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Notebook computer upgrade path for
audio power amplifiers

Introduction
Notebook PCs are constantly changing, and their require-
ments for audio power amplifiers (APAs) are also changing.
TI has been releasing new APAs for notebook PCs to meet
the market’s needs. New features added to the original
innovative device, the TPA0102, have improved system
functionality and performance.

The TPA0212/0312 offer internal gain settings to reduce
external components; differential inputs for noise reduc-
tion; and lower supply currents. The TPA0232 adds dc
volume control, while the TPA0252 has digitally controlled
volume control. The newest device, the TPA2000D4, is a
filterless class-D device with an integrated headphone
drive. It offers higher efficiency for extended battery run-
times, as well as reduced thermal dissipation.

A simplified block diagram of a notebook computer is
shown in Figure 1. There are several ways to configure
and interface the APA, each discussed later in this article.
For more information on the audio or overall PC system,
see Reference 1. Each of the devices listed in this article is
suitable for use in notebook PCs, sub-notebooks, or per-
sonal digital assistants (PDAs).

External gain amplifiers (TPA0102 and TPA0202)
These devices can take the audio signal directly from the
AC ’97 Codec, conditioning the signal gain and enabling it
to drive low-impedance speakers. Optional equalization

can be added between the AC ’97 Codec and the APA to
improve speaker fidelity by electronically flattening its
response. This equalization can be done either with analog
techniques using operational amplifiers, or digitally with a
device like the TAS3002 digital EQ IC from TI. Figure 2 on
the following page shows the TPA0202 set up in the
optimal circuit configuration. 

There are two sets of inputs (RLINEIN/LLINEIN and
RHPIN/LHPIN) feeding an input MUX. The HP/

_____
LINE

terminal controls the input MUX. This allows independent
gain settings for the internal speakers and the head-
phones, which allows the loudness to be matched between
the speakers and the headphones. Alternately, one set of
inputs can be connected to the AC ’97 Codec, and the
other set can be connected to the analog output of the
CD-ROM, allowing a mode of operation where audio CDs
may be played without powering the entire notebook.
Another option is to use one set of inputs for the equal-
ized signal and the other set for the flat signal for the
headphones, as they should not be equalized.

The SE/
____
BTL terminal controls the negative output

amplifier stage. In BTL mode, this amplifier is enabled,
driving the speaker in BTL mode. In SE mode, the nega-
tive output amplifier is in a high-impedance state, effec-
tively muting the internal speakers so no sound is heard
from them when the headphones are in use.
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Figure 1. Simplified block diagram of the audio portion of a notebook PC
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The TPA0102 and TPA0202 use one internal stage for
amplification and power output. Minimum distortion is
therefore achieved by keeping the gain as low as possible,
with a gain of –2 V/V (BTL) providing the highest SNR
and lowest distortion in the load. The speaker gain is set by
Equation 1, and the headphone gain is set by Equation 2.
There are three considerations when choosing these resis-
tors. The first is that high resistance values create a large
time constant with the input ac-coupling cap, CIN. When
the amplifier is placed in shutdown mode, the midrail dc
biasing voltage (BYPASS) drifts to ground. If Equation 4 is
not satisfied, the start-up pop will increase. The second
consideration is that the larger the gain of the circuit, the
larger the start-up pop. The third consideration is the cre-
ation of a pole at f = (2πRINCIN)-1. This cutoff frequency
must be set to pass the desired low-end audio frequencies.

(1)

(2)

The major differences between the two amplifiers are
that the TPA0102 is capable of driving 1.5 W into a 4-Ω
load, while the TPA0202 can drive 2 W into a 3-Ω load and
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has internal de-pop circuitry added to reduce start-up
popping in the speakers. The remaining features are
virtually identical, so the consideration becomes the selec-
tion of the capacitors for the circuit: ac coupling, bypass,
and bulk decoupling of the power supply. 

The AC ’97 Codec’s outputs may not be biased at the
same voltage as the APA inputs; thus dc blocking capaci-
tors are required to ac-couple the two ICs to prevent
distortion in the APA. Single-ended inputs are sensitive to
noise since any common-mode noise will be amplified by
the APA. Careful layout reduces noise pickup. Shield the
input traces from noisy digital signals, and keep the input
and feedback resistors as close as possible to the APA
inputs, since their high-impedance nodes are likely to
pick up noise. The outputs to the single-ended load must
be ac-coupled (COUT) to block any dc component from
the APA, preventing a dc current from flowing through
the speaker. In both cases, these capacitors combine with
the series resistance (CIN with RIN, and COUT with the
headphone resistance) to create a high-pass filter with a
cutoff frequency of (2πRC)-1. Ceramic capacitors are
used at the inputs since RIN is large. The SE output
requires an electrolytic capacitor because the small resist-
ance of the headphones requires a large capacitance to
get a low cutoff frequency.

The supply decoupling capacitors (CS) are located at
the power-supply pins (RVDD and LVDD). The CS capaci-
tors decouple high-frequency signals, such as transients

and spikes, from the
power supply. The CB
capacitors decouple
high-frequency sig-
nals that couple into
the midrail biasing
circuit, and help
minimize the startup
pop by controlling
the voltage on the
non-inverting termi-
nal. Each capacitor
should be a low
impedance over the
expected noise fre-
quency range. The
range of noise is
determined by the
noise sources in the
system. In a note-
book PC, the primary
source is the hard-
disk drive (HDD).
The noise is caused
by the rise time of
the digital compo-
nents as they switch
on and off. According
to Reference 2, the
maximum frequency
of this noise is calcu-
lated with Equation 3,
where tr is the rise
time of the digital
pulse. Periodic signals
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Continued from previous page



Texas Instruments Incorporated Signal Conditioning: Audio Amplifiers

29

Analog Applications Journal February 2001 Analog and Mixed-Signal Products

require filtering from their frequency up to this maximum
frequency. Non-periodic signals should be filtered from dc
up to fmax.

(3)

Two capacitors may be required to implement effective
noise decoupling with CS, depending upon the range of
the noise. If there is low-frequency noise, then bulk capac-
itance may be required and is placed in parallel with the
high-frequency capacitor. In this case the high-frequency
capacitor must be placed closer to the pin. Capacitor CB
acts as a virtual ac ground, allowing operation from a sin-
gle supply. The selection of CB is based on two criteria—it
should be a low impedance over the expected noise fre-
quency range, and it must satisfy Equation 4.

(4)

The relationship shown in Equation 4 reduces the pop
as much as possible. The size of the capacitor directly
influences PSRR, particularly at frequencies of less than 
1 kHz. The larger the capacitor, the better the PSRR, but
the longer the start-up time. See Figure 12 in Reference 3
as an example. Keep in mind that the noise introduced at
the bypass pins will manifest as degraded PSRR and
increased THD+N in the APA. RIN and RF may be
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increased if a larger value of CB is required for noise
decoupling. For the power supply and bypass pin decou-
pling, good-quality ceramic capacitors effectively decouple
noise in the range of tens of kilohertz to hundreds of
megahertz. Tantalum or aluminum electrolytic capacitors
are good for decoupling frequencies from the tens of kilo-
hertz down to a few hertz. 

Internal selectable fixed gain 
(TPA0212 and TPA0312)
The TPA0212 and TPA0312 have features similar to the
TPA0202 and, in addition, have the following enhancements.
• Fully differential or single-ended inputs
• Selectable, internal gains
• Improved depop
• PC-BEEP option
• Compatible with PC2001 Desktop Line-out into a 

10-kΩ load

The TPA0312 has gains that are compatible with audio
Codecs operating at 3 V but is otherwise similar to 
the TPA0212.

Figure 3 shows the TPA0212 configured for differential
inputs. The line inputs can be configured as fully differen-
tial if the positive input terminal is connected to the RIN
or LIN pins, the negative terminal is connected to the
RLINEIN and LLINEIN pins, and the HP terminals are left
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floating. This is done because the RHPIN/LHPIN and
RLINEIN/LLINEIN inputs go to the MUX and then are
applied to the inverting input of the internal amplifier,
while the RIN/LIN inputs are tied to the non-inverting
input. When single-ended inputs are used, the RIN/LIN
pins are grounded through a capacitor of the same value
as the audio signal inputs. 

The internal gain control is selected by the combination
of two input terminals (GAIN0 and GAIN1) used in con-
junction with the SE/

____
BTL pin. Table 1 shows the gain

combinations available for both the TPA0212 and TPA0312.
The gain is variable for the BTL output to allow for varying
efficiencies of different speaker types and varying input
amplitudes from the equalization circuitry or some other
signal conditioning. The gain can also be used as a limited
volume control. The SE gain provides the optimal level of
sound in headphones. It also minimizes start-up pop and
allows a large output signal swing from the AC ’97 Codec,
maximizing the SNR. The input impedance varies with gain
and will impact the cutoff frequency of the input filter.
Assume a worst-case minimum of 10 kΩ to calculate CIN. 

The depop circuitry is improved and does not require
any special circuits or considerations to minimize it. Choice
of CB is not directly linked to the input filter components.
CB is recommended to be between 0.47 µF and 1 µF for
minimum THD+N.

The PC Beep allows the system processor to send a
tone signal to the speaker through the PC-BEEP pin. The
amplifier output is switched to BTL when the input is a
pulse train or square wave signal of 1 VPP or greater, with
rise and fall times of less than 1 µs and a minimum of 8
rising edges. This signal is passed to the speaker with a
fixed gain of 0.3 V/V, independent of the gain setting. The
PC-BEEP pin is dc-biased at midrail. When it is ac-coupled,
the value of the beep coupling capacitor (CPCB) should be
calculated with Equation 5, where RPCB = 100 kΩ is the
input impedance of the PC-BEEP pin and fPCB is the
frequency of the control signal.

(5)

DC or digital gain control (TPA0232 and TPA0252)
The TPA0232 provides all the features of the TPA0212
plus a dc gain (VOLUME) control. Refer to Figure 3. The
GAIN0 pin becomes HP/

_____
LINE, the GAIN1 pin becomes the

VOLUME, and the old HP/
_____
LINE pin becomes the CLK. A

dc voltage applied directly to the VOLUME pin controls
the amplifier gain. The dc level sets the gain from –40 dB
to +20 dB in 31 discrete steps. The gain is 20 dB for 0 V to
0.15 V and decreases in 2-dB increments for approximately
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every 120 mV. The volume is muted when the output
exceeds 3.54 V. The precise values are listed in the appli-
cation section of Reference 4. 

The CLK pin requires a fixed 0.47-nF capacitor to
ground for optimal circuit performance when the internal
clock is used, which sets the clock frequency to 100 Hz.
The maximum internal clock frequency is 500 Hz. The
formula for calculating either CCLK or fCLK is shown in
Equation 6.

(6)

An external clock can override the internal clock by
removing the capacitor and applying it directly to the CLK
terminal. The maximum input frequency is 10 kHz, though
it should be kept at less than 200 Hz for normal operation
to prevent the gain from increasing too quickly and creat-
ing pop or zipper noise in the speaker. The waveform
should be a 5-V, 50%-duty-cycle square wave to operate
the 4.5-V and 0.5-V trip points. In notebook PC applica-
tions, internal speakers must be driven using the single-
ended (SE) mode. The device automatically switches into
SE mode when the SE/

____
BTL pin is pulled high and the gain

is reduced by 6 dB from the BTL setting. See the applica-
tion section of Reference 4 for more information.

The TPA0252 also provides the features of the TPA0212
plus a two-pin digital input volume control and an auxil-
iary volume control memory pin (VAUX). The digital input
volume control has two active low-input control pins
(UP/DOWN). The default volume is initially set at –10 dB
and is increased or decreased in 31 discrete, 2-dB steps
over a range from –40 dB to +20 dB in BTL mode. When
in SE mode, the gain is 6 dB lower than the BTL gain for
the same input. An active low voltage on the UP pin caus-
es the gain to increase, and on the DOWN pin causes the
gain to decrease. When the UP/DOWN pin is held low, the
gain will increase/decrease by 2 dB per clock cycle.

The volume control works in conjunction with the CLK,
which functions as described for the TPA0232. The VAUX
terminal is used to maintain power to the volume control
memory. The device will remember the last volume setting
when a voltage of greater than 3 V is applied to the VAUX
terminal, even when the device is powered down or in
shutdown mode. When VAUX is pulled low, the device
resets to a volume setting of –10 dB in BTL mode. See the
application section of Reference 5 for more information.

Class-D high-efficiency APA (TPA2000D4)
The TPA2000D4 is a class-D APA capable of filterless
operation and offers many of the features of the TPA0212,
with some additional benefits:
• Greater efficiency: 70% filterless vs. 25% class-AB APA,

providing these benefits:
– longer battery life
– lower supply-current demand from LDO
– less heat due to less internal power dissipation

• Multiple internal BTL gains 
• Fully differential inputs with SE HP inputs
• Lower shutdown current: 1 µA vs. 150 µA

The efficiency of the TPA2000D4 is its greatest advantage,
offering longer battery life, lower supply current, and less

f
CCLK

CLK
=

× −4 7 10 6.
GAIN (dB)

GAIN0 GAIN1 SE/
___
BTL TPA0212 TPA0312

0 0 0 6.0 5.6
0 1 0 15.5 9.5
1 0 0 21.5 15.1
1 1 0 27.6 21.1
X X 1 0.0 4.1

Table 1. Variable gain settings of the TPA0212 and TPA0312
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heat. These are important factors as the notebook com-
puter market struggles to attain longer operation for the
system. The new modulation scheme and filterless opera-
tion allow great reductions in size and cost as well as in
the quiescent current and supply current drawn while
playing audio. 

The TPA2000D2, which is a similar part but without the
headphone amplifier, passed FCC- and CE-radiated emis-
sions with no shielding and a speaker wire 8" long or less.
This is ideal for the notebook computer, where trace/wire
length is short. For longer leads, the device can be used
with a ferrite bead or complete LC filter. See the applica-
tion section of Reference 6 for more details.

The differential inputs can be configured for SE opera-
tion by ac grounding the RINP and LINP pins with the
same capacitance used on the audio inputs. The same
considerations apply as for the TPA0212 amplifier already
discussed, with the exception of the input capacitor,
which must be at least 10 times smaller than the midrail
capacitor on the bypass pin, CB, to reduce the startup
popping. The values that change are the input impedance,
which is a minimum of 20 kΩ, and the actual gain levels.
The gain is set with 2 input terminals similar to those for
the TPA0212. The midrail bypass capacitor, CB, also per-
forms the same function and should be 1 µF. The power-
supply pin decoupling now requires two capacitors, one
high- and one low-frequency, to filter out the noise of the
system. The same rules apply as before for the placement
and type of capacitor chosen. It is critical that the high-
frequency decoupling capacitor(s) be placed as close as
possible to the IC pins.
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