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® [deal for Notebook PCs and USB-Powered DAP PACKAGE
Speakers (TOP VIEW)

® 2 Winto4 QFrom 5-V Supply LINN [T]10 32 T RINN

® |ntegrated Class-AB Headphone Amplifier LINP 12 31|11 RINP

® Second-Generation Modulation Technique HPLIN T3 30 F T HPRIN
~ Filterless Operation g'::mg u_;l ;Z [ %
- Improved Efficienc L —

P 4 PVDDL [CT]6 27 - 1TJ PVDDR
® |ow Supply Current ... 9mAtypat5V LOUTP 17 26 T ROUTP
® Shutdown Control ...<0.05puA Typ PGNDL T8 25[T7 PGNDR
® Shutdown Pin Is TTL Compatible PGNDL (19 241 T 1 PGNDR

. LOUTN [T]10 23 [TJ ROUTN
[ ) _ (e} o
Ri?] Ceto 85°C Operating Temperature PVDDL T 11 22 F pvoDR
g HPLGAIN CT—|12 21T NC
® Space-Saving, Thermally-Enhanced HPLOUT 1|13 20 13 vDD
PowerPAD ™ Packaging MODE 1|14 19 [T cosc
o HPRGAIN 115 18 T ROSC
description HPROUT [T—]16 17 .71 AGND
The TPA2000D4 is a 2-W stereo bridge-tied-load NC - No internal connection

(BTL) class-D amplifier designed to drive

speakers with as low as 4-Q impedance. The amplifier uses TI's second-generation modulation technique,
which results in improved efficiency and SNR, and also allows the device to be connected directly to the speaker
without the use of the LC output filter commonly associated with class-D amplifiers (this will result in an EMI
which must be shielded at the system level). These features make the device ideal for use in notebook PCs
where high-efficiency is needed to extend battery run-time. For speakers powered off the USB bus, the
high-efficiency allows for higher output power levels without tripping the USB’s overcurrent circuitry.

The gain of the amplifier is controlled by two input terminals, GAIN1, and GAINO. This allows the amplifier to
be configured for a gain of 6, 12, 18, and 23.5 dB. The differential input terminals are high-impedance CMOS
inputs, and can be used as summing nodes.

The headphone amplifier is a stereo single-ended (SE) class-AB amplifier which requires two external resistors
per channel to set the gain. The MODE pin selects which amplifier is active; the unused amplifier is placed in
shutdown to reduce supply current.

Both the class-D BTL amplifier, and the class-AB SE amplifier include depop circuitry to reduce the amount of
turnon pop at power up, when cycling SHUTDOWN, and when switching modes of operation.

The TPA2000D4 is available in the 32-pin thermally-enhanced TSSOP package (DAP) which allows stereo 2-W
continuous output power levels in 4-Q loads when placed on a board with proper thermal board design. The
TPA2000D4 operates over an ambient temperature range of —40°C to 85°C.

These packages deliver levels of thermal performance that were previously only achievable in TO-220-type
packages. Thermal impedances of less than 35°C/W are readily realized in multilayer PCB applications when
using the DAP package.

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.

PowerPAD is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.

Copyright © 2000-2005, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments
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Terminal Functions

TERMINAL

NAME NO. 110 DESCRIPTION

AGND 17 | Analog ground

BYPASS 29 | Connect capacitor to ground for BYPASS voltage filtering

Ccosc 19 | Connect capacitor to ground to set oscillation frequency

GAINO | Bit 0 of gain control

GAIN1 5 | Bit 1 of gain control

HPLGAIN 12 | Place R between pins 12 and 13

HPRGAIN 15 | Place R between pins 14 and 15

HPLIN 3 | Left HP single-ended (SE) input

HPLOUT 13 O | Left headphone output

HPRIN 30 | Right HP SE input

HPROUT 16 O | Right headphone output

LINN | Left class-D negative differential input

LINP | Left class-D positive differential input

LOUTP O | Left positive bridge-tied load (BTL) output

LOUTN 10 O | Left negative BTL output

MODE 14 | Mode = 1, then HP, Mode = 0, then BTL

NC 21 — | No connection

PGNDL 8,9 | Left class-D high-current ground

PGNDR 24,25 | Right class-D high-current ground

PVDDL 6,11 | Left class-D high-current power supply

PVDDR 22,27 | Right class-D high power supply

ROSC 18 | Connect resistor to ground to set oscillation frequency

RINP 31 | Right class-D positive differential signal

RINN 32 | Right class-D negative differential signal

ROUTN 23 O | Right negative BTL output

ROUTP 26 O | Right positive BTL output

SHUTDOWN 28 | Shutdown terminal (negative logic)

VDD 20 | Power supply

absolute maximum ratings over operating free-air temperature (unless otherwise noted) T

Supply voltage, Vpp, PVDDL R+« vt vttt -0.3Vto55V
INPUEVOITAGE, V| oo e -0.3Vto Vpp+0.3V
Continuous total power dissipation ...t See Dissipation Rating Table
Operating free-air temperature range, TA - oo oo vt e e —-40°C to 85°C
Operating junction temperature range, T . ...t e —40°C to 150°C
Storage temperature range, Tgg - -« v v v et —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............cooiiiinineenn... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
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DISSIPATION RATING TABLE

PACKAGE Tp £25°C DERATING FACTOR Ta =70°C Tp =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
DAP 53 W 42.5 mW/°C 3.4W 2.8W
recommended operating conditions
MIN NOM MAX [ UNIT
Supply voltage, Vpp, PVpp. Vcc 3.7 55 \%
GAINO, GAIN1, SHUTDOWN 2 \Y
High-level input voltage, V|H MODE 0.8 VoD v
GAINO, GAIN1, SHUTDOWN 0.8 \Y
Low-level input voltage, V| MODE 04 VoD v
Oscillator resistance, Rosc 120 kQ
Oscillator capacitance, Cosc 220 pF
PWM Frequency 200 300 kHz
Operating free-air temperature, Ta -40 85 °C
electrical characteristics over recommended operating free-air temperature range, T A = 25°C,
Vpp = PVpp = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vosl Output offset voltage (measured differentially) VI=0V, Ay=-2VN 15| mv
. ) PVpp=45V1to55V Class-D -70
PSRR Power supply rejection ratio PVop =45V 055V Headphone e dB
[ H | High-level input current PVpp =55V, V| =PVpp LA
[ e | Low-level input current PVpp =55V, V=0V UA
oD Class D MODE =0V 9 12 mA
Supply current | Headphone MODE =5V 7 11
IDD(SD) Shutdown mode 0.05 1 A

operating characteristics, class-D amplifier, T a =25°C, Vpp =PVpp =5V, R =4 Q, Gain = all gains

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Po Output power THD =0.1%, f=1kHz 2 w
THD+N Total harmonic distortion plus noise Po =1Wf=20Hzto 20 kHz <0.4%
Bowm Maximum output power bandwidth THD = 1% 20 kHz
ksvr Supply ripple rejection ratio f=1kHz, Cpypass = 1 uF =71 dB
SNR Signal-to-noise ratio 85 dB
Vi Noise output voltage Cpypass = 1uF, f=20Hzto 20 kHz 20 UWRMS
Z Input impedance >15 kQ
*3 15
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STEREO 2-W CLASS-D AUDIO POWER AMPLIFIER
WITH STEREO HP AMPLIFIER
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operating characteristics, class-D amplifier, T A =25°C, Vpp =PVpp =5V, R =8 Q, Gain = all gains
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po Output power THD =0.1%, f=1kHz 15 w
THD+N  Total harmonic distortion plus noise Po=05W, f=20Hz to 20 kHz <0.2%
Bom Maximum output power bandwidth THD = 1% 20 kHz
ksvR Supply ripple rejection ratio f=1kHz, CBypass = 1 uF -71 dB
SNR Signal-to-noise ratio 85 dB
Vn Noise output voltage Cpypass =1 uF,  f=20Hzto 20 kHz 20 UWRMS
Z) Input impedance >15 kQ

operating characteristics, headphone amplifier, T a =25°C, Vpp=PVpp=5V,R =32Q, Gain=1V/NV
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Po Output power THD =0.1%, f=1kHz 90 mwW
THD+N  Total harmonic distortion plus noise Po=75mW, f=20Hzto20kHz <0.2%
Bowm Maximum output power bandwidth THD = 1% 20 kHz
ksvr Supply ripple rejection ratio f=1kHz, Cpypass = 1 uF -42 dB
SNR Signal-to-noise ratio 80 dB
Vi Noise output voltage Cpypass =1 uF, =20 Hzto 20 kHz 20 UWWRMS

Table 1. Gain Settings

AMPLIFIER GAIN INPUT IMPEDANCE
GAINL | GAINO (dB) (k)
TYP TYP
0 0 6 104
0 1 12 74
1 0 18 44
1 1 235 24
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TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
Efficiency vs Output power 2,3
FFT at 1.5-W Output Power vs Frequency 4
Supply current vs Free-air temperature 5
Total harmonic distortion + noise vs Frequency 6,7
Total harmonic distortion + noise vs Output power 8,9
Class-D gain and phase vs Frequency 10
Class-D crosstalk vs Frequency 11
Power dissipation vs Output power 12
FFT at 1.5-W output power vs Frequency 13
Supply voltage rejection ratio vs Frequency 14
Headphone total harmonic distortion + noise vs Frequency 15, 16, 22
Headphone total harmonic distortion + noise vs Output power 17
Headphone closed-loop gain and phase vs Frequency 18
Headphone open-loop gain and phase vs Frequency 19
Headphone crosstalk vs Frequency 20, 24
Headphone supply voltage rejection ratio vs Frequency 21
Headphone total harmonic distortion + noise vs Output voltage 23
Headphone supply current vs Output voltage 25
Headphone supply current vs Output power 26

test set-up for graphs

The THD+N measurements shown do not use an LC output filter, but use a low pass filter with a cut-off frequency
of 20 kHz so the switching frequency does not dominate the measurement. This is done to ensure that the
THD+N measured is just the audible THD+N. The THD+N measurements are shown at the highest gain for
worst case.

The LC output filter used in the efficiency curves (Figure 2 and Figure 3) is shown in Figure 1.

L1=1L2=22uH (DCR =110 mQ,
Part Number = SCD0703T-220 M-S,
Manufacturer = GCI)

Cl=C2=1uF
The ferrite filter used in the efficiency curves (Figure 2 and Figure 3) is shown in Figure 1, where L is a ferrite
bead.
L1 = L2 = ferrite bead (part number = 2512067007Y3, manufacturer = Fair-Rite) C1=C2=1nF
L1
OuUT+ 9
Ta
ouT- Yy AS
L2 I co

Figure 1. Class-D Output Filter
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION + NOISE

CLASS-D GAIN AND PHASE
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TYPICAL CHARACTERISTICS
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THD+N - Total Harmonic Distortion Distortion + Noise — %

TYPICAL CHARACTERISTICS
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Open-Loop Gain - dB

Crosstalk — dBV

TYPICAL CHARACTERISTICS
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kSVR_ Supply Voltage Rejection Ratio — dB

THD+N - Total Harmonic Distortion Distortion + Noise — %

TYPICAL CHARACTERISTICS
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eliminating the output filter with the TPA2000D4

This section will focus on why the user can eliminate the output filter with the TPA2000D4.
effect on audio

The class-D amplifier outputs a pulse-width modulated (PWM) square wave, which is the sum of the switching
waveform and the amplified input audio signal. The human ear acts as a band-pass filter such that only the
frequencies between approximately 20 Hz and 20 kHz are passed. The switching frequency components are
much greater than 20 kHz, so the only signal heard is the amplified input audio signal.

traditional class-D modulation scheme

The traditional class-D modulation scheme, which is used in the TPA0OO5Dxx family, has a differential output
where each output is 180 degrees out of phase and changes from ground to the supply voltage, Vpp. Therefore,
the differential prefiltered output varies between positive and negative Vpp, where filtered 50% duty cycle yields
0 V across the load. The traditional class-D modulation scheme with voltage and current waveforms is shown
in Figure 27. Note that even at an average of 0 V across the load (50% duty cycle), the current to the load is
high thus, causing a high supply current.

OUT+
\ \ \ \
OouUT-
\ \ \ \
5V —
Differential Voltage
oV —
Across Load
_5 V J—

Current

Figure 27. Traditional Class-D Modulation Scheme’s Output Voltage and Current Waveforms Into an
Inductive Load With No Input

TPA2000D4 modulation scheme

The TPA2000D4 uses a modulation scheme that still has each output switching from 0 to the supply voltage.
However, OUT+ and OUT- are now in phase with each other with no input. The duty cycle of OUT+ is greater
than 50% and OUT- is less than 50% for positive voltages. The duty cycle of OUT+ is less than 50% and OUT-
is greater than 50% for negative voltages. The voltage across the load sits at 0 V throughout most of the
switching period greatly reducing the switching current, which reduces any I2R losses in the load.
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OoUT+ I
ouT- | \ | | | \ |

\

Differential 5V — ﬁ \ I‘i ‘ Output=0V
Volt \ \
oltage oV ! |
Across IJ ”
Load SV | |
| \

Current ——— = ——— == —

\
ouT+ —‘>| [— —>| |<‘—
OuT- | l\ \l | | l\ \l | Output>0V
Differential 5V —
voltage gy |\| |\| |\| |\|
Across \ \ \ \
Load SV \ \ \ \

Current —————— ‘ ‘ ‘ ‘

Figure 28. The TPA2000D4 Output Voltage and Current Waveforms Into an Inductive Load

efficiency: why you must use a filter with the traditional class-D modulation scheme

The main reason that the traditional class-D amplifier needs an output filter is that the switching waveform
results in maximum current flow. This causes more loss in the load, which causes lower efficiency. The ripple
current is large for the traditional modulation scheme because the ripple current is proportional to voltage
multiplied by the time at that voltage. The differential voltage swing is 2 x Vpp and the time at each voltage is
half the period for the traditional modulation scheme. An ideal LC filter is needed to store the ripple current from
each half cycle for the next half cycle, while any resistance causes power dissipation. The speaker is both
resistive and reactive, whereas an LC filter is almost purely reactive.

The TPA2000D4 modulation scheme has very little loss in the load without a filter because the pulses are very
short and the change in voltage is Vpp instead of 2 x Vpp. As the output power increases, the pulses widen,
making the ripple current larger. Ripple current could be filtered with an LC filter for increased efficiency, but for
most applications the filter is not needed.

An LC filter with a cutoff frequency less than the class-D switching frequency allows the switching current to flow
through the filter instead of the load. The filter has less resistance than the speaker that results in less power
dissipated, which increases efficiency.
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effects of applying a square wave into a speaker

Audio specialists have said for years not to apply a square wave to speakers. If the amplitude of the waveform
is high enough and the frequency of the square wave is within the bandwidth of the speaker, the square wave
could cause the voice coil to jump out of the air gap and/or scar the voice coil. A 250-kHz switching frequency,
however, is not significant because the speaker cone movement is proportional to 1/f2 for frequencies beyond
the audio band. Therefore, the amount of cone movement at the switching frequency is very small. However,
damage could occur to the speaker if the voice coil is not designed to handle the additional power. To size the
speaker for added power, the ripple current dissipated in the load needs to be calculated by subtracting the
theoretical supplied power, Psyp THEORETICAL. from the actual supply power, Pgyp, at maximum output power,
PouT The switching power dissipated in the speaker is the inverse of the measured efficiency, N\mMEASURED:
minus the theoretical efficiency, N"THEORETICAL-

Pspkr = Psup — Psup THEORETICAL (at max output power) (1)
Pspkr = Psup/ PouT — Psup THEORETICAL / PouT (at max output power) (2)
Pspkr = MMEASURED — UMTHEORETICAL (&t max output power) 3

The maximum efficiency of the TPA2000D4 with an 8-Q load is 85%. Using equation 3 with the efficiency at
maximum power from Figure 2 (78%), we see that there is an additional 106 mW dissipated in the speaker. The
added power dissipated in the speaker is not an issue as long as it is taken into account when choosing the
speaker.

when to use an output filter

Design the TPA2000D4 without the filter if the traces from amplifier to speaker are short. The TPA2000D4
passed FCC and CE radiated emissions with no shielding with speaker wires 8 inches long or less. Notebook
PCs and powered speakers where the speaker is in the same enclosure as the amplifier are good applications
for class-D without a filter.

A ferrite bead filter can often be used if the design is failing radiated emissions without a filter, and the frequency
sensitive circuit is greater than 1 MHz. This is good for circuits that just have to pass FCC and CE because FCC
and CE only test radiated emissions greater than 30 MHz. If choosing a ferrite bead, choose one with high
impedance at high frequencies, but very low impedance at low frequencies.

Use an output filter if there are low frequency (< 1 MHz) EMI sensitive circuits and/or there are long leads from
amplifier to speaker.

gain setting via GAINO and GAINL1 inputs
The gain of the TPA2000D4 is set by two input terminals, GAINO 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, Z|, to be dependent on the gain setting. The actual gain settings are controlled
by ratios of resistors, so the actual gain distribution from part-to-part is quite good. 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 20 kQ, which is the absolute minimum input impedance of the TPA2000D4. At the higher gain
settings, the input impedance could increase as high as 115 kQ.
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Table 2. Gain Settings

AMPLIFIER GAIN INPUT IMPEDANC
GAIN1 | GAINO (dB) (kQ)
TYP TYP
0 0 6 104
0 1 12 74
1 0 18 44
1 1 235 24

input resistance

Each gain setting is achieved by varying the input resistance of the amplifier, which can range from its smallest
value to over 6 times that value.

Zz
Input \| IN :
Signal /l

The -3 dB frequency can be calculated using equation 4:

f =L
-3dB "~ 2xnC, Z (4)
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input capacitor, C

In the typical application an input capacitor, C|, is required to allow the amplifier to bias the input signal to 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 corner frequency determined in equation 5.

_—
-3dB

Fo S 5)
clhighpass) = 777G,

fc

The value of C, is important as it directly affects the bass (low frequency) performance of the circuit. Consider
the example where Z; is 20 kQ2 and the specification calls for a flat bass response down to 80 Hz. Equation 5
is reconfigured as equation 6.

' 2nz fe (6)

In this example, Cy is 0.1 uF, so one would likely choose a value in the range of 0.1 uF to 1 uF. If the gain is known
and is constant, use Z, from Table 1 to calculate C;. A further consideration for this capacitor is the leakage path
from the input source through the input network (C;) 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 Vpp/2, which is likely higher than the source dc level. Note that it is important to
confirm the capacitor polarity in the application.

C| must be 10 times smaller than the bypass capacitor to reduce clicking and popping noise from power on/off
and entering and leaving shutdown. After sizing ClI for a given cutoff frequency, size the bypass capacitor to 10
times that of the input capacitor.

Ci<Cpgpyp/10 (7

switching frequency

The switching frequency is determined using the values of the components connected to Rogc (pin 18) and
Cosc (pin 19) and is calculated with the following equation:

6.6
OSsC C

f =

° R osc 8)
The switching frequency was chosen to be centered on 250 kHz. This frequency represents the optimization
of audio fidelity due to oversampling and the maximization of efficiency by minimizing the switching losses of
the amplifier. The recommended values are a resistance of 120 kQ and a capacitance of 220 pF. Using these
component values, the amplifier operates properly by using 5% tolerance resistors and 10% tolerance
capacitors. The tolerance of the components can be changed, as long as the switching frequency remains

between 200 kHz and 300 kHz. Within this range, the internal circuitry of the device provides stable operation.
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gain setting resistors, R g and R| for HP amplifier

The voltage gain for the TPA2000D4 headphone amplifier is set by resistors Rg and R} according to equation 9.

_ Re | Re
Gain = — ﬁl or Gain (dB) = 20 log ﬁl 9)

Given that the TPA2000D4 is a MOS amplifier, the input impedance is very high. Consequently input leakage
currents are not generally a concern, although noise in the circuit increases as the value of Rg increases. In
addition, a certain range of Rg values is required for proper start-up operation of the amplifier. Taken together
it is recommended that the effective impedance seen by the inverting node of the amplifier be set between
5 kQ and 20 kQ. The effective impedance is calculated in equation 10.
Effective Imped ReR,
ective Impedance = m (10)

As an example, consider an input resistance of 20 kQ and a feedback resistor of 20 kQ. The gain of the amplifier
would be -1 and the effective impedance at the inverting terminal would be 10 kQ, which is within the
recommended range.

For high performance applications, metal film resistors are recommended because they tend to have lower
noise levels than carbon resistors. For values of Rg above 50 k€, the amplifier tends to become unstable due
to a pole formed from Rg and the inherent input capacitance of the MOS input structure. For this reason, a small
compensation capacitor of approximately 5 pF should be placed in parallel with Rg. This, in effect, creates a
low-pass filter network with the cutoff frequency defined in equation 11.
fo = —2L (11)
ZnRFCF

For example, if Rg is 100 kQ and Cg is 5 pF then f; is 318 kHz, which is well outside the audio range.

For maximum signal swing and output power at low supply voltages like 1.6 V to 3.3 V, BYPASS is biased to
Vpp/4. However, to allow the output to be biased at Vpp/2, a resistor, R, equal to Rg must be placed from the
negative input to ground.

input capacitor, C | for HP amplifier

In the typical application, an input capacitor, Cy, is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, C; and R| form a high-pass filter with the corner frequency
determined in equation 12.

1
27R,C, (12)

fC=

The value of C; is important to consider, as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where R is 20 kQ and the specification calls for a flat bass response down to 20 Hz.
Equation 4 is reconfigured as equation 13.

_ 1
€ = 2nR fe (13)

In this example, C; is 0.40 pF, so one would likely choose a value in the range of 0.47 uF to 1 uF. A further
consideration for this capacitor is the leakage path from the input source through the input network (R;, C|) and
the feedback resistor (Rg) 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 (>10). 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 Vpp/4, which is
likely higher than the source dc level. It is important to confirm the capacitor polarity in the application.
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output coupling capacitor, C ¢ for HP amplifier

In the typical single-supply single-ended (SE) configuration, an output coupling capacitor (C¢) is required to
block the dc bias at the output of the amplifier, thus preventing dc currents in the load. As with the input coupling
capacitor, the output coupling capacitor and impedance of the load form a high-pass filter governed by
equation 14.

fo= 1
¢ = 2aR Cg (14)

The main disadvantage, from a performance standpoint, is that the typically small load impedances drive the
low-frequency corner higher. Large values of C¢ are required to pass low frequencies into the load. Consider
the example where a C¢ of 68 uF is chosen and loads vary from 32 Q to 47 kQ. Table 3 summarizes the
frequency response characteristics of each configuration.

Table 3. Common Load Impedances vs Low Frequency Output Characteristics in SE Mode

RL Cc Lowest Frequency

32Q 68 uF 73 Hz
10,000 Q 68 uF 0.23 Hz
47,000 Q 68 UF 0.05 Hz

As Table 3 indicates, headphone response is adequate and drive into line level inputs (a home stereo for
example) is very good.

The output coupling capacitor required in single-supply SE mode also places additional constraints on the
selection of other components in the amplifier circuit. With the rules described earlier still valid, add the following
relationship:

1 -1 _ 1
(CBXSSkQ) (CIRI) R Cc

(15)

power supply decoupling, C g

The TPA2000D4 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 0.1 uF, placed as close as possible to the device Vpp lead works best. For
filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF or greater, placed near
the audio power amplifier is recommended.

midrail bypass capacitor, C pgyp

The midrail bypass capacitor, Cgyp, is the most critical capacitor and serves several important functions. During
start-up or recovery from shutdown mode, Cgyp 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.

Bypass capacitor (Cgyp) values of 0.47-uF to 1-uF ceramic or tantalum, low-ESR capacitors are recommended
for the best THD and noise performance.
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midrail bypass capacitor, C gyp (continued)

Increasing the bypass capacitor reduces clicking and popping noise from power on/off and entering and leaving
shutdown. To have minimal pop, Cgyp should be 10 times larger than C;.

Cgyp 210xC (16)

differential input

The differential input stage of the amplifier cancels any noise that appears on both input lines of a channel. To
use the TPA2000D4 EVM with a differential source, connect the positive lead of the audio source to the RINP
(LINP) input and the negative lead from the audio source to the RINN (LINN) input. To use the TPA2000D4 with
a single-ended source, ac ground the RINN and LINN inputs through a capacitor and apply the audio single to
the RINP and LINP inputs. In a single-ended input application, the RINN and LINN inputs should be ac-grounded
at the audio source instead of at the device inputs for best noise performance.

shutdown modes

The TPA2000D4 employs a shutdown mode of operation designed to reduce supply current, Ipp, 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 ampilifier is in use. Pulling SHUTDOWN low causes the
outputs to mute and the amplifier to enter a low-current state, Ipp(sp) = 0.05 uA. SHUTDOWN should never be
left unconnected because amplifier operation would be unpredictable.

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.
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPA2000D4DAP Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40to 85 TPA2000D4
TPA2000D4DAP.A Active Production HTSSOP (DAP) | 32 46 | TUBE Yes NIPDAU Level-3-260C-168 HR -40to 85 TPA2000D4
TPA2000D4DAPR Active Production HTSSOP (DAP) | 32 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 TPA2000D4

TPA2000D4DAPR.A Active Production HTSSOP (DAP) | 32 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 TPA2000D4

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that 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 TI 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPA2000D4DAPR HTSSOP| DAP 32 2000 330.0 24.4 8.6 115 1.6 12.0 | 240 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPA2000D4DAPR HTSSOP DAP 32 2000 350.0 350.0 43.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPA2000D4DAP DAP HTSSOP 32 46 530 11.89 3600 4.9
TPA2000D4DAP.A DAP HTSSOP 32 46 530 11.89 3600 4.9
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GENERIC PACKAGE VIEW
DAP 32 PowerPAD™ TSSOP - 1.2 mm max height

8.1 x 11, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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MECHANICAL DATA

DAP (R—PDS0—-G32) PowerPAD™ PLASTIC SMALL—OUTLINE PACKAGE
11,10
10,90
32 17
LA AN ‘
r———--—- T —=—= |
! THERMAL PAD !
I I
SIZE AND SHAPE 6,20 B
SHOWN ON SEPARATE SHEET 6,00 / N
: : 8,30
I | 7,90
L _
O
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0,19
0,65 030
[]0,10 @
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A Ty Seoting Plone 4L 471 s
AN /
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0,05 E :
4073257-4/E 10/11
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literatur
recommended board layout. This document is available
Falls within JEDEC MO-153 Variation DCT.

PowerPAD is a trademark of Texas Instruments.

e No. SLMAQQ2 for information regarding
at www.ti.com <http: //www.ti.com>.
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THERMAL PAD MECHANICAL DATA

DAP (R-PDSO-G32) PowerPAD"™ PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQ? and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4,
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

32 17
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] N T T

b | e

ST 4 005 4 T T L
4x 0,27 -‘1| i L2x 0,70
BERLEEEE LR REL LN

Exposed Thermal Pad Dimensions

4206319-3/M  09/13

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments.
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LAND PATTERN DATA

DAP (R—PDS0—G32)

PowerPAD™ PLASTIC SMALL OUTLINE PACKAGE

32x90,20—

Example Board Layout
Via pattern and copper pad size

Stencil Openings
Based on a stencil thickness

may vary depending on layout constraints of .127mm (.005inch).
Reference table below for other
solder stencil thicknesses

32X 0,3 —=] |=—

TITIITTi00y

Soldermask
over copper

11,0

32X 1,8

(See Note E) —

—

7,4

f.11 7.4

"

o

X
3

| ——

Center Power Pad Solder Stencil Opening
/ ‘ Stencil Thickness X Y
/0,07 —m— \ 0.1mm 291 | 463
/Al Around \ 0.127mm 4.36 411
: : 0.152mm 3.99 3.76
\ ..V\/.\Pad oty 0.178mm 3.68 3.47
\ 0,3 —=T F=— /

4,

i

| Solder Mask
30X 0,65 Defined Pad
(See Note C, D)

AN

30X 0,65 —=| |J=—

T

Example Solder Mask Opening
(See Note F)

e

4210213-2/E 01/14

NOTES:

F.

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMA002, SLMAQQ4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
Contact the board fabrication site for recommended soldermask tolerances.

PowerPAD is a trademark of Texas Instruments
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PACKAGE OUTLINE
DAPO0032C PowerPAD™ TSSOP - 1.2 mm max height

4

PLASTIC SMALL OUTLINE

8.3

|-
@ 79 TYP
PIN 1 ID AREA 30X 0 o5
1 :f =32 lﬁ
— 1
—: —
| — —
—/ —
—/ —
111 —/ —
10'9 —/ — ox
NOTE 3 —] —
—/ —
—/ —
—/ —
—/ —
—/ —
—/ —
16— —— =1 J
L 17 1 0.30
32X 0.19
6.2
IJ% S — & [01@ [C[A]]

11 /

—
S
N
RS
_‘
<
o

J\'-/’
SEE DETAIL A

—] —
—] —
—] 3.04 —
— 2.46 — EXPOSED
—] { THERMAL PAD
— ’ﬁ —
—] —
3.74 —] '/ —
3.16 —] —
—] —
—1  — +
L
2X (0.6) 44 F — 2X (0.15) 0°-8 0.50 0.05
NOTE 5
— — NOTE 5
— — DETAIL A
— — TYPICAL
4223691/A 05/2017
NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ and may not be present.
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EXAMPLE BOARD LAYOUT
DAPO0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(5.2)
NOTE 9 SOLDER MASK
(3.04) DEFINED PAD

32X (1.5
5 SEMM SEE DETAILS
I foeeeens -

S e
a2x a5 1 | | ]
= » =
=1 - C [ ]
30X (0.65) — ! |
oo o,
SYMM i \ (11)
(A S I | NOTE 9
¢ e —5 G
% 1 | % 1.2TYP)
i I e} | I V
0.2) TYP E/ l C 1]
! |
(R0.05) TYP C 1] = o 1)
‘
16 e o ‘ 17
\ A \
,,,,,,,,,,,,,,,,,,, |
METAL COVERED—" !
BY SOLDER MASK | (0.65) TP |
‘ (1.3) TYP ‘
R 0 N
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X
METAL UNDER
SOLDER MASK METAL SOLDER MASK
OPENING \ OPENING‘\ SOLDER MASK
o )
EXPOSED METAL EXPOSED METAL— | ‘
L 0.05 MAX #L 0.05 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
NOT TO SCALE
4223691/A 05/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO02 (www.ti.com/lit/sima002) and SLMAO004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN

DAPO0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(3.04)
BASED ON
0.125 THICK

32X (1.5) STENCIL

o

1
==
— 7

w
N

30X (0.65) — %

SYMM

|

(3.74)
BASED ON
0.125 THICK
STENCIL

DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

METAL COVERED \
BY SOLDER MASK | SEMM \

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:8X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.40 X 4.18
0.125 3.04 X 3.74 (SHOWN)
0.15 2.78 X 3.41
0.175 2.57 X 3.16

4223691/A 05/2017

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

11. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
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