage drop across this
resistor minimizes the beneficial effects of the capacitor in the circuit. The lower the equivalent value of this
resistance the more the real capacitor behaves like an ideal capacitor.

output filter components

The output inductors are key elements in the performance of the class-D audio amplifier system. It is important
that these inductors have a high enough current rating and a relatively constant inductance over frequency and
temperature. The current rating should be higher than the expected maximum current to avoid magnetically
saturating the inductor. When saturation occurs, the inductor loses its functionality and looks like a short circuit
to the PWM signal, which increases the harmonic distortion considerably.

A shielded inductor may be required if the class-D amplifier is placed in an EMI sensitive system; however, the
switching frequency is low for EMI considerations and should not be an issue in most systems. The dc series
resistance of the inductor should be low to minimize losses due to power dissipation in the inductor, which
reduces the efficiency of the circuit.

Capacitors are important in attenuating the switching frequency and high frequency noise, and in supplying
some of the current to the load. It is best to use capacitors with low equivalent-series-resistance (ESR). A low
ESR means that less power is dissipated in the capacitor as it shunts the high-frequency signals. Placing these
capacitors in parallel also parallels their ESR, effectively reducing the overall ESR value. The voltage rating is
also important, and, as a rule of thumb, should be 2 to 3 times the maximum rms voltage expected to allow for
high peak voltages and transient spikes. These output filter capacitors should be stable over temperature since
large currents flow through them.

2-108
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TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

APPLICATION INFORMATION

efficiency of class-D vs linear operation

Amplifier efficiency is defined as the ratio of output power delivered to the load to power drawn from the supply.
In the efficiency equation below, P|_is power across the load and Pgyp is the supply power.
. PL
Efficiency = n = P
SupP

A high-efficiency amplifier has a number of advantages over one with lower efficiency. One of these advantages
is a lower power requirement for a given output, which translates into less waste heat that must be removed
from the device, smaller power supply required, and increased battery life.

Audio power amplifier systems have traditionally used linear amplifiers, which are well known for being
inefficient. Class-D amplifiers were developed as a means to increase the efficiency of audio power amplifier
systems.

A linear amplifier is designed to act as a variable resistor network between the power supply and the load. The
transistors operate in their linear region and voltage that is dropped across the transistors (in their role as
variable resistors) is lost as heat, particularly in the output transistors.

The output transistors of a class-D amplifier switch from full OFF to full ON (saturated) and then back again,
spending very little time in the linear region in between. As a result, very little power is lost to heat because the
transistors are not operated in their linear region. If the transistors have a low on-resistance, little voltage is
dropped across them, further reducing losses. The ideal class-D amplifier is 100% efficient, which assumes that
both the on-resistance (fDS(on)) and the switching times of the output transistors are zero.

the ideal class-D amplifier

To illustrate how the output transistors of a class-D amplifier operate, a half-bridge application is examined first
(see Figure 4).

VpbD

Figure 4. Half-Bridge Class-D Output Stage

Figures 5 and 6 show the currents and voltages of the half-bridge circuit. When transistor M1 is on and M2 is
off, the inductor current is approximately equal to the supply current. When M2 switches on and M1 switches
off, the supply current drops to zero, but the inductor keeps the inductor current from dropping. The additional
inductor current is flowing through M2 from ground. This means that Vp (the voltage at the drain of M2, as shown
in Figure 4) transitions between the supply voltage and slightly below ground. The inductor and capacitor form
a low-pass filter, which makes the output current equal to the average of the inductor current. The low pass filter
averages Va, which makes Vo equal to the supply voltage muiltiplied by the duty cycle.

‘!’1‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-109



TPA032D02
10-W STEREO CLASS-D AUDIO POWER AMPLIFIER

SLOS243A - DECEMBER 1999 — REVISED MARCH 2000

APPLICATION INFORMATION
the ideal class-D amplifier (continued)

Control logic is used to adjust the output power, and both transistors are never on at the same time. If the output
voltage is rising, M1 is on for a longer period of time than M2.

A Inductor Current
> N 2 S Output Current

Supply Current

Current

©
v

1
M1 on; M1 off, M1 on
M2 off| M20n=M20ﬁ} b

Time

Figure 5. Class-D Currents

Vbbp
VA

L~

)“K

)

Vour

o
v

M1 on | M1 off |M1on
M2 off | M2 on :M2off: b

Time

Figure 6. Class-D Voltages
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APPLICATION INFORMATION

the ideal class-D ampilifier (continued)

Given these plots, the efficiency of the class-D device can be calculated and compared to an ideal linear
amplifier device. In the derivation below, a sine wave of peak voltage (Vp) is the output from an ideal class-D

and linear amplifier and the efficiency is calculated.

Vpp Vv
_ 'op VP

CLASS-D LINEAR
\ \"
- _P _ P
VL(rms) - E VL(rms) - E
2
| x V \ V.2
L(rms) L(rms) L(rms) P
Average (I =— P =— =_F
( DD) VDD L RL 2 RL
\"
- _2 P
PL=V X1 Average (Ipp) = £ x AL
Psup = Vpp X Average(lDD) PSUP = Vpp X Average(IDD) = R,
\ 1 XV P
PSUP - _bbx L(:'/ns) L(rms) Efficiency = n =P L
DD SUP
V2
. P i - 2R,
Efficiency = nn = Po Efficiency = n = Vpp X v
SuP 2. _P
T RL
Vp
Efficiency = 1 = 1 Efficiency = 1 = & x ——
4" Vpp

2
n

In the ideal efficiency equations, assume that Vp = Vpp, which is the maximum sine wave magnitude without
clipping. Then, the highest efficiency that a linear amplifier can have without clipping is 78.5%. A class-D

amplifier, however, can ideally have an efficiency of 100% at all power levels.

The derivation above applies to an H-bridge as well as a half-bridge. An H-bridge requires approximately twice
the supply current but only requires half the supply voltage to achieve the same output power—factors that

cancel in the efficiency calculation. The H-bridge circuit is shown in Figure 7.
VoD Vbp
‘l M1 M4 L

1 1
.L’ O_U_-L + Vout-
* AN~

Lcl RL j_c L
N wme LI IL ms ||

Figure 7. H-Bridge Class-D Output Stage
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APPLICATION INFORMATION

losses in a real-world class-D amplifier

Losses make class-D amplifiers nonideal, and reduce the efficiency below 100%. These losses are due to the
output transistors having a nonzero rpgon), and rise and fall times that are greater than zero.

The loss due to a nonzero rpgon) is called conduction loss, and is the power lost in the output transistors at
nonswitching times, when the transistor is on (saturated). Any rpg(on) above 0 Q causes conduction loss.
Figure 8 shows an H-bridge output circuit simplified for conduction loss analysis and can be used to determine
new efficiencies with conduction losses included.

VDD=12V

'DS(on)< 0.36 Q 5MQ rDS(off)

DS(off) 'DS(on)

Figure 8. Output Transistor Simplification for Conduction Loss Calculation

The power supplied, Pgyp, is determined to be the power output to the load plus the power lost in the transistors,
assuming that there are always two transistors on.

- PL
Efficiency = n = Po
SUP
Effici 2R,
iciency = 1 = S———pb—
2 20psiom + 1PRL
Eﬁ. . RL
iciency = 1 = /———=——o
2rps(on) T AL
Efficiency = 1 = 95% (at all output levels rpg (o = 0.1 ©, R = 4 Q)
Efficiency = n = 85% (at all output levels rpg o = 0.36 ©, R = 4 Q)
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APPLICATION INFORMATION

losses in a real-world class-D amplifier (continued)

Losses due to rise and fall times are called switching losses. A diagram of the output, showing switching losses,
is shown in Figure 9.

e J
I 1 i

e

tswon + tswoft = tsw
Figure 9. Output Switching Losses

Rise and fall times are greater than zero for several reasons. One is that the output transistors cannot switch
instantaneously because (assuming a MOSFET) the channel from drain to source requires a specific period
of time to form. Another is that transistor gate-source capacitance and parasitic resistance in traces form RC
time constants that also increase rise and fall times.

Switching losses are constant at all output power levels, which means that switching losses can be ignored at
high power levels in most cases. At low power levels, however, switching losses must be taken into account
when calculating efficiency. Switching losses are dominated by conduction losses at the high output powers,
but should be considered at low powers. The switching losses are automatically taken into account if you
consider the quiescent current with the output filter and load.

class-D effect on power supply

Efficiency calculations are an important factor for proper power supply design in amplifier systems. Table 2
shows Class-D efficiency at a range of output power levels (per channel) with a 1-kHz sine wave input. The
maximum power supply draw from a stereo 10-W per channel audio system with 4-Q loads and a 12-V supply
is almost 26 W. A similar linear amplifier such as the TPA032D02 has a maximum draw of greater than 50 W
under the same circumstances.

Table 2. Efficiency vs Output Power in 12-V 4-Q H-Bridge Systems

Output Power (W) Efficiency (%) Peak Voltage (V) Internal Dissipation (W)
05 41.7 2 0.7
66.7 4 1.0
5 75.1 6.32 1.66
8 78 8 2.26
10 77.9 8.94T 2.84

T High peak voltages cause the THD to increase
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APPLICATION INFORMATION

class-D effect on power supply (continued)

There is a minor power supply savings with a class-D amplifier versus a linear amplifier when amplifying sine
waves. The difference is much larger when the amplifier is used strictly for music. This is because music has
much lower RMS output power levels, given the same peak output power (see Figure 10); and although linear
devices are relatively efficient at high RMS output levels, they are very inefficient at mid-to-low RMS power
levels. The standard method of comparing the peak power to RMS power for a given signal is crest factor, whose
equation is shown below. The lower RMS power for a set peak power results in a higher crest factor

Crest Factor = 10 log %
ms

PpK

Power

PRMS

Time

Figure 10. Audio Signal Showing Peak and RMS Power
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APPLICATION INFORMATION

crest factor and thermal considerations

Atypical music CD requires 12 dB to 15 dB of dynamic headroom to pass the loudest portions without distortion
as compared with the average power output. From the TPA032D02 data sheet, one can see that when the
TPA032D02 is operating from a 12-V supply into a 4-Q speaker that 20-W peaks are available. Converting watts
to dB:

P
w 20
P4 = 10Log ('—Dr—ef) = 10Log (_1_) =6 dB (17)

Subtracting the crest factor restriction to obtain the average listening level without distortion yields:

6.0dB - 18 dB = — 12 dB (15 dB crest factor)
6.0 dB - 15 dB = — 9 dB (15 dB crest factor)
6.0 dB — 12 dB = — 6 dB (12 dB crest factor)

6.0 dB -9 dB = — 3 dB (9 dB crest factor)
6.0 dB — 6 dB — 0 dB (6 dB crest factor)
6.0 dB — 3 dB = 3 dB (3 dB crest factor)

Converting dB back into watts:

— 10PdB/10
Py = 10P9B/10xp (18)

315 mW (18 dB crest factor)
630 mW (15 dB crest factor)

1.25 W (12 dB crest factor)
2.5 W (9 dB crest factor)

5 W (6 dB crest factor)

10 W (3 dB crest factor)

I

[l

This is valuable information to consider when attempting to estimate the heat dissipation requirements for the
amplifier system. Comparing the absolute worst case, which is 10 W of continuous power output with a 3 dB
crest factor, against 12 dB and 15 dB applications drastically affects maximum ambient temperature ratings for
the system. Using the power dissipation curves for a 12-V, 4-Q system, the internal dissipation in the
TPA032D02 and maximum ambient temperatures are shown in Table 3.
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APPLICATION INFORMATION

crest factor and thermal considerations (continued)

Table 3. TPA032D02 Power Rating, 12-V, 4-Q, Stereo

PEAK OUTPUT POWER | aueon e ourpuT POWER POW(I‘EAI; g:gg:‘l:llx)nw Ml_}_)élmgg:‘ ﬂ:&m
20 10 W (3 dB) 2.84 23°C
20 5W (6 dB) 1.66 75°C
20 2.5W (9 dB) 1.12 100°C
20 1.25 W (12 dB) 0.87 111°C
20 630 mW (15 dB) 0.7 118°C
20 315 mW (18 dB) 0.6 123°C

The maximum ambient temperature depends on the heatsinking ability of the PCB system. Using the 0 CFM
data from the dissipation rating table, the derating factor for the DCA package with 6.9 in2 of copper area on
a multilayer PCB is 44.8 mW/°C. Converting this to ©ja:

0., =1
JA 7 Derating (19)
1
0.0448
22.3°C/W

To calculate maximum ambient temperatures, first consider that the numbers from the dissipation graphs are
per channel so the dissipated heat needs to be doubled for two channel operation. Given ©ja, the maximum
allowable junction temperature, and the total internal dissipation, the maximum ambient temperature can be
calculated with the following equation. The maximum recommended junction temperature for the TPA032D02
is 150 °C. The internal dissipation figures are taken from the Efficiency vs Output Power graphs.

Tp Max = T; Max — 0, Pp (20)
150 — 22.3(0.7 x 2) = 118°C (15 dB crest factor)

150 — 22.3(2.84 x 2) = 23°C (3dB crest factor)

NOTE:
Internal dissipation of 1.4 W is estimated for a 10-W system with a 15 dB crest factor per channel.

The TPA032D02 is designed with thermal protection that turns the device off when the junction temperature
surpasses 150°C to prevent damage to the IC. Table 3 was calculated for maximum listening volume without
distortion. When the output level is reduced the numbers in the table change significantly. Also, using 8-Q
speakers dramatically increases the thermal performance by increasing amplifier efficiency.
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THERMAL INFORMATION

The thermally enhanced DCA package is based on the 56-pin TSSOP, but includes a thermal pad (see Figure 11)
to provide an effective thermal contact between the IC and the PWB.

Traditionally, surface mount and power have been mutually exclusive terms. A variety of scaled-down TO-220-type
packages have leads formed as gull wings to make them applicable for surface-mount applications. These packages,
however, have only two shortcomings: they do not address the very low profile requirements (<2 mm) of many of
today’s advanced systems, and they do not offer a terminal-count high enough to accommodate increasing
integration. On the other hand, traditional low-power surface-mount packages require power-dissipation derating that
severely limits the usable range of many high-performance analog circuits.

The PowerPAD package (thermally enhanced TSSOP) combines fine-pitch surface-mount technology with thermal
performance comparable to much larger power packages.

The PowerPAD package is designed to optimize the heat transfer to the PWB. Because of the very small size and
limited mass of a TSSOP package, thermal enhancement is achieved by improving the thermal conduction paths that
remove heat from the component. The thermal pad is formed using a patented lead-frame design and manufacturing
technique to provide a direct connection to the heat-generating IC. When this pad is soldered or otherwise thermally
coupled to an external heat dissipator, high power dissipation in the ultra-thin, fine-pitch, surface-mount package can
be reliably achieved.
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Figure 11. Views of Thermally Enhanced DCA Package
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e Extremely Efficient Class-D Mono DCA PAGRAGE
Operation (TOP VIEW)
® Drives Mono Speaker, Plus Stereo SHUTOOWN CT1 10 48 [T cosc
Headphones MUTE CI] 2 47 -1 AGND
® 10-W BTL Output Into 4 Q From 12V MODE [ 8 46 'T1 AGND
® 32-W Peak Music Power INN CL4 4 45 T AGND
- . INP I 5 44 7T AGND
® Fully Specified for 12-V Operation comp CI & 43 1 AGND
® Low Shutdown Current AGND [T 7 42 7T FAULTO
® Class-AB Headphone Amplifier VoD 8 41 T FAULT1
® Thermally-Enhanced PowerPAD™ Surface OP:J?,B T ?0 ;g g :\éDD
Mount Packaging outp I 1t 38 FTI NC
® Thermal and Under-Voltage Protection PGND CI] 12 37 11 PGND
PGND 13 36 T PGND
description OUTN 14 35 [[T NC
The TPA032D03 is a monolithic power IC mono ?,l\g'; — :2 g; % g\c/:DD
audio amplifier that operates in extremely efficient HPREG 17 32 [T HPV e
Class-D operation, using the high switching speed HPLOUT CT] 18 31 T HPROUT
of power DMOS transistors to replicate the analog HPUIN . 190 30 |1 HPRIN
input signal through high-frequency switching of AGND T 20 29 13 vors
the output stage. This allows the TPA032D03 to PVpp CI] 21 28 T PVpp
be configured as a bridge-tied load (BTL) amplifier VvCP I 22 27 T3 PGND
capable of delivering up to 10 W of continuous HPDL CT] 23 26 .11 HPDR
average power into a 4-Q load at 0.5% THD+N CP1 1] 24 25 [T CP2
from a 12-V power supply in the high-fidelity audio
frequency range (20 Hz to 20 kHz). A BTL NC — No internal connection

configuration eliminates the need for external

coupling capacitors on the output. Included is a Class-AB headphone amplifier with interface logic to select
between the two modes of operation. Only one amplifier is active at any given time, and the other is in
power-saving sleep mode. Also, a chip-level shutdown control is provided to limit total supply current to 20 pA,
making the device ideal for battery-powered applications.

The output stage is compatible with a range of power supplies from 8 V to 14 V. Protection circuitry is included
to increase device reliability: thermal and under-voltage shutdown, with a status feedback terminal for use when
any error condition is encountered.

The high switching frequency of the TPA032D03 allows the output filter to consist of three small capacitors and
two small inductors per channel. The high switching frequency also allows for good THD+N performance.

The TPA032D03 is offered in the thermally enhanced 48-pin PowerPAD TSSOP surface-mount package
(designator DCA).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright © 2000, Texas Instruments Incorporated
m:acr.: ;::‘f':;“y to specifications per Med gsm: n‘:' exas Innri:‘m %
testing of all parameters. TEXAS
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Terminal Functions

TERMINAL DESCRIPTION
NAME NO.
AGND 7, 20, Analog ground for headphone and Class-D analog sections
43, 44,
45, 46, 47

COMP 6 Compensation capacitor terminal for Class-D amplifier

COSsC 48 Connect a capacitor from analog ground to this terminal to set the frequency of the ramp reference signal.

CP1 24 First diode node for charge pump

CcP2 25 First inverter switching node for charge pump

FAULTO 42 Logic level faultd output signal. Lower order bit of the two fault signals with open drain output.

FAULT1 41 Logic level fault1 output signal. Higher order bit of the two fault signals with open drain output.

HPDL 23 Depop control for ieft headphone

HPDR 26 Depop control for right headphone

HPLIN 19 Headphone amplifier left input

HPLOUT 18 Headphone amplifier left output

HPREG 17 5-V regulator output. This terminal requires a 1-uF capacitor to ground for stability reasons.

HPRIN 30 Headphone amplifier right input

HPROUT 31 Headphone amplifier right output

HPVce 32 5V supply to headphone amplifier and logic. This terminal is typically connected to HPREG.

INN Class-D negative input

INP 5 Class-D positive input

MODE 3 TTL logic-level mode input signal. When MODE is held low, the main Class-D amplifier is active. When MODE is
held > high, the head phone amplifier is active.

MUTE 2 Active-low TTL logic-level mute input signal. When MUTE is held low, the selected amplifier is muted. When MUTE
is held > high, the device operates normally. When the Class-D amplifier is muted, the low-side output transistors
are turned on, shorting the load to ground.

NC 34,35, | No connection

38, 39

OUTN 14,15 | Class-D amplifier negative output of H-bridge

ouTP 10, 11 Class-D amplifier positive output of H-bridge

PGND 12,13 Power ground for H-bridge only

PGND 27 Power ground for charge pump only

PGND 36,37 | Power ground for H-bridge only

PVpp 9, 16, 21, | Vpp supply for charge-pump, headphone regulator, Class-D amplifier, and gate drive circuitry

28, 33,40

SHUTDOWN 1 Active-low TTL logic-level shutdown input signal. When SHUTDOWN is held low, the device goes into shutdown
mode. When SHUTDOWN is held high, the device operates normally.

V2P5 29 2.5V internal reference bypass. This terminal requires a capacitor to ground.

VCP 22 Connect a capacitor from this terminal to power ground to provide storage for the charge pump output voltage.

Vbbb 8 Vpp bias supply for analog circuitry. This terminal needs to be well filtered to prevent degrading the device

performance.
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Class-D amplifier faults

Table 1. Class-D Amplifier Fault Table

FAULT 0

FAULT 1

DESCRIPTION

1

1

No fault. The device is operating normally.

0

1

Charge pump under-voltage lock-out (VCP-UV) fault. All low-side transistors are turned on, shorting the load to
ground. Once the charge pump voltage is restored, normal operation resumes, but FAULT1 is still active. This is not
a latched fault, however. FAULT1 is cleared by cycling MUTE, SHUTDOWN, or the power supply.

Thermal fault. All the low-side transistors are turned on, shorting the load to ground. Once the junction temperature
drops 20°C, normal operation resumes (not a latched fault). But the FAULTx terminals are still set and are cleared
by cycling MUTE, SHUTDOWN, or the power supply.

headphone amplifier faults

The thermal fault remains active when the device is in head phone mode. This fault operation has exactly the
same as it does for the Class-D amplifier (see Table 1).

If HPV ¢ drops below approximately 4.5 V, the head phone is disabled. Once HPV ¢ exceeds approximately
4.5V, the head phone amplifier is re-enabled. No fault is reported to the user.

AVAILABLE OPTIONS
PACKAGED DEVICES
TA Tssopt
(DCA)
—40°C to 125°C TPA032D03DCA

T The DCA package is available in left-ended tape and reel. To order
a taped and reeled part, add the suffix R to the part number (e.g.,
TPA032D03DCAR).
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absolute maximum ratings over operating free-air temperature range, g =

Ao 8 _aL 2
£ZI7L (UNIESS Uuierwide

noted)t
Supply voltage, (VDD, PVDD) « -« c vttt i e 14V
Headphone supply voltage, (HPVCE) ..o v 55V
Input voltage, V) (MUTE, MODE, SHUTDOWN) . ...ttt i, -0.3Vto7V
Output current, Ig (FAULTO, FAULT1), open drain terminated ................... ... .ot 1mA
Supply/load voltage, (FAULTO, FAULTT) ...t e e e e 7V
Charge pump VOIRAGE, VOP -« -« vttt ittt e et et e e e PVpp +20V
Continuous H-bridge output current (1 H-bridge conducting) ..................coiiiiiiiiin... 3.5A
Pulsed H-Bridge output current, each output, Ijmax (SeeNote 1) ........... ... oo, 7A
Continuous HPREG output current, g (HPREG) .......... .. it 150 mA

Continuous total power dissipation, Tc =25°C ........................
Operating virtual junction temperaturerange, Ty ...... ... i,
Operating case temperature range, TG ... v vivviiit i i
Storage temperature range, Tgtg - .« vveni i
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............ ...,

See Dissipation Rating Table
—40°C to 150°C
—40°C to 125°C
—65°C to 260°C

260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Pulse duration = 10 ms, duty cycle < 2%

DISSIPATION RATING TABLE

PACKAGE Ta <25°CH DERATING FACTOR Tap=70°C T = 85°C
POWER RATING  ABOVETp=25°C  POWER RATING POWER RATING
DCA 56 W 44.8 mW/°C 36W 29W

¥ Please see the Texas Instruments document, PowerPAD Thermally Enhanced Package Application
Report (literature number SLMA002), for more information on the PowerPAD package. The thermal data
was measured on a PCB layout based on the information in the section entitled Texas Instruments

Recommended Board for PowerPAD on page 33 of the before mentioned document.

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Vpp, PVpp 8 14 \'
Headphone supply voltage, HPVcc 4.5 5.5 \
High-level input voltage, Vi (MUTE, MODE, SHUTDOWN) 2 Vpp +0.3V \Y
Low-level input voltage, V| (MUTE, MODE, SHUTDOWN) -0.3 0.8 \
Audio inputs, LINN, LINP, RINN, RINP, HPLIN, HPRIN, differential input voltage 1| VRMS
PWM frequency 100 250 500 | kHzZ

3
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electrical characteristics Class-D amplifier, Vpp = PVpp =12 V, RL. = 4 Q to 8 Q, Tp = 25°C,
See Figure 1 (unless othe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>