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LM4733
3 Channel 30W Audio Power Amplifier with Mute
Check for Samples: LM4733
FEATURES DESCRIPTION
« Low External Component Count The LMA4733 is a three channel audio amplifier
. . . capable of typically delivering 30W per channel of
leet Fade-infout Mute Mode continuous average output power into a 4Q or 8Q
* Wide Supply Range: 20V - 64V load with less than 10% THD+N from 20Hz - 20kHz.
The LM4733 has short circuit protection and a
APPLICATIONS thermal shut down feature that is activated when the
* Audio Amplifier for Component Stereo die temperature exceeds 150°C. The LM4733 also
« Audio Amplifier for Compact Stereo has an under voltage lock out feature for click and

* Audio Amplifier for Self-powered Speakers pop free power on and off.

. Audio Amplifier for High-end and HD TVs Each amplifier of the LM4733 has an independent
smooth transition fade-in/out mute.
KEY SPECIFICATIONS The LM4733 has a wide operating supply range from

. Output Power/Channel at 10% THD+N, 1kHz +10V - #32V allowing for lower cost unregulated
into 40 or 8Q 30W (typ) power supplies to be used.

« THD+N at 3 x 1W into 8Q, 1kHz 0.03% (typ) The LM4733 amplifiers can easil_y be configured fqr
. bridge or parallel operation for higher power and bi-
e Mute Attenuation 110dB (typ) amp solutions

« PSRR 85dB (typ)
« Slew Rate 9V/ps (typ)

Typical Application
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Figure 1. Typical Audio Amplifier Application Circuit

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
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Connection Diagram
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Figure 2. 27-Lead TO-220 - Top View®
See NDMO0027A

(1) The TA27Ais a non-isolated package. The package's metal back and any heat sink to which it is mounted are connected to the V-
potential when using only thermal compound. If a mica washer is used in addition to thermal compound, 6¢g (case to sink) is increased,
but the heat sink will be electrically isolated from V.

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“:'\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Absolute Maximum Ratings @@

Supply Voltage |V*| + |V'] 69V
Common Mode Input Voltage (V*orVv)and

V¥ + |V < 60V
Differential Input Voltage 60V
Output Current Internally Limited
Power Dissipation(® 125W
ESD Susceptability ® 2.0kV
ESD Susceptability”) 200V

Junction Temperature (Tvax)® 150°C

Soldering Information TO-220 Package (10 seconds) 260°C

Storage Temperature -40°C to +150°C

Thermal Resistance 03a 30°C/W

0;c 0.9°C/W

(1) 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 ensure specific performance limits. Electrical Characteristics state DC and AC electrical
specifications under particular test conditions which ensure specific performance limits. This assumes that the device is within the
Operating Ratings. Specifications are not ensured for parameters where no limit is given; however, the typical value is a good indication
of device performance.

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

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

(4) The Differential Input Voltage Absolute Maximum Rating is based on supply voltages V* = 30V and V'= - 30V.

(5) The maximum power dissipation must be de-rated at elevated temperatures and is dictated by Tjyax, 8;5c, and the ambient temperature
Ta. The maximum allowable power dissipation is Ppyax = (Tivax -Ta)/0;c or the number given in the Absolute Maximum Ratings,
whichever is lower. For the LM4733, Tjuax = 150°C and the typical 8;¢c is 0.9°C/W. Refer to the DETERMINING THE CORRECT HEAT
SINK section for more information.

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

(7) Machine Model: a 220pF - 240pF discharged through all pins.

(8) The maximum operating junction temperature is 150°C. However, the instantaneous Safe Operating Area temperature is 250°C.

Operating Ratings®®

Temperature Range

Tmin < Ta < Tuax —-20°C < Tp < +85°C

Supply Voltage [V*] + |V

20V < VroraL S 64V

)
@

All voltages are measured with respect to the ground pins, unless otherwise specified.

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 ensure specific performance limits. Electrical Characteristics state DC and AC electrical
specifications under particular test conditions which ensure specific performance limits. This assumes that the device is within the
Operating Ratings. Specifications are not ensured for parameters where no limit is given; however, the typical value is a good indication
of device performance.
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Electrical CharacteristicsY®@®

The following specifications apply for V* = +24V, V' = =24V, l,,ure = -1mA/channel and R, = 8Q unless otherwise specified.
Limits apply for T, = 25°C.

Svmbol b Conditi LM4733 Units
ymbo arameter onditions Typical® | Limit®® (Limits)
+ g @) -\ 20 V (min)
VT + |V Power Supply Voltage GND -V 29V 18 64 V (max)
Awm Mute Attenuation ImuTte = OmA 110 dB
THD+N = 10% (max), f = 1kHz,
V] = V] =19V, R =4Q 30 25 W (min)
[V = V] =24V,R_=8Q 30 25 W (min)
Po Output Power (RMS)
THD+N = 1% (max), f = 1kHz,
V¥ = V] =19V, R = 4Q 25 W
V¥ = V] = 24V, R_ = 8Q 25 w
Po = 1W, f = 1kHz
THDN Total Harmonic Distortion + Ay = 26dB
Noise V¥ = V] =19V, R = 4Q 0.05 %
V] = V| =24V, R _=8Q 0.03 %
_ Po = 10W, f = 1kHz 70 dB
Xtalk Channel Separation®
Po = 10W, f = 10kHz 66 dB
SR Slew Rate VN = 1.2VRrwus, f = 10kHz square 9 V/us
Wave, R = 2kQ
Ibp Total Quiescent Power Vem = 0V, 72 150 mA (max)
Supply Current Vo =0V, Ig = 0A
Vos Input Offset Voltage Vem =0V, Ig = OmA 1 10 mV (max)
Ig Input Bias Current Vem = 0V, Ig = OmA 0.2 WA
V" =24V + VippLg (1VRws) 85 dB
. i fR|pp|_E =120Hz sine, V'=-24V
PSRR Power Supply Rejection Ratio N
V'=-24V + VgippLe (1VRus) 59 dB
fRIPPLE = 120Hz Sine, V+ =24V
AvoL Open Loop Voltage Gain V¥ =V =24V, R_=2kQ, 115 dB
AVg = 20V
en Input Noise IHF-A-Weighting Filter, 3.0 MV
Ry = 600Q (Input Referred)

(1) All voltages are measured with respect to the ground pins, 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 ensure specific performance limits. Electrical Characteristics state DC and AC electrical
specifications under particular test conditions which ensure specific performance limits. This assumes that the device is within the
Operating Ratings. Specifications are not ensured for parameters where no limit is given; however, the typical value is a good indication
of device performance.

(3) The TA27Ais a non-isolated package. The package's metal back and any heat sink to which it is mounted are connected to the V-
potential when using only thermal compound. If a mica washer is used in addition to thermal compound, 8¢ (case to sink) is increased,
but the heat sink will be electrically isolated from V.

(4) Typical specifications are measured at 25°C and represent the parametric norm.

(5) Tested limits are specified to the AOQL (Average Outgoing Quality Level).

(6) Datasheet min/max specification limits are guaranteed by design, test, or statistical analysis.

(7) VvV must have at least - 9V at its pin with reference to GND in order for the under-voltage protection circuitry to be disabled. In addition,
the voltage differential between V* and V'must be greater than 14V.

(8) Cross talk performance was measured using the demo board shown in the datasheet. PCB layout will affect cross talk. It is
recommended that the input and output traces be separated by as much distance as possible. Return ground traces from outputs should
also be independent back to sinlge ground point and use as wide of traces as possible.
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Bridged Amplifier Application Circuit
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Figure 3. Bridged Amplifier Application Circuit

Copyright © 2003-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
Product Folder Links: LM4733

PRODUCT PREVIEW


http://www.ti.com/product/lm4733?qgpn=lm4733
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAS228C&partnum=LM4733
http://www.ti.com/product/lm4733?qgpn=lm4733

M3IATHd 109NnAO0dd

LM4733

SNAS228C —AUGUST 2003—-REVISED APRIL 2013

OBSOLETE

13 TEXAS
INSTRUMENTS

www.ti.com

Parallel Amplifier Application Circuit
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Figure 4. Parallel Amplifier Application Circuit
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Single Supply Application Circuit
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Figure 5. Single Supply Amplifier Application Circuit

Auxiliary Amplifier Application Circuit
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Figure 6. Special Audio Amplifier Application Circuit
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External Components Description

Table 1. External Components Description (see Figure 1, Figure 3, Figure 4, Figure 5, and Figure 6)

Components Functional Description
1 |Rg Prevents current from entering the amplifier's non-inverting input. This current may pass through to the load during
system power down, because of the amplifier's low input impedance when the undervoltage circuitry is off. This
phenomenon occurs when the V* and V'supply voltages are below 1.5V.
R; Inverting input resistance. Along with Ry, sets AC gain.
Rs Feedback resistance. Along with R;, sets AC gain.
RSZ Feedback resistance. Works with Cf and Rf creating a lowpass filter that lowers AC gain at high frequencies. The -
@ 3dB point of the pole occurs when: (R - R;)/2 = R; // [1/(21f.Cs) + Ry,] for the Non-Inverting configuration shown in
Figure 6.
5 % Compensation capacitor. Works with Rf and Ry, to reduce AC gain at higher frequencies.
6 |Cc Compensation capacitor. Reduces the gain at higher frequencies to avoid quasi-saturation oscillations of the output
@ transistor. Also suppresses external electromagnetic switching noise created from fluorescent lamps.
7 % Feedback capacitor which ensures unity gain at DC. Along with R; also creates a highpass filter at f; = 1/(2TR;C;).
8 |Cg Provides power supply filtering and bypassing. Refer to the SUPPLY BYPASSING application section for proper
placement and selection of bypass capacitors.
9 I(?ly Acts as a volume control by setting the input voltage level.
10 RBN Sets the amplifier's input terminals DC bias point when C,y is present in the circuit. Also works with C,\ to create a
@ highpass filter at fc = 1/(2mR|\Cn). If the value of Ry is too large, oscillations may be observed on the outputs
when the inputs are floating. Recommended values are 10kQ to 47kQ. Refer to Figure 6.
11 %N Input capacitor. Prevents the input signal's DC offsets from being passed onto the amplifier's inputs.
12 I(le,N Works with Cgy to stabilize the output stage by creating a pole that reduces high frequency instabilities.
13 C§N Works with Rgy to stabilize the output stage by creating a pole that reduces high frequency instabilities. The pole is
a set at fc = 1/(2MTRsnCsp). Refer to Figure 6.
14 |L® Provides high impedance at high frequencies so that R may decouple a highly capacitive load and reduce the Q of
o) the series resonant circuit. Also provides a low impedance at low frequencies to short out R and pass audio signals
15 |R ;
to the load. Refer to Figure 6.
16 |Ra Provides DC voltage biasing for the transistor Q1 in single supply operation.
17 |[Ca Provides bias filtering for single supply operation.
18 RBNP Limits the voltage difference between the amplifier's inputs for single supply operation. Refer to the CLICKS AND
@ POPS application section for a more detailed explanation of the function of Ryp.
19 |Rg Provides input bias current for single supply operation. Refer to the CLICKS AND POPS application section for a
more detailed explanation of the function of Rg.
20 |Rg Establishes a fixed DC current for the transistor Q1 in single supply operation. This resistor stabilizes the half-
supply point along with Ca.
21 | Ry Mute resistance set up to allow 0.5mA to be drawn from each MUTE pin to turn the muting function off.
— Ry is calculated using: Ry < (|[Veg| — 2.6V)/l where | = 0.5mA. Refer to the Mute Attenuation vs Mute Current
curves in the Typical Performance Characteristics section.
22 |Cwm Mute capacitance set up to create a large time constant for turn-on and turn-off muting.
23 |S, Mute switch. When open or switched to GND, the amplifier will be in mute mode.
24 | Rout Reduces current flow between outputs that are caused by Gain or DC offset differences between the amplifiers.

(1) Optional components dependent upon specific design requirements.
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Optional External Component Interaction

Although the optional external components have specific desired functions that are designed to reduce the
bandwidth and eliminate unwanted high frequency oscillations they may cause certain undesirable effects when
they interact. Interaction may occur for components whose reactances are in close proximity to one another. One
example would be the coupling capacitor, C¢, and the compensation capacitor, C;. These two components act as
low impedances to certain frequencies which will couple signals from the input to the output. Please take careful
note of basic amplifier component functionality when designing in these components.

The optional external components shown in Figure 5 and Figure 6 and described above are applicable in both
single and split voltage supply configurations.
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Typical Performance Characteristics

Supply Current
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OUTPUT POWER / CHANNEL (W)
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
Two Channels On Crosstalk
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Typical Performance Characteristics (continued)

THD+N
Vs
Frequency
+ 21V, Pg 1W & 20w,

All Chs in Paraﬁel Mode (NotelG),
R, = 2Q, 80kHz BW

20
10

LI
- 4
O
=+

i
/
(

10k 20k

FREQUENCY (Hz)
Figure 25.
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Figure 29.
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Bridge mode graphs were taken using the demo board and inverting the signal to the channel B input.
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Typical Performance Characteristics (continued)
Parallel mode graphs were taken using the demo board connecting each output through a 0.1Q/3W resistor to the

load.
Output Power
Vs
Suppl Voltaé;e
All Chs in Parallel Mode (Notel6),
f = 1kHz, R = 2Q, 80kHz BW
175
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2 125 //
P 10% THD+N /
g 100 ,/
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3 50
/
25 =
=
0
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Figure 31.
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APPLICATION INFORMATION
MUTE MODE

The muting function allows the user to mute the amplifier. This can be accomplished as shown in the Typical
Application Circuit. The resistor Ry, is chosen with reference to the negative supply voltage and is used in
conjunction with a switch. The switch, when opened or switched to GND, cuts off the current flow from the MUTE
pins to —Vgg, thus placing the LM4733 into mute mode. Refer to the Mute Attenuation vs Mute Current curves in
the Typical Performance Characteristics section for values of attenuation per current out of each MUTE pin. The
resistance Ry, is calculated by the following equation:

Ry < (|=Veel = 2.6V) / Iyure (1)
Where lyyte = 0.5mA for each MUTE pin.

The MUTE pins can be tied together so that only one resistor is required for the mute function. The mute resistor
value must be chosen so that a minimum of 1.5mA is pulled through the resistor Ry;. This ensures that each
amplifier is fully operational. Taking into account supply line fluctuations, it is a good idea to pull out 1mA per
MUTE pin or 3mA total if all pins are tied together.

A turn-on MUTE or soft start circuit may also be used during power up. A simple circuit like the one shown below
may be used.

Rm1 To Mute

-VEE 8.2kQ A Pin(s)

— \NN—"—\WN—>
ou L

The RC combination of Cy and Ry;; may cause the voltage at point A to change more slowly than the -Vgg
supply voltage. Until the voltage at point A is low enough to have 0.5mA of current per MUTE pin flow through
Ru2, the IC will be in mute mode. The series combination of Ry; and Ry, needs to satisfy the mute equation
above for all operating voltages or mute mode may be activated during normal operation. For a longer turn-on
mute time, a larger time constant, T = RC = Ry;;Cy (sec), is needed. For the values show above and with the
MUTE pins tied together, the LM4733 will enter play mode when the voltage at point A is -25.1V. The voltage at
point A is found with Equation 2 below.

V() = (Vs - Vo)e™ (Volts)
where
. t = time (sec)
e T1=RC (sec)
. V, = Voltage on C at t = 0 (Volts)
. V; = Final voltage, -Vgg in this circuit (Volts) 2)

UNDER-VOLTAGE PROTECTION

Upon system power-up, the under-voltage protection circuitry allows the power supplies and their corresponding
capacitors to come up close to their full values before turning on the LM4733. Since the supplies have essentially
settled to their final value, no DC output spikes occur. At power down, the outputs of the LM4733 are forced to
ground before the power supply voltages fully decay preventing transients on the output.

OVER-VOLTAGE PROTECTION

The LM4733 contains over-voltage protection circuitry that limits the output current while also providing voltage
clamping. The clamp does not, however, use internal clamping diodes. The clamping effect is quite the same
because the output transistors are designed to work alternately by sinking large current spikes.
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THERMAL PROTECTION

The LM4733 has a sophisticated thermal protection scheme to prevent long-term thermal stress of the device.
When the temperature on the die exceeds 150°C, the LM4733 shuts down. It starts operating again when the die
temperature drops to about 145°C, but if the temperature again begins to rise, shutdown will occur again above
150°C. Therefore, the device is allowed to heat up to a relatively high temperature if the fault condition is
temporary, but a sustained fault will cause the device to cycle in a Schmitt Trigger fashion between the thermal
shutdown temperature limits of 150°C and 145°C. This greatly reduces the stress imposed on the IC by thermal
cycling, which in turn improves its reliability under sustained fault conditions.

Since the die temperature is directly dependent upon the heat sink used, the heat sink should be chosen so that
thermal shutdown is not activated during normal operation. Using the best heat sink possible within the cost and
space constraints of the system will improve the long-term reliability of any power semiconductor device, as
discussed in the DETERMINING THE CORRECT HEAT SINK section.

DETERMINING MAXIMUM POWER DISSIPATION

Power dissipation within the integrated circuit package is a very important parameter requiring a thorough
understanding if optimum power output is to be obtained. An incorrect maximum power dissipation calculation
may result in inadequate heat sinking causing thermal shutdown and thus limiting the output power.

Equation 3 shows the theoretical maximum power dissipation point for each amplifier in a single-ended
configuration where Vc is the total supply voltage.

Pomax = (Vo) / 2R, 3)

Thus by knowing the total supply voltage and rated output load, the maximum power dissipation point can be
calculated. The package dissipation is three times the number which results from Equation 3 since there are
three amplifiers in each LM4733. Refer to the graphs of Power Dissipation versus Output Power in the Typical
Performance Characteristics section which show the actual full range of power dissipation not just the maximum
theoretical point that results from Equation 3.

DETERMINING THE CORRECT HEAT SINK

The choice of a heat sink for a high-power audio amplifier is made entirely to keep the die temperature at a level
such that the thermal protection circuitry is not activated under normal circumstances.

The thermal resistance from the die to the outside air, 6,4 (junction to ambient), is a combination of three thermal
resistances, 0;c (junction to case), 8¢5 (case to sink), and 65, (sink to ambient). The thermal resistance, 0;c
(junction to case), of the LM4733T is 0.9°C/W. Using Thermalloy Thermacote thermal compound, the thermal
resistance, B¢g (case to sink), is about 0.2°C/W. Since convection heat flow (power dissipation) is analogous to
current flow, thermal resistance is analogous to electrical resistance, and temperature drops are analogous to
voltage drops, the power dissipation out of the LM4733 is equal to the following:

I:)DMAX = (TJMAX_TAMB) / eJA
where
e Tyuax = 150°C
e Taug IS the system ambient temperature
* 0,a=05c+6cst By (4)

TJmax TAmb

Once the maximum package power dissipation has been calculated using Equation 3, the maximum thermal
resistance, Bg,, (heat sink to ambient) in °C/W for a heat sink can be calculated. This calculation is made using
Equation 5 which is derived by solving for 85, in Equation 4.

95A = [(TJMAX_TAMB)_PDMAX(GJC +ecs)] / Pomax (5)
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Again it must be noted that the value of 85, is dependent upon the system designer's amplifier requirements. If
the ambient temperature that the audio amplifier is to be working under is higher than 25°C, then the thermal
resistance for the heat sink, given all other things are equal, will need to be smaller.

SUPPLY BYPASSING

The LM4733 has excellent power supply rejection and does not require a regulated supply. However, to improve
system performance as well as eliminate possible oscillations, the LM4733 should have its supply leads
bypassed with low-inductance capacitors having short leads that are located close to the package terminals.
Inadequate power supply bypassing will manifest itself by a low frequency oscillation known as “motorboating” or
by high frequency instabilities. These instabilities can be eliminated through multiple bypassing utilizing a large
tantalum or electrolytic capacitor (10uF or larger) which is used to absorb low frequency variations and a small
ceramic capacitor (0.1uF) to prevent any high frequency feedback through the power supply lines.

If adequate bypassing is not provided, the current in the supply leads which is a rectified component of the load
current may be fed back into internal circuitry. This signal causes distortion at high frequencies requiring that the
supplies be bypassed at the package terminals with an electrolytic capacitor of 470uF or more.

BRIDGED AMPLIFIER APPLICATION

The LM4733 has three operational amplifiers internally, allowing for a few different amplifier configurations. One
of these configurations is referred to as “bridged mode” and involves driving the load differentially through two of
the LM4733's outputs. This configuration is shown in Figure 3. Bridged mode operation is different from the
classical single-ended amplifier configuration where one side of its load is connected to ground.

A bridge amplifier design has a distinct advantage over the single-ended configuration, as it provides differential
drive to the load, thus doubling output swing for a specified supply voltage. Theoretically, four times the output
power is possible as compared to a single-ended amplifier under the same conditions. This increase in attainable
output power assumes that the amplifier is not current limited or clipped.

A direct consequence of the increased power delivered to the load by a bridge amplifier is an increase in internal
power dissipation. For each operational amplifier in a bridge configuration, the internal power dissipation will
increase by a factor of two over the single ended dissipation. Using Equation 3 the load impedance should be
divided by a factor of two to find the maximum power dissipation point for each amplifier in a bridge configuration.
In the case of an 8Q load in a bridge configuration, the value used for R, in Equation 3 would be 4Q for each
amplifier in the bridge. When using two of the amplifiers of the LM4733 in bridge mode, the third amplifier should
have a load impedance equal to or higher than the equivalent impedance seen by each of the bridged amplifiers.
In the example above where the bridge load is 8Q and each amplifier in the bridge sees a load value of 4Q then
the third amplifier should also have a 4Q load impedance or higher. Using a lower load impedance on the third
amplifier will result in higher power dissipation in the third amplifier than the other two amplifiers and may result
in unwanted activation of thermal shut down on the third amplifier. Once the impedance seen by each amplifier is
known then Equation 3 can be used to calculated the value of Ppyax for each amplifier. The Ppyax Of the IC
package is found by adding up the power dissipation for each amplifier within the IC package.

This value of Ppyax can be used to calculate the correct size heat sink for a bridged amplifier application. Since
the internal dissipation for a given power supply and load is increased by using bridged-mode, the heatsink's 65,
will have to decrease accordingly as shown by Equation 5. Refer to the section, DETERMINING THE CORRECT
HEAT SINK for a more detailed discussion of proper heat sinking for a given application.

PARALLEL AMPLIFIER APPLICATION

Parallel configuration is normally used when higher output current is needed for driving lower impedance loads
(i.e. 4Q or lower) to obtain higher output power levels. As shown in Figure 4 , the parallel amplifier configuration
consist of designing the amplifiers in the IC to have identical gain, connecting the inputs in parallel and then
connecting the outputs in parallel through a small external output resistor. Any number of amplifiers can be
connected in parallel to obtain the needed output current or to divide the power dissipation across multiple IC
packages. Ideally, each amplifier shares the output current equally. Due to slight differences in gain the current
sharing will not be equal among all channels. If current is not shared equally among all channels then the power
dissipation will also not be equal among all channels. It is recommended that 0.1% tolerance resistors be used to
set the gain (R; and Ry) for a minimal amount of difference in current sharing.
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