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Amplifier gain uses 36dB. Benefits: Because some audio equipment sources are too weak, a 36dB amplifier will amplify the sound, and a 20dB amplifier on the market will amplify the sound. For example, the output audio signal of the mobile phone is weaker than the computer audio signal, and the sound is amplified by the 36dB power amplifier. If you connect the computer audio signal, use 36dD power amplifier to amplify the sound too loud, the sound and distortion is ugly, you should lower the volume of the computer. If the computer is not convenient to adjust, you can input the series resistor on the power amplifier board to reduce the volume (the input resistance of the power amplifier board is 1K, Using the resistor divider to change the volume of the amplifier so that the amplifier does not appear to amplify saturation distortion), the amplified sound is not distorted, and it is not difficult to listen. 
Amplifier gain uses 36dB of bad: If the audio device has a weak noise signal when it is muted (no playback), the 36dB amplifier will put a lot of noise, so some customers say that there is a lot of noise in the amplifier. The noise comes from the input signal source, and there is no noise in the speaker board input audio line disconnected inside the speaker). The noise of a desktop computer is much louder than that of a laptop. It is generally recommended that customers test using a laptop to provide a sound source. 

Output Power: 
DC=8V (6V-8.4V for dual-cell lithium battery), R=4 Ω, P=6W at @1kHz 
DC=12V, R=8 Ω, @1kHz, P= 9W 
DC=12V, R=4 Ω, @1kHz, P=13W 
DC=18V, R=8 Ω, @1kHz, P=20W 
DC=18V, R=4 Ω, @1kHz, P=13W (4 ohm speakers are not recommended to use more than 13V power supply)
Power amplifier board notes:
1. After the power amplifier board is powered, the DC voltage between the two pads of the speaker is 0V, and the DC voltage between the speaker pad and GND is half of the power supply voltage. 
2, select 4 ohm speakers, the power supply voltage can not exceed 13V, otherwise the chip is too hot and easily damage the amplifier. 
3. After the power amplifier board is powered on, the hand cannot touch the component pins on the board, because the human body interference signal interferes with the timing of the digital power amplifier, resulting in damage to the chip, and the human body is directly penetrating the components with static electricity. The basic common sense of harm is still to be popularized. 
4, the power supply voltage should be stable, try to use switching power supply and battery power supply, if the power supply ripple is too serious, you can add capacitance filtering. Battery power supply does not require additional capacitive filtering. The power supply must not exceed the working voltage of the board. Otherwise, the chip will be burnt out. The digital power amplifier is very delicate. It is no different than the analog power amplifier. The working method is completely different. 
5. The speaker wiring should be controlled within 3 meters with the audio cable. The inductance of the line is too long and the self-inductance voltage is too high. The long-distance speaker is recommended to consider adding the diode (IN5819) to realize the self-inductance voltage. Release protection chip. 
6, 8 ohm speaker basically does not need to add heat sink, less than 8 ohm speaker, if the chip temperature is higher than 60 degrees, because it stops working immediately, add heat sink fan heat, otherwise the temperature will rise immediately will burn the chip.
TPA3001 20-W MONO CLASS-D AUDIO POWER AMPLIFIER
	FEATURES DESCRIPTION23

• 20 W Into 8-Ω Load From 18-V Supply (10% THD+N)

• Short-Circuit Protection (Short to VCC, Short to GND, Short Between Outputs)

• Third-Generation Modulation Technique:

– Replaces Large LC Filter With Small,

Low-Cost Ferrite Bead Filter in Most Applications

– Improved Efficiency

– Improved SNR

• Low Supply Current: 8 mA Typ at 12 V

• Shutdown Control: < 1 mA Typ


	The TPA3001D1 (sometimes referred to as

TPA3001) is a 20-W monaural bridge-tied load (BTL)

class-D audio power amplifier (class-D amp) with high

efficiency, eliminating the need for heat sinks. The

TPA3001D1 can drive 4-Ω or 8-Ω speakers with only

a ferrite bead filter required to reduce EMI.

The gain of the amplifier is controlled by two input

terminals, GAIN1 and GAIN0. This allows the amplifier to 

be configured for a gain of 12, 18, 23.6, or 36 dB. The differential input stage provides high common-mode rejection and improved power-supply rejection.

The amplifier also includes depop circuitry to reduce

the amount of pop at power-up and when cycling SHUTDOWN.

The TPA3001D1 (TPA3001) is available in the 24-pin

thermally enhanced TSSOP package (PWP), which

eliminates the need for an external heat sink.
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Pin Functions
PN
NavE o. w0 DESCRIPTION
AGND 18,19 ‘Analog ground terminal
BN B || Bootstrap teminai for high-side gate ive of negative BTL output (connect @ 0.22-4F capacior with a 510
resistor i series ffom OUTN to BSN)
ssp . || Bootstrap terminalfor igh-side gate ive of positve BTL output (connect a 0.22-4F capacitor with a 51-0
resistor in series ffom OUTP to BSP)
BYPASS 2 1| Gonnect 1-uF capacitor o ground for BYPASS voltage fitering
CoSC El 1| Connect a 220-pF capacior to ground to set oscillation frequency
GAIN 3 1| B0 of gain control (see Table 1 for gain settings)
GAIN® 4 T |Bit1 of gain control(see Table 1 for gain settngs)
INN 1 1| Negative diferental inout
NP 2 || Positve diferental inpur
oUTN 0,11 O [ Negative BTL oupu, connect Schottky diode from PGND to QTN for short-circut protection
ouTP 4,15 O [ Poslive BTL output, connect Schottky diode from PGND to OUTP for short-circuitprofection
PGND 6.12.13 Power ground
9,16 1| Figh-voltage power supply (for output stages)
ROSC 0 1| Connecta 120-40 resistor to ground to set oscilation freauency
SHUTDOWN 5 || Shutdown teminal (negative logic) TTL compatible, 21-V complant
Voo 2 1| Analog hign-vottage power supply
VeLAWE 7 O [ Connect 1-4F capacior to ground to provide reference voltage for F-bridge gates
Vi 23 O [5-Vintemal reguiator for conirol crcuiry (connect a 0.1-4F 1o 1-4F capacior to ground)

Thermal pad

‘Connect to AGND and PGND — should be star point for both grounds. Intemal resistive connection to AGND!
Thermal vias on the PCB should connect this pad to a large copper area on an infernal or botiom layer for the
best thermal performance. The PAD must be soidered (o the PCA for mechanical refabilty.
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L1, L2: Fair-Rite, Part Number 2512067007Y3

D1, D2: Diodes, Inc., Part Number B130

Figure 30. Typical Application Circuit




GAIN SETTING VIA GAIN0 AND GAIN1 INPUTS

The gain of the TPA3001D1 is set by two input terminals, GAIN0 and GAIN1.

The gains listed in Table 1 are realized by changing the taps on the input resistors inside the amplifier. This causes the input impedance (ZI) to be dependent on the gain setting. The actual gain settings are controlled by ratios of resistors, so the gain variation from part to part is small. However, the input impedance may shift by 30% due to shifts in the actual resistance of the input resistors.

For design purposes, the input network (discussed in the next section) should be designed assuming an input impedance of 23 kΩ, which is the absolute minimum input impedance of the TPA3001D1. At the lower gain settings, the input impedance could increase as high as 313 kΩ.

[image: image5.png]Table 1. Gain Settings

AMPLIFIER GAIN INPUT IMPEDANCE
GAIN1 GAINO (d8) (k)
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INPUT RESISTANCE

Each gain setting is achieved by varying the input resistance of the amplifier, which can range from its smallest
value o over six times that value. As a result, if a single capacitor is used in the input high-pass filter, the ~3-GB
or cutoff frequency also changes by over six times.

—————————-

ol

The -3-dB frequency can be calculated using Equation 5. Use Table 1 for Z, values.

)
= :ZC

Input
Signal

(5)

INPUT CAPACITOR, C,

In the typical application, an input capacitor (C)) is required to allow the amplifier to bias the input signal o the
proper dc level for optimum operation. In this case, C, and the input impedance of the amplifier (Z)) form a
high-pass filter with the comer frequency determined in Equation 6.

g

P
2 ®
The value of C; is important, as it directly affects the bass (low frequency) performance of the circuit. Consider
the example where Z, is 241 kQ and the spedification calls for a flat bass response down to 20 Hz. Equation 6 is
reconfigured as Equation 7.
1
G = w7y

@)




In this example, CI is 33 nF, so one would likely choose a value of 0.1 mF, as this value is commonly used. If the gain is known and will be constant, use ZI from Table 1 to calculate CI. A further consideration for this capacitor is the leakage path from the input source through the input network (CI) and the feedback network to the load.

This leakage current creates a dc offset voltage at the input to the amplifier that reduces useful headroom, especially in high-gain applications. For this reason a low-leakage tantalum or ceramic capacitor is the best choice. When polarized capacitors are used, the positive side of the capacitor should face the amplifier input in most applications as the dc level there is held at 2.5 V, which is likely higher than the source dc level. Note that it is important to confirm the capacitor polarity in the application.

POWER SUPPLY DECOUPLING

The TPA3001D1 is a high-performance CMOS audio amplifier that requires adequate power-supply decoupling to ensure the output total harmonic distortion (THD) is as low as possible. Power-supply decoupling also prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling is achieved by using two capacitors of different types that target different types of noise on the power supply leads.

For higher-frequency transients, spikes, or digital hash on the line, a good low equivalent-series-resistance (ESR) ceramic capacitor, typically 1 mF, placed as close as possible to the device VCC lead works best. For filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 mF or greater placed near the audio power amplifier is recommended.

BSN AND BSP CAPACITORS

The full H-bridge output stage uses only NMOS transistors. It therefore requires bootstrap capacitors for the high side of each output to turn on correctly. A 0.22-mF ceramic capacitor, rated for at least 25 V, must be connected from each output to its corresponding bootstrap input. Specifically, one 0.22-mF capacitor must be connected from OUTP to BSP, and one 0.22-mF capacitor must be connected from OUTN to BSN. (See Figure 30.)

BSN AND BSP RESISTORS

To limit the current when charging the bootstrap capacitors, a resistor with a value of approximately 50 Ω (±10% maximum) must be placed in series with each bootstrap capacitor. The current is limited to less than 500 mA.

VCLAMP CAPACITOR

To ensure that the maximum gate-to-source voltage for the NMOS output transistors is not exceeded, an internal regulator clamps the gate voltage. A 1-mF capacitor must be connected from VCLAMP (pin 7) to ground and must be rated for at least 25 V. The voltage at VCLAMP (pin 7) varies with VCC and may not be used for powering any other circuitry.

MIDRAIL BYPASS CAPACITOR

The midrail bypass capacitor (C11 of Figure 30) is the most critical capacitor and serves several important functions. During start-up or recovery from shutdown mode, CBYPASS determines the rate at which the amplifier starts up. The second function is to reduce noise produced by the power supply caused by coupling into the output drive signal. This noise is from the midrail generation circuit internal to the amplifier, which appears as degraded PSRR and THD+N.

For the bypass capacitor (C11), a ceramic or tantalum low-ESR capacitor of 0.47 mF to 1 mF is recommended for the best THD noise, and depop performance. The bypass capacitor must have a value greater than the input capacitors for optimum depop performance.

VREF DECOUPLING CAPACITOR

The VREF terminal (pin 23) is the output of an internally-generated 5-V supply, used for the oscillator and gain-setting logic. It requires a 0.1-mF to 1-mF capacitor to ground to keep the regulator stable. The regulator may not be used to power any additional circuitry.

DIFFERENTIAL INPUT

The differential input stage of the amplifier cancels any noise that appears on both input lines of the channel. To use the TPA3001D1 EVM with a differential source, connect the positive lead of the audio source to the INP input and the negative lead from the audio source to the INN input. To use the TPA3001D1 with a single-ended source, ac ground the INN input through a capacitor and apply the audio signal to the INP input. In a single-ended input application, the INN input should be ac-grounded at the audio source instead of at the device input for best noise erformance.

SWITCHING FREQUENCY

The switching frequency is determined using the values of the components connected to ROSC (pin 20) andCOSC (pin 21) and may be calculated with Equation 8:

fs =6.6/ROSCxCOSC (8)

The frequency may be varied from 225 kHz to 275 kHz by adjusting the values chosen for ROSC and COSC.

The frequency may be varied from 225 kHz to 275 kHz by adjusting the values chosen for ROSC and COSC.

SHUTDOWN OPERATION

The TPA3001D1 employs a shutdown mode of operation designed to reduce supply current (ICC) to the absolute minimum level during periods of nonuse for battery-power conservation. The SHUTDOWN input terminal should be held high during normal operation when the amplifier is in use. Pulling SHUTDOWN low causes the outputs to mute and the amplifier to enter a low-current state, ICC(SD) = 1 mA. SHUTDOWN should never be left unconnected, because amplifier operation would be unpredictable.

Ideally, the device should be held in shutdown when the system powers up and brought out of shutdown once any digital circuitry has settled. However, if SHUTDOWN is to be left unused, the terminal may be connected directly to VCC.

USING LOW-ESR CAPACITORS

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

START-UP TIME

The start-up time can be calculated with Equation 9:

tstartup = 8.2 ms + 2x100 kOm x C11 (9)

where C11 is the value of the bypass capacitor as shown in Figure 30.

[image: image6.png]DRIVING A LOW-IMPEDANCE LOAD FROM A HIGH POWER-SUPPLY VOLTAGE

When driving low-impedance loads (.g.. a 4-O speaker), the output power can be limited by reducing the
maximum audio input signal level or by reducing the gain of the TPA3001D1. The maximum input voltage may
be calculated with Equation 1

m
where

Po(avg)max = Maximum continuous output power (W)

2, = load impedance (Q)

Ay = voltage gain (V/V) = (5‘“’]

20

For example, consider an application in which the TPA3001D1 drives a 4-Q speaker from an 18-V power supply.
The gain is selected to be 18 dB. The maximum allowable output power for a 4-Q load impedance is 12.8 W.
From Equation 1, the input voltage must not exceed 2.54 Vi,

In this same example, however, if the maximum output voltage of audio signal source is 5 V,,, then the gain of
the TPA3001D1 should be reduced to 12 dB to eliminate the need for limiting the input signal.

The input voltage may be limited using a variety of methods, depending on what is known about the audio signal
source. If the maximum output voltage of the source is known, a resistive voltage divider in conjunction with
proper TPA3001D1 gain selection may be used to prevent distortion_ If the maximum audio source voltage is
unknown, diodes may be used to clamp the input voltage, at the cost of distortion when the input signal level
exceeds the required clamping voltage

DRIVING THE OUTPUT INTO CLIPPING

The output of the TPA3001D1 may be driven into clipping to attain a higher output power than is possible with no
distortion. Clipping is typically quantified by a THD measurement of 10%. The amount of additional power into
the load may be calculated with Equation 2.

Pog10% THD) = Pog1% THD) * 125 @




[image: image7.png]For example, consider an application in which the TPA3001D1 drives an 8-Q speaker from an 18-V power
supply. The maximum output power with no distortion (less than 1% THD) is 16 W. which corresponds to a
maximum peak output voltage of 16 V. For the same output voltage level driven into clipping (10% THD), the

output power is increased to 20 W.




[image: image8.png]OUTPUT FILTER CONSIDERATIONS

A ferrite bead filter (shown in Figure 34) should be used in order to pass FCC and/or CE radiated emissions
specifications and if a frequency-sensitive circuit operating higher than 1 MHz is nearby. The ferrite filter reduces
EMI around 1 MHz and higher (FCC and CE only test radiated emissions greater than 30 MHz). When selecting
a ferrite bead, choose one with high impedance at high frequencies, but very low impedance at low frequencies.

Use an additional LC output filter I there are low frequency (<1 MHz) EMI sensitive circuits and/or there are long
wires (greater than 11 inches) from the amplifier to the speaker, as shown in Figure 35 and Figure 36.
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Figure 34. Typical Ferrite Chip Bead Filter (Chip Bead Example: Fair-Rite 2512067007Y3)
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Figure 35. Typical LC Output Filter for 4-Q Speaker, Cutoff Frequency of 27 kHz
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Figure 36. Typical LC Output Filter for 8-Q Speaker, Cutoff Frequency of 27 kHz
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The TPA3001D1 has short-circuit protection circuitry on the outputs that prevents damage to the device during
output-to-output shorts, output-to-GND shorts, and output-to-Vec shorts. When a short-circuit is detected on the
outputs, the part immediately disables the output drive and enters into shutdown mode. This is a latched fault
and must be reset by cycling the voltage on the SHUTDOWN pin to a logic low and back to the logic high state
for normal operation. This clears the short-circut flag and allows for normal operation if the short was removed. It
the short was not removed, the protection circuitry again activates

Two Schottky diodes are required to provide short-circuit protection. The diodes should be placed as close to the
TPA3001D1 as possible, with the anodes connected to PGND and the cathodes connected to OUTP and OUTN
as shown in the application circuit schematic. The diodes should have a forward voltage rating of 0.5 V at a
minimum of 1-A output current and a dc blocking voltage rating of at least 30 V. The diodes must also be rated to
operate at a junction temperature of 150°C

If short-circuit protection is not required, the Schottky diodes may be omitted

THERMAL PROTECTION

Thermal protection on the TPA3001D1 prevents damage to the device when the internal die temperature
exceeds 150°C. There is a £15°C tolerance on this trip point from device to device. Once the die temperature
exceeds the thermal set point, the device enters into the shutdown state and the outputs are disabled. This is not
a latched fault. The thermal fault is cleared once the temperature of the die is reduced by 15°C. The device
begins normal operation at this point with no external system interaction




