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LM49270 Boomer®Audio Power Amplifier Series Filterless 2.2W Stereo Class D Audio
Subsystem with OCL Headphone Amplifier, 3D Enhancement, and Headphone Sense

Check for Samples: LM49270

FEATURES » Click and Pop suppression

« Stereo filterless Class D amplifier * Micro-power shutdown

+ Selectable OCL/CC headphone amplifier * Independent speaker and headphone volume
controls

 Headphone sense ability

e National's 3D Enhancement
* RFsuppression APPLICATIONS
« I?C control interface

e 32-step digital volume control
e 6 Operating Modes

e Output short circuit protection and thermal
shutdown protection

e Minimum external components

» Available in space-saving 28 pin LLP package

e Portable DVD players
e Smart phones
 PDAs

* Laptops

DESCRIPTION

The LM49270 is a fully integrated audio subsystem designed for stereo multimedia applications. The LM49270
combines a 2.2W stereo Class D amplifier with a 155mW stereo headphone amplifier, volume control,
headphone sense, and National's unique 3D sound enhancement into a single device. The LM49270 uses
flexible 1C control interface for multiple application requirements.

The filterless stereo class D amplifiers delivers 2.2W/channel into a 4Q load with less than 10% THD+N with a
5V supply. The headphone amplifier features Output Capacitor-less (OCL) architecture that eliminates the output
coupling capacitors required by traditional headphone amplifiers.

The IC features a headphone sense input (HPS) that automatically detects the presence of a headphone and
configures the device accordingly. The LM49270 can automatically switch from OCL headphone output to a line
driver output. If the VOC pin is pulled to GND, the VOC amplifier is disabled and the VOC pin is internally set to
GND. This feature allows the LM49270 to be used as a line driver in OCL mode without a GND conflict on the
headphone jack sleeve. Additionally, the headphone amplifier can be configured as capacitively coupled (CC).

The LM49270 features a 32 step volume control for the headphone and stereo outputs. The device mode select
and volume are controlled through an I1>°C compatible interface.

Output short circuit and thermal shutdown protection prevent the device from being damaged during fault
conditions. Superior click and pop suppression eliminates audible transients on power-up/down and during
shutdown. The LM49270 is available in a space saving 28-pin, 5x5mm LLP package.

Table 1. Key Specifications

VALUE UNIT
B o Vpp = 3.3V, 450mW/Ch into 8Q 84%
m Stereo Class D Amplifier Efficiency: -
Vpp = 5V, 1W/Ch into 8Q 84%
. Speaker Mode 55 mA
m Quiescent Power Supply Current, Vpp = 3.3V
Headphone Mode (OCL) 4 mA
m Power Output/Channel, Vpp = 5V
Class D Speaker amplifier: | R = 4Q, THD+N = < 10% 2.3 w
R, =8Q, THD+*N =< 1% 106 w
Headphone amplifier: | R = 16Q, THD+N = < 1% 155 mw

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.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2006-2007, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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Table 1. Key Specifications (continued)

VALUE UNIT
R =32Q, THD+N =< 1% 90 mw
m Shutdown current 0.02 HA

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.

Typical Application
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Figure 1. Typical Audio Amplifier Application Circuit
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SQ Package 5mm x 5mm x 0.8mm

Top View
GND HPS SCL SDA LSVpp LLS+ LLS-
1 1 1 1 1 1 1 1 1 1 ] [} 1
1281 1271 1261 1251 1241 1231 1221
1 1 1 1 1 1 1 1 1 1 ] [} 1
L L L L L L L
RHP [ 1 1 P21
| ___, Tt [
voc ! ! 1 20
[, i
. ! —— o
e [37F e
1
HPVDD . T
I H | Lo—-
! i
. ! ——-
R3DIN [ 5 1 : ! L
[ ___ ! P
L3piN |6 _! ' i L6
e e e e e e 1
ByPass | 71 15
—— |
R R S S S A
181 191 1101 M1 21 131 114
[ N B | | e ]
LIN RIN GND NC LSVDDRLS+RLS-
SQ Markings
Top View

NS
UZXYTT

49270SQ

NC

ADR

Vbb

LSGND

12CVpp

NC

NC

NS = National Logo, U = Fab Code, Z = Assembly Plant, XY = 2 Digit date code, TT = Die Traceability, 49270SQ =

LM49270SQ
Pin Descriptions

PIN NAME DESCRIPTION
1 RHP Right channel headphone output
2 VOC VVDD/2 buffer output

3 LHP Left channel headphone output
4 HPVpp Headphone supply input

5 R3DIN Right channel 3D input

6 L3DIN Left channel 3D input

7 BYPASS Bias bypass

8 LIN Left channel input

9 RIN Right channel input

10 GND Analog ground

11 NC No connect

12 LSVpp Speaker supply voltage input

13 RLS+ Right channel non-inverting speaker output
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Pin Descriptions (continued)

PIN NAME DESCRIPTION

14 RLS- Right channel inverting speaker output
15 NC No connect

16 NC No connect

17 12CVpp 12C supply voltage input

18 LSGND Speaker ground

19 Vpp Power supply

20 ADR Address

21 NC No connect

22 LLS- Left channel inverting speaker output
23 LLS+ Left channel non-inverting speaker output
24 LSVpp Speaker supply voltage input

25 SDA Serial data input

26 SCL Serial clock input

27 HPS Headphone sense input

28 GND Headphone ground

Absolute Maximum Ratings @® @

Supply Voltage (Note 1) 6.0V
Storage Temperature -65°C to +150°C
Input Voltage —-0.3V to Vpp +0.3V
Power Dissipation ) Internally Limited
ESD Susceptibility 2000V
ESD Susceptibility 200V
Junction Temperature (T jyax) 150°C
Thermal Resistance

0;a 35.1°C/W

(1) Allvoltages are measured with respect to the ground pin, unless otherwise specified.

(2) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical
specifications under particular test conditions which specify performance limits. This assumes that the device is within the Operating
Ratings. Specifications are not guaranteed for parameters where no limit is given, however, the typical value is a good indication of
device performance.

(3) The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjuax, 034, and the ambient temperature,
Ta. The maximum allowable power dissipation is Ppyax = (Tyvwax — Ta)! 634 or the number given in Absolute Maximum Ratings,
whichever is lower. For the LM49270 see power derating currents for more information.

(4) Human body model, 100pF discharged through a 1.5kQ resistor.

(5) Machine Model, 220pF-240pF discharged through all pins.

Operating Ratings @

Temperature Range

Tmin = Ta = Tmax -40°C £ To < 85°C
Supply Voltage
2.4V < Vpp £ 5.5V
(Vbp, LSVpp, HPVpp) pD
I2C Voltage (I>CVpp) 2.4V £ I’CVpp < 5.5V
(1) All voltages are measured with respect to the ground pin, unless otherwise specified.
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Electrical Characteristics Vpp = 3.3V

[€))

The following specifications apply for Headphone: A, = 0dB, R p) = 32Q; for Loudspeakers: A, = 6dB, R sp) = 15uH + 8Q +

15puH , f = 1kHz, unless otherwise specified. Limits apply for T, = 25°C.

LM49270
- - — Units
Symbol Parameter Conditions Typical Limit S
(Limits)
)]
V|N = O, RL =No Load,
Both channels active
@@y Supply Current Speaker ON, HP OFF 55 7.6 mA (max)
Speaker OFF, CC HP ON 3 4.7 mA (max)
Speaker OFF, OCL HP ON 4 5.75 mA (max)
Isp Shutdown Supply Current 0.02 2 MA (max)
Headphone 10 25 mV (max)
Vos Output Offset Voltage Speaker 10 60 mV (max)
Speaker Mode, f = 1kHz
THD+N = 1%
R =4Q 700 mw
R. =8Q 450 400 mW (min)
THD+N = 10%
R =4Q 870 mw
R.=8Q 560 mw
CC Headphone Mode, f = 1kHz
THD+N = 1%
R =16Q 60 mw
Pout Output Power R =32Q 36 30 mW (min)
THD+N = 10%
R =16Q 74 mw
R =32Q 55 mw
OCL Headphone Mode, f = 1kHz
THD+N = 1%
R =16Q 60 mw
R =32Q 36 30 mW (min)
THD+N = 10%
R =16Q 73 mw
R =32Q 55 mw
Speaker Mode, f = 1kHz
POUT =100mWw, RL =8Q 0.02 %
CC Headphone Mode,
THD+N Total Harmonic Distortion + Noise f = 1kHz
Pout = 12mW, R, = 32Q 0.015 %
OCL Headphone Mode,
f = 1kHz
Pout = 12mW, R, = 32Q 0.02 %
Speaker Mode,
A-Wtg, Input Referred 47 W
. CC Headphone Mode,
en Noise A-Wtg, Input Referred 10 WV
OCL Headphone Mode, A-Wtg, 11 v
Input Referred H
n Efficiency gpe_alggr Mode 84 %
L=

(1) All voltages are measured with respect to the ground pin, unless otherwise specified.

(2) Typicals are measured at 25°C and represent the parametric norm.
(3) Limits are specified to AOQL (Average Outgoing Quality Level).
(4) Data sheet min and max specification limits are specified by design, test, or statistical analysis.
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Electrical Characteristics Vpp = 3.3V (continued)

()]

The following specifications apply for Headphone: A, = 0dB, R p) = 32Q; for Loudspeakers: A, = 6dB, R sp) = 15uH + 8Q +
15puH , f = 1kHz, unless otherwise specified. Limits apply for T, = 25°C.

LM49270
- - — Units
Symbol Parameter Conditions Typical Limit S
(Limits)
)]
Speaker Mode,
f = 1kHz, V|y = 1Vp-p 1 dB
CC Headphone Mode,
Xtalk Crosstalk f= 1kHz, Viy = 1Vp-p 70 dB
OCL Headphone Mode,
f = 1kHz, V|y = 1Vp-p 55 dB
Ton Turn-on Time 30 ms
Torr Turn-off Time 64 ms
Maximum Gain 235 kQ
ZN Input Impedance — -
Minimum Gain 210 kQ
Maximum Gain, Speaker Mode 30 dB
. Minimum Gain, Speaker Mode -47 dB
AV Gain - ;
Maximum Gain, Headphone Mode 18 dB
Minimum Gain, Headphone Mode -59 dB
Speaker Mode,
VRlPPLE = ZOOmVp-p Sine
f=217Hz 68 dB
f = 1kHz 68 dB
Headphone Mode,
VRIPPLE = 200mVp—p Sine, CcC
- ) Mode
PSRR Power Supply Rejection Ratio f=217Hz 73 dB
f = 1kHz 73 dB
Headphone Mode,
VRIPPLE = 200mVp—p Sine, OCL
Mode
f=217Hz 75 dB
f = 1kHz 79 dB
Detect Headphone 2.9 V (min)
HPS(Th) Headphone Sense Threshold
Detect no Headphone 1.8 V (max)
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Electrical Characteristics Vpp = 5.0V

[€))

The following specifications apply for Headphone” A, = 0dB, R, p) = 32Q,: for Loudspeakers: A, = 6dB, R sp) = 15uH + 8Q +
15uH, f = 1kHz unless otherwise specified. Limits apply for T, = 25°C.

LM49270
. - o Units
Symbol Parameter Conditions Typical Limit -
(Limits)
2
VlN = 0, RL =No Loa.d,
Both channels active
@@y Supply Current Speaker ON, HP OFF 8.5 12.4 mA (max)
Speaker OFF, CC HP ON 3.6 55 mA (max)
Speaker OFF, OCL HP ON 4.7 6.5 mA (max)
Isp Shutdown Supply Current 0.15 2 MA (max)
Headphone 10 25 mV (max)
Vos Output Offset Voltage Speaker 10 60 mV (max)
Speaker Mode, f = 1kHz,
THD+N = 1%
R =4Q 1.75 w
R =8Q 1.06 w
THD+N =10 %
RL =40 2.2 w
R, =8Q 1.35 w
CC Headphone Mode, f = 1kHz,
THD+N = 1%
R =16Q 155 mw
Pout Output Power R, =32Q 90 mw
THD+N = 10%
R =16Q 177 mw
R, =32Q 140 mw
OCL Headphone Mode, f = 1kHz,
THD+N = 1%
R =16Q 155 mw
R, =32Q 90 mw
THD+N = 10%
R =16Q 175 mw
R, =32Q 140 mw
Speaker Mode, f = 1kHz
POUT =100mwW, RL =8Q 0.03 %
CC Headphone Mode,
THD+N Total Harmonic Distortion + Noise f = 1kHz
Pout = 12mW, R, = 32Q 0.02 %
OCL Headphone Mode,
f = 1kHz
Pout = 12mW, R, = 32Q 0.03 %
Speaker Mode,
A-Wtg, Input Referred 47 W
. CC Headphone Mode,
en Noise A-Wtg, Input Referred 10 W
OCL Headphone Mode,
A-Wtg, Input Referred 1 W
- Speaker Mode o
n Efficiency R, = 8Q 84 %
(1) All voltages are measured with respect to the ground pin, unless otherwise specified.
(2) Typicals are measured at 25°C and represent the parametric norm.
(3) Limits are specified to AOQL (Average Outgoing Quality Level).
(4) Data sheet min and max specification limits are specified by design, test, or statistical analysis.
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Electrical Characteristics Vpp = 5.0V (continued)

()]

The following specifications apply for Headphone” A, = 0dB, R, p) = 32Q,: for Loudspeakers: A, = 6dB, R sp) = 15uH + 8Q +
15uH, f = 1kHz unless otherwise specified. Limits apply for T, = 25°C.

LM49270
- - - Units
Symbol Parameter Conditions Typical Limit -
(Limits)
2
Speaker Mode,
f= 1kHzZ, Vi = 1Vp-p -85 dB
CC Headphone Mode,
Xtalk Crosstalk f= 1kHz, Vi = 1Vp-p -70 dB
OCL Headphone Mode,
f= 1kHz, Viy = 1Vp-p 58 dB
Ton Turn-on Time 43 ms
Torr Turn-off Time 100 ms
ZN Maximum Gain 235 kQ
Input Impedance — -
Minimum Gain 210 kQ
Maximum Gain, Speaker Mode 30 dB
. Minimum Gain, Speaker Mode -47 dB
Ay Gain - -
Maximum Gain, Headphone Mode 18 dB
Minimum Gain, Headphone Mode -59 dB
Speaker Mode,
VRlF’PLE = 200mVp-p Sine
f=217Hz 61 dB
f=1kHz 61 dB
Headphone Mode,
VRIPPLE = 200mVp—p Sine, CC
_— . Mode
PSRR Power Supply Rejection Ratio f= 217Hz 75 dB
f = 1kHz 74 min
Headphone Mode,
VRIPPLE = 200mVp—p Sine, OCL
Mode
f=217Hz 78 dB
f=1kHz 75 dB
Detect Headphone 4.4 V (min)
HPS(Th) Headphone Sense Threshold
Detect no Headphone 3 V (max)
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Typical Performance Characteristic
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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APPLICATION INFORMATION

[2C COMPATIBLE INTERFACE

The LM49270 is controlled through an 1°C compatible serial interface that consists of a serial data line (SDA) and
a serial clock (SCL). The clock line is uni-directional. The data line is bi-directional (open-collector), although the
LM49270 does not write to the I1°C bus. The LM49270 and the master can communicate at clock rates up to
400kHz. Figure 3 shows the I2C interface timing diagram. The LM49270 is a transmit/receive slave-only device,
reliant upon the master to generate a clock signal.

The master device communicates to the LM49270 by transmitting the proper device address followed by a
command word. Each transmission sequence is framed by a START condition and a STOP condition. Each word
(register address + register content) transmitted over the bus is 8 bits long and is always followed by an
acknowledge pulse.

To avoid an address conflict with another device on the I2C bus, the LM49270 address is determined by the ADR
pin, the state of ADR determines address hit A1 (Table 2). When ADR = 0, the address is 1111 1000. When
ADR = 1 the device address is 1111 1010.

Table 2. Device Address

ADR A7 A6 A5 A4 A3 A2 Al AO
1 1 1 1 1 0 X 0

1 1 1 0 0
1 1 1 1 1 1 0 1 0

Table 3. IC Control Registers

REG Register D7 D6 D5 D4 D3 D2 D1 DO
Name
0 Shutdown 0 0 — — HP3DSEL LS3DSEL OcCL/cC PWR_ON
Control
1 Headphone |0 1 — HP4 HP3 HP2 HP1 HPO
Gain

Control
2 Speaker 1 0 — LS4 LS3 LS2 LS1 LSO
Gain

Control

Note: OCL/CC = 1 selects OCL mode; OCL/CC = 0 selects cap coupled mode
PWR_ON = 0 puts part in shutdown

BUS FORMAT

The 1°C bus format is shown in Figure 2. The “start” signal is generated by lowering the data signal while the
clock is high. The start signal alerts all devices on the bus that a device address is being written to the bus.

The 8-bit device address is written to the bus next, most significant bit first. The data is latched in on the rising
edge of the clock. Each address bit must be stable while the clock is high.

After the last address bit is sent, the master device releases the data line, during which time, an acknowledge
clock pulse is generated. If the LM49270 receives the address correctly, then the LM49270 pulls the data line
low, generating an acknowledge bit (ACK).

Once the master device has registered the ACK bit, the 8-bit register address/data word is sent. Each data bit
should be stable while the clock level is high. After the 8—bit word is sent, the LM49270 sends another ACK bit.
Following the acknowledgement of the data word, the master device issues a “stop” bit, allowing SDA to go high
while the clock signal is high.
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GENERAL AMPLIFIER FUNCTION

Class D Amplifier

The LM49270 features a high-efficiency, filterless, Class D stereo amplifier. The LM49270 Class D amplifiers
feature a filterless modulation scheme known as Class BD. The differential outputs of each channel switch at
300kHz from Vpp to GND. When there is no input signal applied, the two outputs (LLS+ and LLS-) switch in
phase with a 50% duty cycle. Because the outputs of the LM49270 are differential, there is in no net voltage
across the speaker, thus no load current during the idle state conserving power.

When an input signal is applied, the duty cycle (pulse width) of each output changes. For increasing output
voltages, the duty cycle of LLS+ increases, while the duty cycle of LLS- decreases. For decreasing output
voltages, the converse occurs. The duty cycle of LLS- increases while the duty cycle of LLS+ decreases. The
difference between the two pulse widths yields the differential output voltage.

Headphone Amplifier

The LM49270 headphone amplifier features two different operating modes, output capacitor-less (OCL) and
capacitor coupled (CC). The OCL architecture eliminates the bulky, expensive output coupling capacitors
required by traditional headphone amplifiers. The LM49270 headphone section uses three amplifiers. Two
amplifiers drive the headphones while the third (VOC) is set to the internally generated bias voltage (typically
Vpp/2). The third amplifier is connected to the return terminal (sleeve) of the headphone jack. In this
configuration, the signal side of the headphones are biased to Vpp/2, the return is biased to Vpp/2, thus there is
no net DC voltage across the headphone eliminating the need for an output coupling capacitor. Removing the
output coupling capacitors from the headphone signal path reduces component count, reducing system cost and
board space consumption, as well as improving low frequency performance and sound quality. The voltage on
the return sleeve is not an issue when driving headphones. However, if the headphone output is used as a line
out, the Vpp/2 can conflict with the GND potential that a line-in would expect on the return sleeve. When the
return of the headphone jack is connected to GND, the LM49270 detects an output short circuit condition and the
VOC amplifier is disabled preventing damage to the LM49270 and allowing the headphone return to be biased at
GND.

Capacitor Coupled Headphone Mode

In capacitor coupled (CC) mode, the VOC pin is disabled, and the headphone outputs are coupled to the jack
through series capacitors, allowing the headphone return to be connected to GND (Figure 4). In CC mode, the
LM49270 requires output coupling capacitors to block the DC component of the amplifier output, preventing DC
current from flowing to the load. The output capacitor and speaker impedance form a high pass filter with a -3dB
roll-off determined by:
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fage = 1/21R Cour 1)

Where R, is the headphone impedance, and Cqyt is the output coupling capacitor. Choose Cqt such that 5345 is
well below the lowest frequency of interest. Setting fzqg too high results in poor low frequency performance.
Select capacitor dielectric types with low ESR to minimize signal loss due to capacitor series resistance and
maximize power transfer to the load.

HPL |
|

HPR +

vocC

VVV

Headphone Sense

The LM49270 features a headphone sense input (HPS) that monitors the headphone jack and configures the
device depending on the presence of a headphone. When the HPS pin is low, indicating that a headphone is not
present, the LM49270 speaker amplifiers are active and the headphone amplifiers are disabled. When the HPS
pin is high, indicating that a headphone is present, the headphone amplifiers are active while the speaker
amplifiers are disabled.

POWER DISSIPATION AND EFFICIENCY

The major benefit of Class D amplifier is increased efficiency versus Class AB. The efficiency of the LM49270
speaker amplifiers is attributed to the output transistors’ region of operation. The Class D output stage acts as
current steering switches, consuming negligible amounts of power compared to their Class AB counterparts.
Most of the power loss associated with the output stage is due to the IR loss of the MOSFET on-resistance
(Ros(ony) » along with the switching losses due to gate charge.

The maximum power dissipation per headphone channel in Capacitor Coupled mode is given by:
Pomaxccc) = Vpp /2R, 2

In OCL mode, the maximum power dissipation increases due to the use of a third amplifier as a buffer. The
power dissipation is given by:

Powmaxoct) = Vpp?T?R, ©))
SHUTDOWN FUNCTION

The LM49270 features a shutdown mode configured through the I°C interface. Bit DO (PWR_ON) in the
Shutdown Control register shuts down/turns on the entire device. Set PWR_ON = 1 to enable the LM49270, set
PWR_ON = 0 to disable the device.

AUDIO AMPLIFIER GAIN SETTING

Each channel of the LM49270 features a 32 step volume control. The loudspeaker volume has a range of -47dB
to 30dB and the headphone has a range of -59dB to 18dB (see Table 4).

Table 4. Volume Control

Volume Step LS4/HP4 LS3/HP3 LS2/HP2 LS1/HP1 LSO/HPO LS HP
Gain (dB) Gain (dB)
0 0 47 -59
0 1 -36 -48
1 0 -28.5 -46.5
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Table 4. Volume Control (continued)

Volume Step LS4/HP4 LS3/HP3 LS2/HP2 LS1/HP1 LSO/HPO LS HP
Gain (dB) Gain (dB)

4 0 0 0 1 1 225 345
5 0 0 1 0 0 -18 -30
6 0 0 1 0 1 _15 —27
7 0 0 1 1 0 _12 24
8 0 0 1 1 1 -9 21
9 0 1 0 0 0 -6 -18
10 0 1 0 0 1 -3 -15
11 0 1 0 1 0 -15 -135
12 0 1 0 1 1 0 ~12
13 0 1 1 0 0 15 ~10.5
14 0 1 1 0 1 3 -9
15 0 1 1 1 0 45 75
16 0 1 1 1 1 6 -6
17 1 0 0 0 0 7.5 -45
18 1 0 0 0 1 9 -3
19 1 0 0 1 0 10.5 -15
20 1 0 0 1 1 12 0
21 1 0 1 0 0 13.5 15
22 1 0 1 0 1 15 3
23 1 0 1 1 0 16.5 45
24 1 0 1 1 1 18 6
25 1 1 0 0 0 19.5 7.5
26 1 1 0 0 1 21 9
27 1 1 0 1 0 225 10.5
28 1 1 0 1 1 24 12
29 1 1 1 0 0 25.5 13.5
30 1 1 1 0 1 27 15
31 1 1 1 1 0 28.5 16.5
32 1 1 1 1 1 30 18

3D ENHANCEMENT

The LM49720 features National's 3D sound enhancement. 3D sound improves the apparent stereo channel
separation whenever the left and right speakers are located close to each other, widening the perceived sound
stage in devices with a small form factor that prohibits proper speaker placement.

An external RC network , shown in Figure 1, enables the 3D effect. R3D sets the level of the 3D effect;
decreasing the value of R3D will increase the 3D effect. The 3D network acts like a high pass filter C3D sets the
frequency response; increasing the value of C3D will decrease the low cutoff frequency at which the 3D effect
starts to occur, as shown by this equation:

f3D(-3dB) = 1/2“(R3D)(C3D) (4)

Enabling the 3D effect increases the gain by a multiplication factor of (1 + 20kQ/R3D). Setting R3D to 20kQ
results in a 6dB increase (doubling) of the gain, increasing the 3D effect. The level of 3D effect is also dependent
on other factors such as speaker placement and the distance from the speakers to the listener. The values of
R3D and C3D should be chosen for each application individually, taking into account the physical factors noted
before.
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POWER SUPPLIES

The LM49270 uses different supplies for each portion of the device, allowing for the optimum combination of
headroom, power dissipation and noise immunity. The speaker amplifier gain stage is powered from Vpp, while
the output stage is powered from LSVpp. The headphone ampilifiers, input amplifiers and volume control stages
are powered from HPVpp. The separate power supplies allow the speakers to operate from a higher voltage for
maximum headroom, while the headphones operate from a lower voltage, improving power dissipation. HPVpp
may be driven by a linear regulator to further improve performance in noisy environments. The I°C portion if
powered from 1°CVpp, allowing the I°C portion of the LM49270 to interface with lower voltage digital controllers.

PROPER SELECTION OF EXTERNAL COMPONENTS

Audio Amplifier Power Supply Bypassing/Filtering

Proper power supply bypassing is critical for low noise performance and high PSRR. Place the supply bypass
capacitor as close to the device as possible. Typical applications employ a voltage regulator with 10uF and 0.1uF
bypass capacitors that increase supply stability. These capacitors do not eliminate the need for bypassing of the
LM49270 supply pins. A 1pF capacitor is recommended.

Bypass Capacitor Selection

The LM49270 generates a Vpp/2 common-mode bias voltage internally. The BYPASS capacitor, Cg, improves
PSRR and THD+N by reducing noise at the BYPASS node. Use a 1uF capacitor, placed as close to the device
as possible for Cg.

Audio Amplifier Input Capacitor Selection

Input capacitors, Cy, in conjunction with the input impedance of the LM49270 forms a high pass filter that
removes the DC bias from an incoming signal. The AC-coupling capacitor allows the amplifier to bias the signal
to an optimal DC level. Assuming zero source impedance, the -3dB point of the high pass filter is given by:

f(—3dB) = 1/21TR|NC|N (5)

Choose C,\ such that f4g is well below that lowest frequency of interest. Setting f.34g too high affects the low-
frequency responses of the amplifier. Use capacitors with low voltage coefficient dielectrics, such as tantalum or
aluminum electrolytic. Capacitors with high-voltage coefficients, such as ceramics, may result in increased
distortion at low frequencies. Other factors to consider when designing the input filter include the constraints of
the overall system. Although high fidelity audio requires a flat frequency response between 20Hz and 20kHz,
portable devices such as cell phones may only concentrate on the frequency range of the frequency range of the
spoken human voice (typically 300Hz to 4kHz). In addition, the physical size of the speakers used in such
portable devices limits the low frequency response; in this case, frequencies below 150Hz may be filtered out.
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PACKAGE OPTION ADDENDUM

24-Jan-2013

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @

LM49270SQ/NOPB ACTIVE WQFN RSG 28 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40t0 85  49270SQ m
& no Sh/Br)

LM49270SQE/NOPB ACTIVE WQFN RSG 28 250 Green (RoHS CU SN Level-1-260C-UNLIM -40t0 85  49270SQ m
& no Sh/Br)

LM49270SQX/NOPB ACTIVE WQFN RSG 28 4500 Green (RoHS CU SN Level-1-260C-UNLIM -40t0 85  49270SQ m
& no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM49270SQ/NOPB WQFN RSG 28 1000 178.0 12.4 5.3 5.3 1.3 8.0 12.0 Q1
LM49270SQE/NOPB WQFN RSG 28 250 178.0 12.4 5.3 5.3 1.3 8.0 12.0 Q1
LM49270SQX/NOPB WQFN RSG 28 4500 330.0 12.4 5.3 53 1.3 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM49270SQ/NOPB WQFN RSG 28 1000 203.0 190.0 41.0
LM49270SQE/NOPB WQFN RSG 28 250 203.0 190.0 41.0
LM49270SQX/NOPB WQFN RSG 28 4500 349.0 337.0 45.0
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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.

Tl 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.

Tl 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 Tl 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 Tl 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, Tl 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 TI components are authorized for use in FDA Class Il (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.

Tl 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 © 2013, Texas Instruments Incorporated
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