Low Power Headphone Amplifier Overview
Class AB, D & G Solutions
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Audio Portfolio

Texas Instruments’ complete line of audio products feature over 2000
devices within our DAC, ADC, CODEC, AMP, Line driver, Interface, USB
Audio, and other product families.

ADC

HW / SW Controlled

AMP

CODEC

DAC

Smart AMP

Stereo/Mono Power and Current Output, Low and Mid Power
Class AB & D w/Boost Performance Voltage Output, Amplifiers with Smart
1.8-3.3-5V Power Optimized 2VRMS Output, Delta Speaker Protection

Analog Input Sigma
Audio PLL Integrated Amplifiers Integrated Amplifiers Integrated IV Sense,
Low Power options w/

Excursion and Temp
Energy Sense PurePath™ Integrated DSP DSP integration sensing options
#ADC | 1-4 L #ADC/DAC| 0-6/1-8 #DAC | 1-8 Output | 7.5—50W
SNR | 92-123dB Output ANC/DAC | 72:112dB ll sNR |o2-127dB J| PSRR |75 dB
P 0.35-400W .
PWR | 17-600mW oWer o S — THD (%) |0.0004-0.04 M Inputs | Analog/Dig.

Packages: 5.3 - 144mm?

1K: $0.80 - $8.55

Packages: 2 - 517mm?2

Packages: 7.8 - 170mm?2

Packages: 6.4 - 144mm?

Packages: 7.5 - 76mm?

1K: $0.26 - $10.75

1K: $1.23 - $19.25

1K: $0.89 - $11.18

1K: $1.39 - $3.75
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Low Power Headphone Amplifier Features

 Class AB and G amplifier solutions
» DirectPath (ground-centered outputs)
e Output power from 25 - 150mW

* Flexible inputs/outputs
— Differential and SE options

« Ultra-low shutdown power modes

« Numerous Integrated features

— Filter-free outputs, 12C Programmability,
Selectable Gain, Volume control, Digital
microphone input, Charge pump,
secondary ADC

 Multiple packaging options
— As small as 1.6mm?
— WCSP, QFP, TSSOP, MSOP, SOIC
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DirectPath™

Issues

Many amplifiers utilize a single +3.3V or +5V supply

These supplies require a DC-biased amplifier
output to Insure undistorted output

Utilizing DC-blocking capacitors between the
speaker and amgllfler creates a high-pass filter and
equates to poor bass response

Solutions

Tl provides both capless and DirectPath technology
to eliminate these DC-blocking capacitors

Capless solutions create a virtual ground for the
headphone connector. Both amplifier outputs then
have a VDD/2 bias ensuring that no DC passes
through a speaker

DirectPath technology provides an internal charge
pump which creates a negative power rail inside the
device. The device can then be powered by a
bipolar supply and have an output based to ground.

Benefits

/v ¥ v\

Smaller board space
Lower cost

Better sound / more bass

~

Tradltlonal

V

Capless

vA|:|

VBIAS

DlrectPath

J
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Output Power

1W+

100mW 200mw 300mw

50mwW

EXISTING m ROADMAP

Low Power Headphone Audio Amplifiers

Class
AB G

AB

TPA6120A2

1
I
|
|
|
|
|
|
|
TPA6138A2 :
|
|
|
|

TPAG130A2 TPA6133A2 ! TPAGT12A2
|
I
|
I
|
I
|
I
|
I
|
|

TPA6166A2
TPA6132A2 TPA6141A2

w/ DirectPath™ w/o DirectPath™

Additional Low power headphone amplifier solutions are available.

These are our most popular!
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DirectPath™ Class-AB Headphone Amplifiers

(Ground-Centered Outputs)

TPA6138A2

i3 Texas
INSTRUMENTS

TPA6133A2

i3 Texas
INSTRUMENTS

TPA6132A2

i Texas
INSTRUMENTS

TPA6130A2

JE?TEKAb
INSTRUMENTS

Output
Power
(mW)

PSRR
(dB)

SNR
(dB)

Supply
Current
(mA)

Special
Features

Active-mute
Control

GPIO
Control for
Shutdown

Selectable
Gain

[2C Volume

Control

Package

TSSOP: 20-pin
5x6mm
0.65mm pitch

QFP: 20-pin
Ax4mm
0.5mm pitch

QFN: 16-pin
3x3mm
0.5mm pitch

BGA: 16-ball
2X2mm

0.5mm pitch

B Other pac

kages available
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PAG6138A2

25mW Class-AB Amplifier with DirectPath™

o 25mW output power into 32Q) at 3.3V * Louder audio than the leading competition
» DirectPath Ground-Referenced Outputs » Eliminates DC blocking caps

» Differential Inputs » Better noise rejection = better audio quality
e Active mute control » Pop-free audio On/Off control

« External Under-voltage Mute * Output mute upon power supply removal

» Integrated charge pump * Remove split-rail power requirement

« PW: 14-pin, 4.5 x 5mm, 0.65mm pitch TSSOP

Applications

Television
Speaker Bar
STB
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TPAG6138A2 Block Diagram

Resistor
Selective Gain

_ , [N ]
Differential Input

:lj—mladphone
—INL Driver

Active-Mute
Control

ute

[ vss

Driver

DirectPath Output

P_|
Click and Pop Short-Circuit
Suppression Protection

Short-Circuit

Bias
Circuitry

Protection

m
W

Integrated Charge
pump
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PA6133A2 / TPAG6130A2

138mW Class-AB Amplifiers with DirectPath™

e 138mW output power into 16Q at 5V * Louder audio than the leading competition

» DirectPath Ground-Referenced Outputs » Eliminates DC blocking caps

e |2C Configurable (TPA6130)  Available with or without I2C control

o 2.5-5.5V Supply voltage » Covers the power supply rails typically available in

e Low supply current: 4mA at 5V portable systems

 109dB PSRR » Low power consumption for battery-powered

 RTJ: 20-pin, 4 x 4mm, 0.5mm pitch QFN applications

e YZH: 16-ball, 2 x 2mm, 0.5mm pitch wCSP » Enables direct-to-battery connections
(TPA6130A2 only)

Applications ‘

Notebook PCs 2

DOCking Stations o 047!? LT HPLEFT

Left Out P f—————}—] LEFTINP

047 uF
Right Out M |————||——] RIGHTINM  TPAG130A2 ,_O—A
0.47 uF HPRIGHT

Right Out P |———||—] RIGHTINP

0.47 uF GND

GND

CPP CPN CPVSS VvDD VDD

E’g mFL 1;.FimFL
W T T 7T
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TPAG6133A2 / TPAG6130A2 Block Diagram

r
|
LEFTINM —H
|
Left
|
|
LEFTINP —H
|
|
. Gain
| Control De-Pop
|
Differential Inputs I
RIGHTINM —}]
|
| :
Right
RIGHTINP —H
Current
Thermal Limit
I * ?
CPP l
Charge 12C Interface
CPN Pump and Control
CPVSS

VDD GND VDD GND

DirectPath Output

HPLEFT

HPRIGHT
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PAG6132A2

25mW Class-AB Amplifier with DirectPath™

o 25mW output power into 16Q) at 2.3V e Loud and Low power option

» DirectPath Ground-Referenced Outputs » Eliminates DC blocking caps

» Selectable Gain (-6,0,3,6dB) » Customize to your applications

o 2.3-5.5V Supply voltage » Covers the power supply rails typically available in
e Low supply current: 2.1mA at 2.3V portable systems

 100dB PSRR » Low power consumption for battery-powered

« RTE: 16-pin, 3 x 3mm, 0.5mm pitch QFN applications

» Enables direct-to-battery connections

Applications

Handsets OUTRe[————{— INR+

Notebook PCs o e SR

Docking Stations OUTL- || INL- 1
ENABLE ™— EN :z:g j

GAINOm—— Go
GAINTm— G1

-
VBAT VDD HPVSS

HPVDD
CPP CPN

I
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TPAG6132A2 Block Diagram

vDD Constant Power
T_ Output
r HPVDD
I Supply I ]—2.2 uF
| ‘ Control |
PGND
I HPVDD Short-
Differential Inputs %1— Resistor | ; circuit/Thermal
A OUTL :
INL+ rray I protection
Short-Circuit
I é HPVSS Protection I
I
A . I ‘ Thermal I
Built-in resistors I HPVDD Protection | |
Resistor - | - OUTR
A ’ :
INR+ m———] " * | DirectPath Output
| J7 HPVSS HF’“’DD I
Selectable Gain ! |
(6,0, 3, or 6dB) 0™ Gain Click-and-Pop Cpharge I 1 uF
G1 -_|_ Select Suppression ump Jj
| | CPN
HPVSS
"
SGND EN =
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DirectPath™ Class-G Headphone Amplifiers

TPAG166A2

i3 Texas
INSTRUMENTS

TPAG141A2

i3 Texas
INSTRUMENTS

Output
Power
(mW)

PSRR
(dB)

SNR
(dB)

Supply
Voltage

(V)

Special
Features

Jack Detection

Mic Pre-AMP

Selectable
Gain

Package

Wi3 TEXAS INSTRUMENTS

WCSP: 25-ball
2.5x2.5mm
0.4mm pitch

WCSP: 16-ball
1.6x1.6mm
0.4mm pitch




PAG166A2

DirectPath™ Class-G Amplifier with Jack Detection

» Class-G Amp w/ 30mW/Ch into 32Q .
» DirectPath Ground-Referenced Outputs .
e -42 to +6dB volume control .
» Differential Microphone Pre-Amp .
e Two programmable Gains

» Advanced Accessory detection .
» Secondary ADC for passive multi-button support

» 12C Control .

 YFF: 25-ball, 2.5 x 2.5mm, 0.4mm pitch wCSP

Applications

Handsets

Tables

Notebook PCs
Docking Stations

Maximizes battery life

Eliminates DC blocking caps

1dB steps and control for each channel

Removes requirement of external AC coupling
capacitor

Easily determine attached devices and customize
settings

Ability to use low-power passive buttons for
wakeup purposes

Standard inter-chip communication

Anakog
Basoband
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TPAG6166A2 Block Diagram

Class G Amplifier

Mic Pre-Amp

SDA
SCL

IRQ
I12C interface

CPVDD CPVSS C1P C1N VDD

I/

Volume Control

Mi

MOUTP —
MOUTN .

8

Jack Detection /
Sense
Class-G . & RING1
Stereo Headphone
Amplifier || ||
P esp 1 TIP
Mic || Prot- | & JACK_SENSE
Bias Switch | E{ R'NGE
Matrix
and [ SLEEVE
Detection
Circuit
Secondary ADC for
passive multi-button
Digital
Interface
and ADE
Control

*
GND1 GND2 PGND
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PAG6141A2

DirectPath™ Class-G Amplifier with Gain Select

» Maximizes battery life

» Eliminates DC blocking caps

* Reduced system noise

» Covers the power supply rails typically available in
portable systems

* Chose either 0 or 6dB

* Reduces ground-loop noise

Features

» Class-G Amp w/ 32mW/Ch into 32Q

» DirectPath Ground-Referenced Outputs

« Differential Inputs with integrated low-pass filter
o 2.5-5.5V supply voltage

» Gain Control

» Ground Sense Pin

 YFF: 16-ball, 1.6 x 1.6mm, 0.4mm pitch wCSP

Applications

Handsets

Tables

Notebook PCs
Docking Stations
Remote Control

CODEC

OUTR+
OUTR-
OuTL+

QOUTL-

1uF

——
——-
——iH

i

EN B—
GAIN m—
Vhbatpe— |

22 uH
2.2 uF

INR+
INR-
INL+

INL-

EN
GAIN
AVDD

SW
HPVDD

TPAGB141A2

CPP

OUTR

ouTL

SGND
AGND

HPVSS

CPN

1]

1

-

—iF

2.2F
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TPAG6141A2 Block Diagram

Differential Inputs

Ramp

+

Generator > Gate )}
- Drivers

7

Compensation

Comparator 43

- /

Network
+
Audio AVDD
Level Optimi
Detector plimizer

Thermal
{\E Protection

INL- g

+

Shutdown INR- -
current <3uA INR+ =

Interface

EN m»
Selectable Gain %mm-

Wide 2.5-5.5V Power
supply range

= DirectPath Output

5ms Startup from

Shutdown

- oUT
1
HPVSS Short-Circuit
Protection
HPVDD
N\ & OUTR
1
/’ HPVSS HPVDD
l HPVDD
| CPP
[
Click
Suppression
CPN

SGND HPVSS

Eliminates ground
loop noise
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Class-AB Headphone Amplifiers

Output PSRR Input SNR == Package
Power s (dB) .- — (dB) |  (Shutdown |
(mW) Current uA)

TPAG112A2

MSOP: 10-pin
3x5mm
0.5mm pitch

Single-end

i3 Texas
INSTRUMENTS

TPAG120A2

QFP: 14-pin
3.5%3.5mm
0.5mm pitch

Differential

i3 Texas
INSTRUMENTS
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PAG6112A2

150mW Class-AB Amplifier

150mW output power into 16Q at 2.3V

» Differential Inputs  Increased immunity to noise
o 2.5-5.5V Supply voltage .
e Low supply current: 1.5mA at 2.5V portable systems

Louder audio than the leading competition

Covers the power supply rails typically available in

|£

SHUTDOWN

Vo2

L

1%
Cier

From

Shutdown

Control Circuit -
Il {

L

It
]

+ 10uA current in Shutdown mode * Low power consumption for battery-powered
 DGQ: 10-pin, 3x5mm, 0.5mm pitch MSOP applications
Applications
Handsets JE Vour2
Notebook PCs T S e ﬁ
Docking Stations g *
) T . 4| BYPASS Control
; i Ry R% 7 IN2+
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TPAG6112A2 Block Diagram

r b
Differential Inputs ! 325 ki 325 k) VoD
L—'-—A-\-—-—'—"\x‘\f*- Voo
< Rif= L:SJ
B Vpop/2 l
R o | INT= = 150mW Output
- YW—= Power
Rightin  Ci - Vol ] /
(Differential) R: | + \
\ i 3 g INT+ Cicy
+ —}—m«u—l
- : Ci ) )
Internal Mid-rail k L OReZ | gias | sHuTpown e  From %
ower generation BYPASS Control Shutdown
D 2 J_ i{ ] | Control Circuit < ¥ -~
® L Rff | I
R Ri IN2+ -
# — W 7y
Leftin  C; + Vg2 ¢
(Differential) _ ::I> e
-— A = | Co
! \' '_| [
Ci < Ri IlL S Resistor
7 - selectable gain
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TPAG6120A2

High Fidelity Headphone Amplifier

» Current-feedback amplifier » Low voltage noise and distortion

» 128dB Signal-to-noise / 112dB THD+N » Highest performance amplifier

e Output Noise: 0.9uVrms » Very low output noise

» Differential Inputs » Achieves maximum dynamic range and noise
Immunity

* Independent power supplies * One amplifier can be turned off to save power /

 RGY: 14-pin, 3.5x3.5mm, 0.5mm pitch QFP Low crosstalk

« DWB: 20-pin, 7.5x13mm, 1.2mm pitch

Applications .

12 OPA4134 .
Cp | |27 oF

Headphone Driver

HiFi Smartphone L e
Professional / Consumer Audio Equipment o
Headphone driver

| ]H.
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R-E-D TODAY!

l;g: - www.ti.com/audio - Learn about all our audio products

Parametric Search - Intuitive comparison tool

Audio Selection Tool - Let us help narrow your options

Technical Documents - Datasheets, package info, etc

a \

AlU o EVM & Development Kits — Low cost, easy to use

PurePath Software — No Hassle, free software

Training videos - 24/7, anytime, anywhere

End Equipment Block Diagrams - TI Companion device5/

\

Audio Reference Designs —schematics, gerbers, etc.
Free Samples - Try before you buy (gty limits)
Models & Tools - IBIS, symbols, calculators and more

E2E Forum - Get support from Tl experts & community /

22
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http://www.ti.com/audio
http://e2e.ti.com/support/data_converters/audio_converters/default.aspx

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com/audio
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http://amplifier.ti.com
http://www.ti.com/communications
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http://dsp.ti.com
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http://www.ti.com/medical
http://logic.ti.com
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