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LM48511 3-W, Ultra-Low EMI, Filterless, Mono, Class D Audio Power Amplifier With
Spread Spectrum

1 Features

e 3-W Output into 8 Q at 5 V With THD+N = 1%
» Selectable spread spectrum mode reduces EMI
* 80% Efficiency

» Independent regulator and amplifier shutdown
controls

« Dynamically Selectable Regulator Output Voltages
» Filterless Class D
* 3-V to 5.5-V Operation
* Low shutdown current
* Click and pop suppression
» Key specifications
— Quiescent power supply current
Vpp =3V 9 mA (Typical)
— Vpp =5V 13.5 mA (Typical)
- PoatVpp=5V,PV1=78V,R =8Q,
THD+N = 1% 3 W (Typical)
- PoatVpp=3V,PV1=48V,R =8Q,
THD+N = 1% 1 W (Typical)
- PoatVpp=5V,PV1=78V,R =4Q,
THD+N = 1% 5.4 W (Typical)
— Shutdown Current at Vpp =3V, 0.01 pA
(Typical)

2 Applications

e GPS
* Portable media
e Cameras

* Mobile phones
» Handheld games

3 Description

The LM48511 device integrates a boost converter
with a high-efficiency Class D audio power amplifier
to provide 3-W continuous power into an 8-Q speaker
when operating from a 5-V power supply.

When operating from a 3-V to 4-V power supply, the
LM48511 can be configured to drive 1 to 2.5 W into
an 8-Q load with less than 1% distortion (THD+N).
The Class D amplifier features a low-noise PWM
architecture that eliminates the output filter, reducing
external component count, board area consumption,
system cost, and simplifying design. A selectable
spread spectrum modulation scheme suppresses RF
emissions, further reducing the need for output filters.

The switching regulator of the LM48511 is a current-
mode boost converter operating at a fixed frequency
of 1 MHz. Two selectable feedback networks allow
the LM48511 regulator to dynamically switch between
two different output voltages, improving efficiency by
optimizing the amplifier's supply voltage based on
battery voltage and output power requirements.

The LM48511 is designed for use in portable devices,
such as GPS, mobile phones, and MP3 players. The
high, 80% efficiency at 5 V, extends battery life when
compared to Boosted Class AB amplifiers.
Independent regulator and amplifier shutdown
controls optimize power savings by disabling the
regulator when high-output power is not required.

The gain of the LM48511 is set by external resistors,
which allows independent gain control from multiple
sources by summing the signals. Output short circuit
and thermal overload protection prevent the device
from damage during fault conditions. Superior click
and pop suppression eliminates audible transients
during power-up and shutdown.

Device Information®
PACKAGE BODY SIZE (NOM)
WQFN (24) 5.00 mm x 4.00 mm

PART NUMBER
LM48511

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions

NHZ Package
24-Pin WQFN
Top View
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Pin Functions
PIN
110 DESCRIPTION
NAME NO.
DAP - — To be soldered to board for enhanced thermal dissipation. Connect to GND plane.
EB 19 - Regulator feedback input
Connect FB to an external resistive voltage divider to set the boost output voltage.
FB_GNDO 21 — Ground return for Rs, Ry resistor divider
FB_GND1 20 — Ground return for Rs, R, resistor divider
Regulator feedback select
FB_SEL 1 | Connect to VDD to select feedback network connected to FB_GND1. Connect to GND to select feedback network
connected to FB_GNDO.
GND 7 — Signal ground
IN- 15 | Amplifier inverting input
IN+ 16 [ Amplifier noninverting input
LS+ 8 (0] Amplifier noninverting output
LS- 12 (0] Amplifier inverting output
LSGND 9,11 — Amplifier H-Bridge ground
PV1 10 o Amplifier H-Bridge power supply
Connect to V1.
REGGND 22,23 — Power ground (booster)
3D AMP 5 | Amplifier active-low shutdown
= Connect to Vpp for normal operation. Connect to GND to disable ampilifier.
== Regulator active-low shutdown.
SD_BOOST 24 ! Connect to Vpp for normal operation. Connect to GND to disable regulator.
SOFT-START 4 — Soft-start capacitor
SS/FE 6 | Modulation mode select.
Connect to Vpp for spread spectrum mode (SS). Connect to GND for fixed frequency mode (FF).
SW 2,3 — Drain of the internal FET switch
V1 13 _ Amplifier supply voltage
Connect to PV1
VDD 18 — Power supply
VGO+ 14 (0] Amplifier noninverting gain output
VGO- 17 (0] Amplifier inverting gain output
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®,

MIN MAX UNIT
Supply voltage (Vpp, PV1, V,) 9 \%
Input voltage -0.3 Vpp + 0.3 \%
Power dissipation® Internally limited
Junction temperature 150 °C
Storage temperature -65 150 °C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur, including inoperability and degradation of
device reliability and/or performance. Functional operation of the device and/or non-degradation at the Absolute Maximum Ratings or
other conditions beyond those indicated in the Recommended Operating Conditions is not implied. TheRecommended Operating
Conditions indicate conditions at which the device is functional and the device must not be operated beyond such conditions. All
voltages are measured with respect to the ground pin, unless otherwise specified.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.

(3) The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjyax, 0334, and the ambient temperature,
Ta. The maximum allowable power dissipation is Ppyax = (Tyvwax - Ta) / 034 Or the number given in Absolute Maximum Ratings,
whichever is lower. For the LM48511, see Figure 20 for additional information.

6.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +2000
V(Esp) Electrostatic discharge Machine model @ 4200 \%
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) Machine model, applicable std. JESD22-A115-A.
6.3 Recommended Operating Conditions
MIN MAX UNIT
Temperature range Tyn < Ta < Tyax -40 85 °C
Supply voltage (Vpp) 3 5.5 \
Amplifier voltage (PV1, V1) 4.8 8 \
6.4 Thermal Information
LM48511
THERMAL METRIC® NHZ (WQFN) UNIT
24 PINS
Roia Junction-to-ambient thermal resistance 32.8 °C/W
Roactop) Junction-to-case (top) thermal resistance 3.8 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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6.5 Electrical Characteristics Vpp =5V
The following specifications apply for Vpp =5V, PV; = 7.8 V (continuos mode), Ay = 2 VIV, R; = 25.5 kQ, R, g = 4.87 kQ,

R_=8Q, f=1 kHz, SS/FF = GND, unless otherwise specified. Limits apply for T, = 25°C.®

Voltage ®

PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
Quiescent Power Supply _ _ Fixed Frequency Mode (FF) 13.5 mA
Iop Current Vin =0, Rioap = =
Spread Spectrum Mode (SS) 145 22 mA
Isp Shutdown Current® Vsb_BoosT = Vsp_awp = SS = FB_SEL = GND 0.11 1] pA
Vi Logic Voltage Input High 1.4 \%
Vi Logic Voltage Input Low 0.4 \%
Twu Wake-up Time Css = 0.1 pF 49 ms
Vos Output Offset Voltage | See ¥ 0.04 3| mv
RL=8Q FF 3
f=1kHz, BW = 22 kHz W
THD+N = 1% SS 2.6 3
R.=8Q FF 3.8
f=1kHz, BW =22 kHz W
THD+N = 10% SS 3.8
Po Output Power
RL=4Q FF 5.4
f=1kHz, BW =22 kHz W
THD+N = 1% SS 5.4
RL=4Q FF 6.7
f=1kHz, BW = 22 kHz W
THD+N = 10% SS 6.7
Po=2W, f=1kHz, FF 0.03%
THD+N Total Harmonic Ru=8Q SS 0.03%
Distortion + Noise Po=3W,f=1kHz, FF 0.04%
RL=40Q Ss 0.05%
f =20 Hz to 20 kHz FF 32
Inputs to AC GND, No UVRMs
) weighting SS 32
£0s Output Noise
f =20 Hz to 20 kHz FF 22
Inputs to AC GND, A UVRMs
weighted SS 22
VRrippLE = 200 mMVp.p FF 88
Sine, SS dB
fR|pp|_E ==217Hz 87
Power Supply Rejection | VgippLe = 200 mVp_p FF 88
PSRR Ratio Sine, SS dB
(Input Referred) frippLE = = 1 kHz 85
VRippLE = 200 mMVp.p FF 77
Sine, SS dB
fR|pp|_E = =10 kHz 76
Common-Mode VrippLe = 1 Vp.p, fR|pp|_E =217 Hz
CMRR Rejection Ratio 73 dB
(Input Referred)
n Efficiency f=1kHz, RL=8Q,Po=1W 80%
Veg Feedback Pin Reference 1.23 vV

(1) R_is aresistive load in series with two inductors to simulate an actual speaker load for R_ = 8Q, the load is 15pH+8Q+15uH. For
R =4 Q, the load is 15 uH + 4 Q + 15 pH.

(2) Typical values represent most likely parametric norms at Ta = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not specified.

(3) Shutdown current is measured with components R1 and R2 removed.

(4) Offset voltage is determined by: (Ipp (with load) — DD (no load)) X RL-

(5) Feedback pin reference voltage is measured with the Audio Amplifier disconnected from the Boost converter (the Boost converter is
unloaded).
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6.6 Electrical Characteristics Vpp = 3.6 V
The following specifications apply for Vpp = 3.6 V, PV1 = 7 V (continuous mode), A, = 2 VIV, R; = 25.5 kQ, R, s = 5.36 kQ,

R_=8Q, f = 1 kHz, SS/FF = GND, unless otherwise specified. Limits apply for T, = 25°C.®

PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
_ Fixed Frequency Mode 16 mA
Iop Quiescent Power Supply Vi = 0, Ryoap = (FF)
Current - -
Spread Spectrum Mode 175 26.6 mA
(SS)
Isp Shutdown Current® Vsb_BoosT = Vsp_awp = SS = FB_SEL = GND 0.03 1] pA
Vi Logic Voltage Input High 1.4 0.96 \%
Vi Logic Voltage Input Low 0.4 0.84
Twu Wake-up Time Css = 0.1 pF 50 ms
Vos Output Offset Voltage See ¥ 0.04 mv
R.L=80Q,f=1kHz, FF 25
BW = 22 kHz W
THD+N = 1% SS 25
R.=80Q,f=1kHz, FF 3
BW = 22 kHz W
THD+N = 10% SS 3
Po Output Power
R, .=4Q,f=1kHz, FF 4.3
BW = 22 kHz W
THD+N = 1% SS 42
R, .=4Q,f=1kHz, FF 54
BW = 22 kHz W
THD+N = 10% SS 5.3
Po=15W,f=1kHz, |FF 0.03%
S Total Harmonic R.=80Q SS 0.03%
Distortion + Noise Po=3W, f=1kHz, FF 0.04%
RL=40Q SS 0.05%
f=20 Hz to 20 kHz FF 35
Inputs to AC GND, No UVRrms
) weighting SS 36
£0s Output Noise
f=20 Hz to 20 kHz FF 25
Inputs to AC GND, A UVRrms
weighted SS 26
VRrippLE = 200 mMVp_p FF 85
Sine, SS dB
fR|pp|_E -=217Hz 86
Power Supply Rejection | VgippLe = 200 mVp_p FF 87
PSRR Ratio Sine, SS dB
(Input Referred) frippLE = = 1 kHz 86
VRrippLE = 200 mMVp_p FF 78
Sine, SS dB
fR|pp|_E -=10 kHz "
Common-Mode VrippLe = 1 Vp.p, fR|pp|_E =217 Hz
CMRR Rejection Ratio 73 dB
(Input Referred)
n Efficiency f=1kHz, RL=8Q,Po=1W 7%
Feedback Pin Reference
Vrs Voltage ® 123 v

(1) R_is aresistive load in series with two inductors to simulate an actual speaker load for R_ = 8Q, the load is 15pH+8Q+15uH. For
R =4 Q, the load is 15 uH + 4 Q + 15 pH.

(2) Typical values represent most likely parametric norms at T = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not specified.

(3) Shutdown current is measured with components R1 and R2 removed.

(4) Offset voltage is determined by: (Ipp (with load) — DD (no load)) X RL-

(5) Feedback pin reference voltage is measured with the Audio Amplifier disconnected from the Boost converter (the Boost converter is
unloaded).
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6.7 Electrical Characteristics Vpp =3V

The following specifications apply for Vpp = 3 V, PV1 = 4.8 V (continuos mode), A, = 2V/V, R; = 25.5 kQ, R s = 9.31 kQ,
R, =8Q, f= 1 kHz, SS/FF = GND, unless otherwise specified. Limits apply for T, = 25°C.®

PARAMETER TEST CONDITIONS MIN  TYP® MAX | UNIT
Quiescent Power Supply _ _ Fixed Frequency Mode (FF) 9 mA
Iop Current Vin =0, Rioap = =
Spread Spectrum Mode (SS) 9.5 mA
Isp Shutdown Current® Vsb_BoosT = Vsp_awp = SS = FB_SEL = GND 0.01 1] pA
Vi Logic Voltage Input High 0.91 \%
Vi Logic Voltage Input Low 0.79
Twu Wake-up Time Css = 0.1pF 49 ms
Vos Output Offset Voltage 0.04 mv
R.L=80Q,f=1kHz, FF 1
BW = 22 kHz W
THD+N = 1% SS 0.84 1
R.=80Q,f=1kHz, FF 1.3
BW = 22 kHz W
THD+N = 10% SS 13
Po Output Power
RL=40Q,f=1kHz FF 18
BW = 22 kHz W
THD+N = 1% SS 18
RL=4Q,f=1kHz FF 2.2
BW = 22 kHz W
THD+N = 10% SS 2.2
Po =500 mW, f =1 kHz, | FF 0.02%
S Total Harmonic R.=80Q SS 0.03%
Distortion + Noise Po = 500 mW, f = 1 kHz, | FF 0.04%
RL=40Q SS 0.06%
f = 20Hz to 20kHz FF 35
Inputs to AC GND, No UVRrms
) weighting SS 35
£0s Output Noise
f=20 Hz to 20 kHz FF 25
Inputs to AC GND, A UVRrms
weighted SS 25
VRrippLE = 200 mVp_p FF 89
Sine, SS dB
fR|pp|_E -=217Hz 89
Power Supply Rejection | VgippLe = 200 mVp_p FF 88
PSRR Ratio Sine, SS dB
(Input Referred) frippLE = = 1 kHz 88
VRrippLE = 200 mMVp_p FF 78
Sine, SS dB
fR|pp|_E -=10 kHz 78
Common-Mode
CMRR Rejection Ratio VRIPPLE =1 Vp_p, fRIPPLE =217 Hz 71 dB
(Input Referred)
n Efficiency f=1kHz, RL=8Q,Po=1W 75%
Feedback Pin Reference
Ves Voltage ®) 1.23 v

(1) R_is aresistive load in series with two inductors to simulate an actual speaker load for R_ = 8Q, the load is 15pH+8Q+15uH. For
R =4 Q, the load is 15 uH + 4 Q + 15 pH.

(2) Typical values represent most likely parametric norms at Ta = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not specified.

(3) Shutdown current is measured with components R1 and R2 removed.

(4) Offset voltage is determined by: (Ipp (with load) — DD (no load)) X RL-

(5) Feedback pin reference voltage is measured with the Audio Amplifier disconnected from the Boost converter (the Boost converter is
unloaded).
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6.8 Typical Characteristics
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Typical Characteristics (continued)
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Figure 7. THD+N vs Output Power Figure 8. THD+N vs Output Power
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f = 1kHz, Filter = 22 kHz, R, = 4.87 kQ, FF Filter = 22 kHz, PV, =78V, PV, =7V, PV, =48V, FF
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Figure 9. Boost Amplifier vs Output Power Figure 10. Boost Amplifier vs Output Power
VDD=5V,R|_=BQ VDD=3.6V,RL=8Q
f=1kHz, PV, =78V f=1kHz, PV, =7V
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Figure 11. Boost Amplifier vs Output Power Figure 12. PSRR vs Frequency
VDD=3V,R|_=89 VDD:5V,R|_:89
f=1kHz, PV; =48V VRrippLE = 200 MVpp, PV, = 7.8V
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Typical Characteristics (continued)
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Figure 16. Supply Current vs Supply Voltage
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Figure 17. Supply Current vs Supply Voltage
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Figure 18. Power Dissipation vs Output Power
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Typical Characteristics (continued)
1.8 0.5
1.6
g 1.4 // g 0.4
P4 / P4
o 12 / o /
= E 0
=< 10 & ? /
o 4 o
0 / n
2 08 @ /
2 / 2 0.2 L/
§ 0.4 // § 0.1 /
: 7
02— vd
L1
0 0
0 05 10 15 20 25 30 35 0 02 04 06 08 10 12 14 16
OUTPUT POWER (W) OUTPUT POWER (W)
Figure 19. Power Dissipation vs Output Power Figure 20. Power Dissipation vs Output Power
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Figure 21. Boost Converter Efficiency vs I oappc) Figure 22. Boost Converter Efficiency vs I oappc)
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Figure 23. Boost Converter Efficiency vs I oappc)
Vpp=3V,PV; =48V
12 Submit Documentation Feedback Copyright © 2007-2019, Texas Instruments Incorporated

Product Folder Links: LM48511


http://www.ti.com/product/lm48511?qgpn=lm48511
http://www.ti.com
http://www.ti.com/product/lm48511?qgpn=lm48511
http://www.ti.com/feedbackform/techdocfeedback?litnum=SNAS416K&partnum=LM48511

13 TEXAS
INSTRUMENTS
LM48511

www.ti.com SNAS416K —JULY 2007 —-REVISED NOVEMBER 2019

7 Detailed Description

7.1 Overview

The LM48511 integrates a boost converter with a high-efficiency Class D audio power amplifier, which features a
low-noise PWM architecture that eliminates the output filter, reducing external component count, board area
consumption, system cost, and simplifying design. A selectable spread spectrum modulation scheme suppresses
RF emissions, further reducing the need for output filters. Two selectable feedback networks allow the LM48511
regulator to dynamically switch between two different output voltages, improving efficiency by optimizing the
amplifier's supply voltage based on battery voltage and output power requirements. The gain of the LM48511 is
set by external resistors, which allows independent gain control from multiple sources by summing the signals.
Output short circuit and thermal overload protection prevent the device from damage during fault conditions.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 General Amplifier Function

The LM48511 features a Class D audio power amplifier that uses a filterless modulation scheme, reducing
external component count, conserving board space and reducing system cost. The outputs of the device
transition from PV1 to GND with a 300-kHz switching frequency. With no signal applied, the outputs (V. s, and
V| s.) switch with a 50% duty cycle, in phase, causing the two outputs to cancel. This cancellation results in no
net voltage across the speaker, thus there is no current to the load in the idle state.

With the input signal applied, the duty cycle (pulse width) of the LM48511 outputs changes. For increasing output
voltage, the duty cycle of V g, increases, while the duty cycle of V g.decreases. For decreasing output voltages,
the converse occurs. The difference between the two pulse widths yields the differential output voltage.

7.3.2 Differential Amplifier Explanation

The LM48511 includes fully differential amplifier that features differential input and output stages. A differential
amplifier amplifies the difference between the two input signals. Traditional audio power amplifiers have typically
offered only single-ended inputs resulting in a 6dB reduction in signal to noise ratio relative to differential inputs.
The LM48511 also offers the possibility of DC input coupling which eliminates the two external AC coupling, DC
blocking capacitors. The LM48511 can be used, however, as a single-ended input amplifier while still retaining
the fully differential benefits of the device. In fact, completely unrelated signals may be placed on the input pins.
The LM48511 simply amplifies the difference between the signals. A major benefit of a differential amplifier is the
improved common-mode rejection ratio (CMRR) over single input amplifiers. The common-mode rejection
characteristic of the differential amplifier reduces sensitivity to ground offset related noise injection, especially
important in high noise applications.

7.3.3 Audio Amplifier Power Dissipation and Efficiency

The major benefit of a Class D amplifier is increased efficiency versus a Class AB. The efficiency of the
LM48511 is attributed to the region of operation of the transistors in the output stage. 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, along with switching losses due to gate charge.

7.3.4 Regulator Power Dissipation

At higher duty cycles, the increased ON-time of the switch FET means the maximum output current will be
determined by power dissipation within the LM48511 FET switch. The switch power dissipation from ON-time
conduction is calculated by:

Ppswitcny = DC x (IINDUCTOR(AVE))Z X Rpsiony (W)
where
» DC is the duty cycle. 1)

7.3.5 Shutdown Function

The LM48511 features independent amplifier and regulator shutdown controls, allowing each portion of the
device to be disabled or enabled independently. SD_AMP controls the Class D amplifiers, while SD_BOOST
controls the regulator. Driving either inputs low disables the corresponding portion of the device, and reducing
supply current.

When the regulator is disabled, both FB_GND switches open, further reducing shutdown current by eliminating
the current path to GND through the regulator feedback network. Without the GND switches, the feedback
resistors as shown in the Functional Block Diagram would consume an additional 165 pA from a 5-V supply. With
the regulator disabled, there is still a current path from Vpp, through the inductor and diode, to the amplifier
power supply. This allows the amplifier to operate even when the regulator is disabled. The voltage at PV1 and
V1 will be:

(Vop = [Vp + (I. X DCR)]
Where

e Vpis the forward voltage of the Schottky diode
e Vpis the forward voltage of the Schottky diode
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Feature Description (continued)
e | is the current through the inductor
* DCRis the DC resistance of the inductor (2)

Additionally, when the regulator is disabled, an external voltage from 5 V to 8 V can be applied directly to PV1
and V1 to power the amplifier.

It is best to switch between ground and Vpp for minimum current consumption while in shutdown. The LM48511
may be disabled with shutdown voltages in between GND and Vpp, the idle current will be greater than the
typical 0.1-pA value. Increased THD+N may also be observed when a voltage of less than Vpp is applied to
SD_AMP .

7.3.6 Regulator Feedback Select

The LM45811 regulator features two feedback paths as shown in the Functional Block Diagram, which allow the
regulator to easily switch between two different output voltages. The voltage divider consists of the high side
resistor, R3, and the low side resistors (R, s), R1 and R2. R3 is connected to the output of the boost regulator,
the mid-point of each divider is connected to FB, and the low side resistors are connected to either FB_GND1 or
FB_GNDO. FB_SEL determines which FB_GND switch is closed, which in turn determines which feedback path
is used. For example if FB_SEL = Vpp, the FB_GND1 switch is closed, while the FB_GNDO switch remains open,
creating a current path through the resistors connected to FB_GND1. Conversely, if FB_SEL = GND, the
FB_GNDO switch is closed, while the FB_GND1 switch remains open, creating a current path through the
resistors connected to FB_GNDO.

FB_SEL can be susceptible to noise interference. To prevent an accidental state change, either bypass FB_SEL
with a 0.1uF capacitor to GND, or connect the higher voltage feedback network to FB_GNDO, and the lower
voltage feedback network to FB_GND1. Because the higher output voltage configuration typically generates
more noise on Vpp, this configuration minimizes the Vpp noise exposure of FB_SEL, as FB_SEL = GND for
FB_GNDO (high voltage output) and FB_SEL = Vpp for FB_GND1 (low voltage output).

The selectable feedback networks maximize efficiency in two ways. In applications where the system power
supply voltage changes, such as a mobile GPS receiver, that transitions from battery power, to AC line, to a car
power adapter, the LM48511 can be configured to generate a lower voltage when the system power supply
voltages is lower, and conversely, generate a higher voltage when the system power supply is higher. See the
Setting the Regulator Output Voltage (PV1) section.

In applications where the same speaker/amplifier combination is used for different purposes with different audio
power requirements, such as a cell phone ear piece/speaker phone speaker, the ability to quickly switch between
two different voltages allows for optimization of the amplifier power supply, increasing overall system efficiency.
When audio power demands are low (ear piece mode) the regulator output voltage can be set lower, reducing
quiescent current consumption. When audio power demands increase (speaker phone mode), a higher voltage
increases the amplifier headroom, increasing the audio power delivered to the speaker.

7.4 Device Functional Modes

The LM48511 features two modulations schemes, a fixed frequency mode (FF) and a spread spectrum mode
(SS).

7.4.1 7.4.1 Fixed Frequency

Select the fixed frequency mode by setting SS/FF = GND. In fixed frequency mode, the amplifier outputs switch
at a constant 300 kHz. In fixed frequency mode, the output spectrum consists of the fundamental and its
associated harmonics (see Typical Characteristics).

7.4.2 7.4.2 Spread Spectrum Mode

Set SS/FF = VDD for spread spectrum mode. The logic selectable spread spectrum mode eliminates the need
for output filters, ferrite beads or chokes. In spread spectrum mode, the switching frequency varies randomly by
10% about a 330-kHz center frequency, reducing the wideband spectral contend, improving EMI emissions
radiated by the speaker and associated cables and traces. Where a fixed frequency class D exhibits large
amounts of spectral energy at multiples of the switching frequency, the spread spectrum architecture of the
LM48511 spreads that energy over a larger bandwidth (see Typical Characteristics). The cycle-to-cycle variation
of the switching period does not affect the audio reproduction, efficiency, or PSRR.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM48511 integrates a boost converter with a high-efficiency Class D audio power amplifier, which uses a
filterless modulation scheme, reducing external component count, board area consumption and system cost. The
major benefit of a Class D amplifier is increased efficiency versus a Class AB. The LM48511 regulator has two
selectable feedback paths, which allow the regulator to dynamically switch between two different output voltages
easily. In addition, the LM48511 regulator features two different switching modes, improving light load efficiency
by minimizing losses due to MOSFET gate charge. The amplifier gain of the LM48511 is set by four external
resistors. Careful matching of those resistor pairs is required for optimum performance.

8.2 Typical Application
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Figure 24. Typical LM48511 Audio Amplifier Application Circuit
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