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AVAILABLE OPTIONS

PACKAGED DEVICE «6% %%ﬁm%i‘j‘%
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—40°C to0 85°C TPA3002D2PHP BRI D T2 AR T2 5588 7% 7734 Z DIEIC
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FUNCTIONAL BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted(")

UNIT

Supply voltage range: AVce, PVee -0.3Vto 15V

MODE, VREF, VARDIFF, VARMAX, VOLUME 0V to 5.5V
Input voltage range, V, SD —0.3V to Vg + 0.3V

RINN, RINP, LINN, LINP -0.3Vto 7V

AVpp 120mA
Supply current

AVDDREF 10mA
Output current, VAROUTL, VAROUTR 20mA
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, Tp —40°C to 85°C
Operating junction temperature range, T —40°C to 150°C
Storage temperature range, Tgg —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 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.

PACKAGE DISSIPATION RATINGS

PACKAGE T <25°C DERATING FACTOR Tp=70°C T, =85°C
PHP 43W 34.7 mw/ect) 27W 22W

(1) The PowerPAD must be soldered to a thermal land on the printed circuit board. Please refer to the
PowerPAD Thermally Enhanced Package application note (SLMA002).

RECOMMENDED OPERATING CONDITIONS

MIN MAX UNIT
Supply voltage, Vg PVce, AVee 8.5 14 \Y
Volume reference voltage VREF 3.0 5.5 \
Volume control pins, input voltage VARDIFF, VARMAX, VOLUME 55 \'
High-level input volt: V SD 2 \
igh-level input voltage,
9 P 98 ¥l MODE 35
) SD 0.8
Low-level input voltage, V| \
MODE 2
High-level output voltage, Vo MODE_OUT, lpgy=1mA AVpp —100mV Vv
Low-level output voltage, Vo MODE_OUT, lg.=-1mA AGND+100mV Vv
) ) MODE, V,=5V, Vgc=14V 1 uA
High-level input current, Iy —
SD, V=14V, Vgc=14V 30 uA
) MODE, V,=0V, Vgc=14V 1 uA
Low-level input current, I —
SD, V=0V, Vgc=14V 1 uA
Oscillator frequency, fosc 225 275 kHz
Operating free-air temperature, Ty —40 85 °C
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DC ELECTRICAL CHARACTERISTICS

Ta=25C, Ve = 12V, R = 8Q (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
[ Vos | Class-D Output offset voltage INN and INP connected together, 10 65 mv
0s (measured differentially) Gain = 36dB
. . 0.45x 0.5x 0.55x
V2P5 (terminal 4) 2.5-V Bias voltage No load AVpp AVpp AVpp Vv
AVpp 5-V Regulated output lo=0t0100mA, SD =2V, Vcg=8Vto 14V 45 5.0 55 Vv
PSRR Class-D power supply rejection ratio Voo =11.5Vto 12,5V -80 dB
Icc(class-D) Class-D mode quiescent current MODE =2V, SD=2V 16 28.5 mA
lccvarout) Variable output mode quiescent current | MODE = 3.5V, SD=2v 7 9 mA
Class-D mode RMS current at max
ICC((:Iass-D — max power) power RL=8Q, Po=9W 2 A
lcc(sp) Supply current in shutdown mode SD=08V 1 10 uA
Voo = 12V, High side 300
Ids(on) Drain-source on-state resistance lo=1A, Low side 250 mQ
Ty=25°C Total 550 590
AC ELECTRICAL CHARACTERISTICS FOR CLASS-D OUTPUTS
Ta=25C, Vg = 12V, R = 8Q (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. _— ) Vce = 11.5V to 12.5V from 10Hz to 1kHz,
Ksvr Supply ripple rejection ratio Gain = 36dB 67 dB
. THD+N = 1%, f=1kHz, R_=8Q 7.5 w
Po Continuous output power
THD+N = 10%, f=1kHz, R_=8Q 9 W
79 uv
20Hz to 22kHz, No filter, Gain = 0.5dB
-82 dBv
Vn Output integrated noise floor
20Hz to 22kHz, A-weighted filter, 100 uv
Gain = 13.2dB -80 dBV
Crosstalk, Class-D-Left — Class-D-Right Gain=13.2dB, Pgo=1W, R_=8Q -77 dB
Crosstalk, Class-D — VAROUT Maximum output at THD < 0.5%, Gain = 36dB -63 dB
. . . Maximum output at THD+N < 0.5%,
SNR Signal-to-noise ratio f= 1kHz, Gain = 36dB 96 dB
Thermal trip point 150 °C
Thermal hystersis 20 °C
CHARACTERISTICS FOR VAROUT OUTPUTS
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Measured between V2P5 and VAROUT,
Vos | Output offset voltage Gain = 20dB, R, = 10kQ 10 mV
o . . Ay=73dB, f=1kHz, Po=6mW, R_=32Q 0.025%
THD+N Total harmonic distortion + noise
Ay=7.3dB, f=1kHz, R_=2kQ, Vo=1 Ve 0.002%
PSRR DC power supply rejection ratio Gain = 20dB 74 dB
ksvr Supply ripple rejection ratio Gain =20dB, f=1kHz -95 dB
Crosstalk, VAROUTL — VAROUTR Maximum output at THD < 0.5%, Gain =20dB -60 dB
Crosstalk, VAROUT — Class-D Maximum output at THD < 0.5%, Gain =20dB -74 dB
) ) 20Hz to 22kHz, Gain =20dB 75
Vp Output integrated noise floor - uv
20Hz to 22kHz, Gain =-0.3dB 15
3 Texas
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VOLTAGE ON THE VOLTAGE ON THE
PERCENTAGEOF VREF |  PERCENTAGE OF GAIN OF CLASS-D
(INCREASING VOLUME VREF (DECREASING

OR FIXED GAIN) VOLUME)

% % dB
0-45 0-29 -75(1
45-6.7 29-5.1 —40.0
6.7 - 8.91 51-7.2 -375
8.9-11.1 72-94 -35.0

11.1-13.3 9.4-116 -32.4
13.3-15.5 11.6-13.8 -29.9
15.5-17.7 13.8-16.0 —27.4
17.7-19.9 16.0-18.2 —24.8
19.9 - 221 18.2-20.4 223
221-24.3 20.4-22.6 -19.8
24.3-26.5 226-24.8 -17.2
26.5-28.7 24.8-27.0 -14.7
28.7-30.9 27.0-29.1 -12.2
30.9 - 33.1 20.1-31.3 -9.6
33.1-35.3 31.3-335 74
35.3-37.5 335-35.7 -4.6
37.5-39.7 35.7-37.9 -2.0
39.7-41.9 37.9-40.1 0.5t
41.9 - 4441 401 -42.3 3.1
441 -46.4 423-44.5 5.6
46.4-48.6 44.5-46.7 8.1
48.6 -50.8 46.7 - 48.9 10.7
50.8 — 53.0 48.9-51.0 13.2
53.0 - 55.2 51.0-53.2 15.7
55.2-57.4 53.2-55.4 18.3
57.4-59.6 55.4 —57.6 20.8
59.6 —61.8 57.6-59.8 23.3
61.8-64.0 59.8 - 62.0 25.9
64.0 — 66.2 62.0 - 64.2 28.4
66.2 — 68.4 64.2 - 66.4 30.9
68.4-70.6 66.4 — 68.6 335
>70.6 >68.6 36.0()

(1) Tested in production. Remaining steps are specified by design.

Z1. DC Volume Control for Class-D Outputs
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VAROUT_VOLUME (V)
- FROM FIGURE 35 —
AS A PERCENTAGE OF

VAROUT_VOLUME (V)
— FROM FIGURE 35 —
AS A PERCENTAGE OF

GAIN OF VAROUT

VREF (INCREASING VREF (DECREASING AMPLIFIER
VOLUME OR FIXED GAIN) VOLUME)
% % dB
0-45 0-29 -66(")
45-6.7 29-5.1 -56.0
6.7 - 8.91 51-7.2 -53.5
8.9-11.1 72-94 -50.9
11.1-13.3 9.4-116 -48.4
13.3-155 11.6-13.8 —-45.9
15.5-17.7 13.8-16.0 -43.3
17.7-19.9 16.0 —18.2 -40.8
19.9-22.1 18.2 - 20.4 -38.3
221-24.3 20.4-22.6 -35.7
24.3-26.5 22.6-24.8 -33.2
26.5-28.7 24.8-27.0 -30.7
28.7-30.9 27.0-29.1 -28.1
30.9-33.1 29.1-31.3 -25.6
33.1-35.3 31.3-335 -23.1
35.3-37.5 33.5-35.7 -20.5
37.5-39.7 35.7-37.9 -18.0
39.7-41.9 37.9-40.1 -15.5
41.9-441 40.1-42.3 -13.00
441 -46.4 42.3-445 -10.4
46.4 - 48.6 44.5-46.7 -7.9
48.6 -50.8 46.7 - 48.9 -5.3
50.8 - 53.0 48.9-51.0 -2.8
53.0 - 55.2 51.0 - 53.2 -0.3
55.2-57.4 53.2-55.4 2.3
57.4-59.6 55.4 —57.6 4.8
50.6-61.8 57.6-59.8 7.3
61.8-64.0 59.8 - 62.0 9.9
64.0 - 66.2 62.0 — 64.2 12.4
66.2 — 68.4 64.2 - 66.4 14.9
68.4-70.6 66.4 — 68.6 17.5
>70.6 >68.6 20.0(M

(1) Tested in production. Remaining steps are specified by design.

2. DC Volume Control for VAROUT Outputs
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TYPICAL CHARACTERISTICS

TABLE OF GRAPHS
FIGURE
Class-D Efficiency vs Output power
Po Class-D Output power vs Load resistance 2
vs Supply voltage 3
lec Class-D Supply current vs Supply voltage 4
vs Output Power 5
losd) Shutdown supply current vs Supply voltage 6
Class-D Input resistance vs Gain 7
THD+N Class-D Total harmonic distortion + noise vs Frequency 89
vs Output power 10, 11
ksvr Class-D Supply ripple rejection ratio vs Frequency 12
Class-D Closed loop response 13
Class-D Intermodulation performance 14
Class-D Input offset voltage vs Common-mode input voltage 15
Class-D Crosstalk vs Frequency 16
Class-D Mute attenuation 17
Class-D Shutdown attenuation ve Frequency 18
Class-D Common-mode rejection ratio vs Frequency 19
VAROUT Input resistance vs Gain 20
VAROUT Noise vs Frequency 21
VAROUT Closed Loop Response 22
VAROUT Common-mode rejection ratio vs Frequency 23
VAROUT Crosstalk vs Frequency 24
vs Output power 25
THD+N VAROUT Total harmonic distortion + noise vs Output voltage 26
vs Frequency 27
ksvr VAROUT Supply ripple rejection ratio vs Frequency 28
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Efficiency — %

Po — Output Power - W

10

EFFICIENCY

Vs
OUTPUT POWER
100 |
RL=8Q
90 L —
—
80 /’
70 / BI
60 g
o
/ $
s
40 8
1
30 n?
20 vee=12v, _|
Class-D,
10 LC Filter, _]
Resistive Load
0 I
0 2 4 6 8 10
Po — Output Power - W
X1
OUTPUT POWER
Vs
SUPPLY VOLTAGE
14
12 /
<
/ E
10 b A é—
8 Q Speaker / / ¢
10% THD+N / 3
8 \ >
}/ rd g
Q.
=]
/< E
6 e ~ 1
/ / 8 Q Speaker 8
v / 1% THD+N -
4= I
Ta =25°C
2 |
85 9 10 1 12 13 14
Vce - Supply Voltage -V
X3
3 7
EXAS

OUTPUT POWER

Vs
LOAD RESISTANCE

16 T
f=1kHz,

14 LC Filter, |
Class-D,
Resistive Load,

121~ Vec =12V, Ta =25°C ]

10 / Ve =12V,
\¢ THD =1%
. _
6 QE\\
\ \
VCC =8.5 V, VCC =8.5 V,
THD = 10% THD =1%
8 10 12 14 16

RL — Load Resistance — Q

X2
SUPPLY CURRENT
Vs
SUPPLY VOLTAGE
SD=2V,
16}~ MODE =2V, ,/
Class-D,
No Load
15 //
13 //
12
11
10
85 9 10 1 12 13 14

Vcc - Supply Voltage -V
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Icc — Supply Current — A

RL - Input Resistance — kQ

SUPPLY CURRENT SHUTDOWN SUPPLY CURRENT
Vs Vs
OUTPUT POWER SUPPLY VOLTAGE
2.5 T 2.2 T
Vcc=12V, SD=0V
MODE =2V, < 2~ No Load
Class-D, ?
2.0[ stereo, £ 18 >
TA =25°C / £ /
5 A
o 1.6
1.5 — z //
e 14
o ~
c e
8 Q H 1.2 /
1.0 3 Ve
5
2 1
16Q @
0.5 s 0.8
o
O 06
] 0.4
0 5 10 15 20 85 9 10 11 12 13 14
Po — Output Power - W Vcc - Supply Voltage - V
X5 X6
INPUT RESISTANCE TOTAL HARMONIC DISTORTION + NOISE
Vs vs
GAIN FREQUENCY
120 T 1 T T
Class-D T - ;CC Z?_z v
o L=
100 ———N 2 ~ Gain = +36 dB
\ 4 |~ Class-D
+
c Po=3W
80 AN -,g A~
2 f”'.‘- N
= v N
Q o NN
60 g 01 T PO =0.25W N
o 7,
£ N s \,
& A\ B AN
40 T A\ P A N N\
1 "4
\ 2 / ” Po=15W N
| N A N
20 ! N1
N z
\ a
I
(] F o0.01
-50 -30 -10 10 30 50 20 100 1k 10k
Gain - dB f — Frequency — Hz
X7 X8
i
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THD+N — Total Harmonic Distortion + Noise — %

THD+N — Total Harmonic Distortion + Noise — %

12

TOTAL HARMONIC DISTORTION + NOISE

TOTAL HARMONIC DISTORTION + NOISE

Vs Vs
FREQUENCY OUTPUT POWER
1 T T T T TTI 10 o s
— Vee=12V N — Vec=8V
~ RL=8Q o — RL=80Q
[ Gain = +36 dB 5 — Gain = +13.2dB
Class-D =2 | Class-D
-
c
2 1
S
Q PO=5W PO=05W B
0.1 SN ) — f=1kHz
S “ = s I AT ]
: 3 TN
\ \ x| T o1 =20 Hz il
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MUTE ATTENUATION

SHUTDOWN ATTENUATION
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Noise FFT — dBV
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TOTAL HARMONIC DISTORTION + NOISE
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OUTPUT POWER vs
20 S OUTPUT VOLTAGE
& 7Vcc=12V, / S 20 L
! 10§RL=329, / I 10} Vec=12V, l
2 " Gain = +6 dB, / 2 - RL=10kQ, {
4 | VAROUT 1 3 - Gain = +6 dB,
n 2 + 2L VAROUT
s 1 > § 1
£ S B S S Rt R i E=]
S n 5
o l,l @
o o .
© 0.2 f=1kHz I 3 g f
S 0.1 : f = 20 kHz I
]
E 2 | £ S
— N
T ~ o —— £ 002 N[ f=1kHz
2 0.02 | | TN £ o0 o~
i 0.01 aoh ~ 2 —
= Z ~N
. 2 ~ |
<
a [
T Z 0.001
0.001 20m 100m 100 m 2
20 1001 200 1m 2m 10m 20m
Vo — Output Voltage - VRMmS
Po — Output Power - W
X125 X126
TOTAL HARMONIC DISTORTION + NOISE SUPPLY RIPPLE REJECTION RATIO
Vs Vs
FREQUENCY FREQUENCY
2 107 o i -40 T T T T TTTT
1 - Vcc=12V, m Vecc =12V
& - RL=32Q, 9 VAROUT
2 - Po=5mW, g 0
+ 2 Gain = +7.9 dB, 5
c
-‘é 4| VAROUT 5 60
g
@2 = Y
8 & -70 y /
— ()
S 02 s /|
£ 2
= T -80
g o041 -
S
E & /
L > UI, -90 /
I N
E 0.02 P ’/ \\ g M~ b
a < 9 —100
I  0.01
= S —
0.005 -110
20 100 1k 10k 20 100 1k 10k
f — Frequency — Hz f — frequency — Hz
X127 X128
i
‘U TEXAS
16 INSTRUMENTS



77V —2 3 1ER

@ vcc
@@l rout
@ c\o
@@ rouT+
@l vcc

c22 ce3
1 nF 1 nF
L1 2
(Bead) (Bead)|
10 uF
I¢ PGND
10 nF c1s 10 nF
E—=—1 o1uF 0 )
Ya

Q
:n:—l 2
mim}
]
27
—)
1 ¢
oL=2
:n:—l R
mi;
mim} y
aQd
- 2
BSRp [MI}F———

Z @O @ Z2 Z C C o o @ o
T O OFE Q0 O E EOQ O
©g¢¢33z533¢8¢8
— fidcea & ea d 1%
sroroown II————— 05D VOLAMPR T3 1WF  WPGND o
AN I—— )R - _, MoDE_OUTIZ L 4@ vooes
;:F RINP | [ MODE [T <@l vooe
{uF Ci3_ L Ci6
AGND g IV | | AVCC 0.1 uF D10 uF vee
) oi LINP : | varouTR I3 = = @l vAROUTR
1uF
un [p———)F———guw | varoutL I3
| TPA3002D2 — @woun
AVDDREF | : AGND [T o @ ~oo
VREF AVDD 1
| | ©8 100 nF
VARDIFF cosc b = ouw
VARMAX | l ROSC 22000 g
VOLUME —— — T — ! AGND [T+ 120 ::s @ ~c\o
REFGND VCLAMPL [T} {€ =@l a0
24 4 =z z A4 Jd o o 4 2 1uF
z O 0O FE E 2@ Q9 FE FE QO O a W
883388335 ¢3
hfa QP
G20 1< Al ca
1 0.1puF 0.1pF i
10 nF °=1(7 10 nF
10uF | pGND

vee iy
Lout i)
ano iy
LouT+ i
vec iy

[29. Stereo Class-D With Single-Ended Inputs

‘bﬁmm
INSTRUMENTS



~ 0
E £ 8 10 uF
o <
8
-~ g
o 22
Sl w| 2
=
O o
1 § ‘ z 5 2 9| ¢ ¢
v B 2 ol g
"7 s s S| Bt
3 & 5 B 2 -
- il
g g ?I/? I
2 2 - 150 = 1l
] EX
gl 97 37 7% &5 (vl
o & 2 [ 23
a T~ I o -
< PR
(SN I 5 %‘
Sl
© 5
o2
fat
- [
S
8
HREA A
r5 w o x 4 5 0 99 g o N
508 $55z¢38 % %
= w 2 2 022 0 <%
———{1r] BSRP e} < £ Q BsLP fII}— .
tlo l—EI]: PVCCR - Pvcm.:l:l:l—l LS
oG r O?
vee I 1] PvcCR | | PVCCL [ &
rout+ I 1] ROUTP | LOUTP [T} @ our-
W | laadd LEI:I: | o :|:|:b—] N b T
[ ~T 9 ske ROUTP [=] | LouTP L5 0 <8 Q<
8= 93 z z by | g O b z Jg O -
. [I ‘D I PGNDR | = | PGNDL FI— {>§> = .GND
GND
B N L] penor 2 | paNoLfrT—] w -
N -8 swdezlo | a =Linde 9§ St
o,._l_ e SFO5TO l—EI:I: ROUTN o | LOUTN E]_g—,—g & Ta 38 8s
rout [ ™A I ROUTN | | LOUTN \—'»—’\—ML. Lout
vee [ — {IT] PVCCR | | pvceL I — @ vcc
o
N Lc:u: pvggR —m——————— PVCCL:[I:D—] §¥ s
—— BSRN h L x w A BSLN [T }F———
5.5 335
O Z 2 P a 2 QW 2 o
|8 EE g =25z <94
T i .Tii iiTi
[=]
w w w ||z
EA EA =) [0}
- - = <
Dul ul £
ol 21 9 F o
8/|;j|\
z o]
sE g3
[a] [=]
5 < 5
I (G}
2]
[X130. Stereo Class-D With Single-Ended Inputs and Stereo Headphone Amplifier Interface
DARENME TPA3002D2NERAF %

A TIZTPA3002D2O DIRENEIZ DTk R E 7§,

R DODIMERTF X

PERDDIMAEH F:Z, TPA032D0x T 7 3 ) —CHILW ST
55, MAHAEWIZ180 T HTH D, 75V Fhb
BFEEVecETEMLLET, Ld>T, 7 4 L ZEIOEEH)
TNIIEAOBFBERTENLL, 74 L2 EN7250%D T 2 —
T A YA ZILTEMICOVA 22D £3, HERODIRZEF T X
SUIRLET, BRI TOVGEO%T 2 —T 4 %4 20 23E1
INBLIEE-TE. AffEmITARE<. kEx{ELE4EL. K
BIRBERIC A S Z EICHEENET,

TPA3002D2T % . Wil IA0VA 5 BHFBEE TAA v F V5
TEHOERFLAMBHLTCOET, LaL. OUTPLOUTNIZEA
JRRHBICFEMEE 20 4, 2 LT, B TEERFOOUTPD
Fa—F 4 H4 2 F50%LL ETH D, OUTNH I1IZ50% L T i
B0 ET, FARRIC, AREEROOUTPOF . —F 4 %4 7 )L
1350% LI T Th ., OUTNHINES0%LL Lica by 4, Bfilch
MBEEIZAREBTDZA v F V7B AZBLTOVIZED, 24 v
FVOBROSWIL . BRI BT BI2RIBK ARPiIME0EK) 21K
WL ET,

{'? TEXAS

18

INSTRUMENTS



OUTP

OUTN

+12V —
Differential Voltage

Across Load ov—

Current ———

I
1D
|
|

RI31. HERDO DA T ED . FFENE B 2 WA S0 IR - SRR

OUTP
| |
OUTN |I I |
| I
Differential 12V — “ | n | Output=0V
Voltage oV — | |
Across | I_ | ”
Load -12v — I I
I I I I
I I I I
Current ———= — —_———— A v=_
I
I
I
I
I

|
outp 4—I>I_|_I<I7 ] [«
I I
OUTN I‘_ _’l I‘_ _'l Output>0V
Differential +12V — m m |_’_| |_’_|
Voltage oV — | | | |
I
I

Across I I I
Load 12V I I I
/\*\/Ir\/lr\/lr\/
Current —————— | 1= T T

[X32. TPA3002D2D &M B o395 I - BRI

‘":‘ TEXAS
INSTRUMENTS

19



hE [ ERODMERFEICHELRLCT 1L

PWERODHT v THAWN T 4 V& T+ 3 E AN, 24 v
FV PP RRBRELEL 275 TF, ZhABEMNTAE LA
FHEEL, AR T SEET, Uy TLBEBRIIFEE ZOEE
DOEEREOFNZJBIT 5 728, WERODBEFFHED ) » T IVEF
BREVLDICED £3, 72, FERODMZERFEO X EE
IRIEIZ2 x Veck 50 . BREEORMIZ LS4 2 M2 hED £F,
ZZT, BENELCT 4 LA D, KL A2 LDY v TILEGR
EZDRDEF A 2ND7=DIZHERTHOITBE LD FF, —
Ji. 5WAEPUIBNABELE T, ¥ —H —CidEpidt e
V7 o2y ZAMRH D £TH, LCT 4 L 22T ) 72
2y 2AHTY,
TPA3002D2DZEF T %, 7 4 L 4 & LD Eiff TIEH 1K1
KT, BELS . 7L ZRPIEFIZH L . BEELA2 x Ve
T AL Vo226 T, MBI 5 L. 7L 2EHIA
N0,V TUERS/EMLET, Uy TUEFRIILCT 4 L4
THEL TIEAZWETEZ A, AEHTETIHELEAEDT
TNVIr—2a VIZBWT T4 LA EIRESD A,

71y b T FBEEADA A v F v IR L D {RDLCT 4 L
ZIZFB e, 24 v F VB REAMTIIALS 74 L ZITHT &
HIZTEEY, 74 NLZBAY—H—LDKIENICTH B0, B
JHEEEEIRL, RERDD LN TEET,

ZAE—D—ICHRHENMT 3 HE
F—=F 4 FDARY v ) A M, A= —=I1ZH BN
NETCHEVWERFEIIDAESTT FNA AL TEE L, WEOR
MEA+KTH D, HIWEDFAWE A 2 ¥ — & — DN D
A HBWEARA 23 LOERAERZ S8, K4 X224 L %18
BIaZEeH0DET, LirL, 250kHzD A 4 v F ¥ 7R
TiE, A =7 1 AL LD % 3 — v D) % 231/
I 2720, FA 24N EBRICEIPTZLBH D EHA,
KA AT NRERPED ZA v F v TBRICK > THEU8E
W m0Gs . BEMRIDHEET, 2AV-F—IZB 5%
JIHBEOEFHNE. ¥ AT AORMHHRIZBT 2 IO T A
5ZenTrEY, WL 7YY REDOF U (gson) 25
AT LADTB AL ERET S L E 2 5 B4, TPA3002D2
D8QAMIFD IR AP IR IERR D L H 12k 7,
hE (PR %) = Ry / (R + Igs(on)) X 100%
=8/(8+0.58) x 100% = 93.24% o)

FHNZ LB mAEHENZ. 12VEER T L Z75WTT, L
75T Z ORGSR TORKRDIIEE I BEREP qoray . X
R@QDES51250 F7,

P (total) = Po/ 20 = 7.5W/0.9324 = 8.04W ©)

FEERRTEAL 28113, 8QAY —H — & HHL T8I%TL
720 Tasion) CHET 2 LBl ST WENL, FUE 25
HEREE DA Iz W CEtR T £ 4,

Z DRBDII: = P gotar) GZMIE) — P ot P AE)
=843 - 8.04 = 0.387W 3)
14V O EHY 2 BIRERITFITI4.3mA TS, A BIRER
i, T4 20D OIS EbE, N 7T AEAB LU
49 F Vv IHKOAFITH B ERETELY, &512, Zhilst

DERDDENIAE - —THFE IS LNETE., XA@DT
FETEET,

P (gis) = 0.387W — (14V x 14.3mA) = 0.19W @
P EOFER, 2= —I275WE A L 2R BEH T Th
BT LICHEEVE T, 019WIZAEY —H =i L =B Hhob
FTHh25%THEDT, FFIZAY —H — B X 58T
BRVNE VLD TH B EMHITFohE T, X612, ZOENIH
BIZEEAEDV AT LOTY F A —H— F I 4 EkE+
BWELET, ¥k S, A —H—DBEBNERS, —RIZY
Vo Y rEEARITENITED LN TS 25 TT,

EDEIEBAICHAT 1V EEERATIH

TYITNE A = —ANOEEIEAA Y FUT)BAE.
7 4L 4 L CTTPA3002D2% %5 LT 2 &0, /8T — K- 2
V—H—(AE = =27V TERICEERNIZS 3)i1Z. 744
#LODMORENET TV r—> 3 v TF,

FEEAEDT TNV —v g vk, 7294 PE—=X-T 4 L&
AERELLEYT, 7254 b7 4 L3, IMHz {HEB L U872
WLl EOEMI(E RS, BT %) %KW L £ 9 (FCCLCEIZ
30MHzL, L OB 7717 2 F A P LTCWET), 7274 b
Y= ZOEEORICIE, SIS Y -4V 2 ThH D
A, RIS, Y =2y 208 DIZL £,

IR (< IMHz) EMIIC ffU& 2 [BIE8 A1 b B AR, RUOERAY
TYTEAE - —-DOMIZH HHLAE. EHILCHBT 44
AHALET, HL, AE—H ETOEREH Y —L FEhTn
LA, FCCRCEDMENENT TV r—+ a3 YOBEA/ITZ
DOIRY TIFHED XA,

33 uH

OUTP ) _I_ o

C1 Toawr :E[I
0.47 uF =
33 uH
OUTN i
—_ Cs

k2 Io.1 uF

X33. RFEALCH 17 4 L&, F v b X 7 R4k Hz,
AE—H— 4 V=&V 8O

Ferrite
Chip Bead
ouTP——a@— i
IﬁnF
Ferrite —
Chip Bead
OUTNI—a— ) i
I1 nF

X34. RENET 254 b Fy T - E=X-T 4 L4
(F v 7€ — Xl : Panasonic EXCML32A680U)

{'f TEXAS
20 INSTRUMENTS



K1) 21— LFIHENME

VOLUME, VARDIFF, ¥ & O'VARMAX & 431 517238~
iZ, A¥ =7 —EVAROUTAY 22— 4% F 54 7 3A12D%
RV 2a—2&2EHLET. ZhoDOE VTN TDCERE CTHIE
I, ZODCEREIIVREFOEAZB A LWL HIZLET,

DE—-FTAE—F—%FF4 795&&iE, VOLUMEY
YETRTA v ERELE T, £1Z. VOLUMEY v O&EF &
VREFEIE & OBIRIZK > CTRESDIRE—FDFX 4 DY X b
T,

TV ITDr A Y ERUIERE TEE T 5546, VREFY V%
AVppREFIZHE &4 U, #8150 1% 4 VREF & REFGNDF# (2
PERTEET(T ) r— 3 VIEROK20E 5, EES 4 Y
Tt R1OFEHO2AFD /S — X v 7 — DFOF A, KT
DEEFFELTAbEE T, HlAIE, 10.7dBD T 4 v BB E A
A SHERBROEYUIH A & $10kQISTE 3, ZOEHED
& &%, 50% x VREFOERENAVOLUMEY v iZ8ih, Dk 4 v 4
10.7dBIZ 5 0 £ 9,

DR 4 v ORIEIZDACE A9 %354 . VREFE VREFGND
ADACOIMERILY v &5V F-EUIcENFRIERL £,
DAC:fiH$ 57 7Y 7 — 3 VOBA., AVppREFIZA — 7V
IZLTHEFT, DACORKUEEIL L, VREFAJIZEL TNEY
A VRO IMERFEIZ A D . DACHEED WA A S48
TPA3002D2D 7 4 VICHE L ¥ A, RIDFEIHDOI/S—k v
5 —V¥iE. VOLUMEY v OB 8§ 5% & %12, DACOE
EARETIOIHNEY, £z, F2H0 -tV F -V,
&, VOLUMEY v OEEA#WAD T 5 & 12, DACOELE % i E
FTBEDIHENE T, 20Dy 2T 7T F—TIE, FIED Y Z
TLDRY 2 —LIZBWT, BT K 574 VDY 7
Py PICHOWE S, ZACBEL TR, DTOMTEDEELL 3
ML,

TIar KT YUY g A= Tr 4 VERIET3EAE. Th
%VREF & REFGND ORI ##i L £ 9, VREFIZSETH UL
AVppREF & % W IHHEREIEIRIC G T & £ 97, K1DH1 L5250
EioT, RF VY 3 A—2DEEET 5 HIAIC & > TELT 27
AVORA YV FEPRELET, KTV aA—4DEYZ =4y
TOBRMABENT 254, F1OFEEBH L TYHb D A&k
BEF, Wi, BNKD T SEAEEHOUHRD D fiE S
LET,

TA Y BFERIZET UMb D R, FEOLEZXFY V2D
729 IZVOLUMEY » OFEAR 2SN 2 A4 5 000 k- TR
BOET, ZOCATVYAR, 74 VHEORFEEL XU, &
T4V AT 9T PEMDAT v TAFIRL T & EREEL
9, A 2—2HEEXRIELZEDEX6ITRLET, 20
75 7%, DA VIZBIT 3 R1DEB A & BB K> TES
XhEEb D EE L BI2, 300X 4 V- AT 9 FITOWTGRL
TVET, BHIEIE T A Y - 2Ty FTOL AT Y VY 2 EEL TN
E3

VARDIFF & & U'VARMAXENE

TPA3002D2Ti%., X —H¥2DfRs 1 ~ EVAROUTY 4 » & D
EAEBETEEY, ZhE~Ny F 71—V E2ELAD E EDORMR
HEBRETIOIMELEZ & TY, WENIDA V4 -T2 4 R
Tix. VARDIFF & VARMAXY ¥ BVAROUTF ¥ XL D ¥ 4 v
%, VOLUMEE VIZB I 3BEICk > TRESI NS 54 VIZH
BlL 7= 4 VIZHIfAL £4. VARDIFF = OVOA. D 4 v
EVAROUTY 4 » & D21316dBIZ & ) £ 9", VARDIFFY » O
FEABME 21220 T, VAROUTF v A LD A4 VIFIKTFL £
¥, TPA3002D2D #5251 C, VARDIFFY ¥ O&EEAVOL-
UMEY Y OEE» HZE LGN, Z2OFBRAVAROUTY A ~ %
WET DIl E T,

HBEDOF —F 4 & ¥ 27 4 Tid, VAROUTE — FIED 7 A
YERBRLU, Ny B 74—V OFHAMEL L XUIZEED ST
EMREIZED £9, ZOHMT, VARMAXY »IZVAROUT
F v PORKTA vV EHIELET,

VARDIFF &£ VARMAX Y » O#REIE. AWIZHEA L TVAROUT
Fy AINDTA Y ERDET, ZOKE L HEREEX350 Ty
O HATTILIIRLET, TOw s LA T T TLD
VAROUT_VOLUMEIZf3 5 n 2 {iZDCEETH O, VAROUT
FrINDTA VERETHIR2AFEA S E T, K213,
VAROUT_VOLUME®E+A'VREFE & B L Tt 2 VAROUT
- FNEOT A VELBL THET,

AV 2 — 2B O % 4 3 V2, NEBD30HZD 7 1 2
ICEkoTHIfENE S, Zoray 2id, FHEOEY 2 — L551H
CYOBEEFEL 2L ED5 4 VLT AL — M ERELE
Y, FAvid4r Oy s A LT E@B0HZ2 1y 22k B 4%H
ET13B3ms) IZHFHT S, XDF A V- AT o TSRO B

?

VARDIFF (V) VARMAX (V)
+ VOLUME - VARDIFE,~ s VARMAX>
VOLUME (V) -+ »<(VOLUME VARDIFF)

YES

VAROUT_VOLUME (V) = VOLUME (V) - VARDIFF (V)

VAROUT_VOLUME (V) = VARMAX (V)

(35. VAROUTA Y 2 —A#lHO T2 w7 - X4 T 7T 4

‘9 TEXAS
INSTRUMENTS 21



4—— Decreasing Voltage on VOLUME Terminal

—— P Increasing Voltage on VOLUME Terminal

(40.1%*VREF) 210 2.11
(41.9%*VREF)

5.6 —| It it
|
. | 4
T
£ l
S |
© 31 |+ — D>
aQ
@ |
g |
o
+ A
|
0.5 — l >
| |
2.00

(42.3%*VREF)
Voltage on VOLUME Pin -V

2.21
(44.1%*VREF)

[X36. DCK V) 2 — AHilf#IE){f: VREF = 5V

FrEOr 4 ISELEY, Bz, BEAETPA3002D24 DIk 4
Ve 2Ty T D +0.53dBOHA. VOLUMEY ¥ Mk A4 v D
+36dBICHHIBE I NG &, AV A36dABIZET B DIZE$ B IR
I3, U279 7 x133ms/ AT v 7 =1.86201c kD 9, £1%
ZWBT 2L, +053dBDT 4 V- ZF v FH 5 +36dBOIR AT 4
VAT FETORICIAZT v IHHD £,

MODEENME

MODEY » iZTPA3002D2D ' J1E — F #HIffI425 A 100 &
OTE, KEYHBT Yy 2D LRILDBE ., Dt 1% 7 4
AL —TMIZLET, /2, BV v 20T —LNLDOEA, Dik
%4 X —70IZLEd, VAROUTH K, ZOMAFDE—F
TT72T47THH, WEDZF LA - 2= —&EDM T
K74 TLDOD, SHBO/ST =R - BT o —Nn—DF4 VL NJL
ANELTHHTE T, A YOBEL VIR ICTER
LThDET,

TPA6110A2D & 5 AN~y R T =V - TV TEDAL v 4 —
7 x4 ZAZE, MODEE Y Ny F T 4=V - Vv vy IDAA y
FISERHTE T, K300 K D ITHE L 72354, DIkJiE~y
FIr=V - T30~y R T 5=V -Vy o ZIlffiALEEIC
FYAZ—TNENET,

MODE_OUTEE

MODE_OUTY ¥ iz, TPA6110A2D & 5 /b~y F 7 + —
VTV THBVEROuY 92D A —T x4 ZIZRH L
. SHUTDOWNY » % {ilffd 5 i Jio v &>TF, 5L 6hi
BRI CORE Y O BB, HRERICTERL THD 7,

ZOHHIZMODEY Yy mhu Y v 7 Thlf & h x4, MODEA
Jinayysoa—-Lv o4, MODE OUTH Jida v v o
DNA LRI ED 3, 2, MODEE Y 2302y 7 DA
LANLOA. MODE_OUTE Y idu—L )Ltk £,
MODE_OUTH! JJiZMODEA J] ZHUZKEi L 723 DT,

TPA6110A2OSHUTDOWN A J1 7 2 7 4 7 -2 4 (IE&EE) &
DT, FRDIIIEEILE L, ZDXSI12F %L, TPA3002D2
HRAE —H —%DWE—F TR T4 795 & &I, TPA6110A2
BV MEOUTEET, WIS, Ny R T r—=Uhny K
TH—=V Ty y AT, MODEASIA /N A LNLIZK D
L. MODE_OUTY Y »iu — L X)Lk - T, TPA6110A2~Ny F
TA—=V TV T A X —=TNIZLET,

COSCEROSCOREE
24 5 F v I RBEEIE. Rogc@7E V) & Cosc@8Y V) Ikt
TEMBOMTHRED . KR TiHTEhE T,

fosc = 6.6/ Rosc x Cose)
R IIRosc & Cosc DIl % ¥ L T, 225kHz» 5
275kHzE CEZ 6 h 4, ZOHEFEIX. 24 v F v 7R
#3250kHz T, Coge = 220pF, Roge = 120kQ T,

AEB2.5V/N 1 7 A RERBAI L T Y ORFE

PER2.5V S A 7 2 8Lk (V2P5) ik, D7 v T E T v 7
DORT ) 7 v TBHINER A 7 2 B L 9. Mo A2
YTFUHEZOMEEILICKD . ANMEEE T T Y T Dk
ERIATFFANIZ S 7 2 TE 23,

V2P5E Dy T OEEGEEG, REDT N ARHEE
BEOICEETYT, 24— b7 v THRY v v b 2T VIRERS
OREIEIZ, V2P DAY F Uy R 7Y TOIZ—= T v T
DL —bEIRDET, V2P5T V7V HDERA0.75 x V2P5T &
bERMIEDTE%D L %, T34 21d &=+ v L, DI SIR
24 9 F VT ERDET, AZ— b7 o TEMIZTE Y TR
CRy THEE ZMA 2R ICERTEIH D A, BEEL, &
EWBARy IH(BFRARE EICRET B I, 24—
7y THEE T <. DI AL o F AV LR 2 %
NETY, LAL, V2P5a YV F Y Hizidd i< & $047uF %
BLET,
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V2P5 V7 v B D27 HOMREIL. NEB2.5V 34 7 2 F A [mlik
DS ETE T A N2 THIETT,

ABEH
ETAVERERT Y TOANHINAZE A TV E T, AJHRIT
WHRMED S Z06fEN EETEZ ohET., ZOMR, AT
A2 T4 L ZZMAD Y F U aHT5 L. 3dBTAabHD
Hy A TS 6E Y EEL L 9,

Zj
Input )|
Signal /1

“3dBEEMIZRG) THETEET., ANNM Y E—F Y 2(Z)
A4 voRRTICR S h T,

{34 = 21:%1(?1 ®)
AHharrFr4c

—fR BT TV = 3 VTR, 7Y TOANES I REEE
D7=HOWYARBEFRNA 7 AV2PS) a2 F 5B k512, Aha
VTV COARBEIIED ET, ZTOGE,. GET VT DATIA
VE—=Z VALY INAISZAT 4 LA EEK L, ZDOI—F—F
R v P A 7B IR 6) THRED T,

1

fe= LG, ©)

—
-3dB

fe

COMIZTEETH b, [P0/ A (KR R B L
T fle LT, ZA241kQ T, 20HzE TT T v b /S R4 45
REFTHHMIIONTERLET, RO EFRDD LS I xR
AET,

1
q=5@ﬂ

RN &, ZOPITIECHL04uFE D, — R X N B
HD0ATUFD T Y FUH BRI LIZHD £, 74 ¥ BREAIT
b —ETHEHEAIE, RTANIA VY E=Z Y Z/T A )57
EROTCGEIRELET., ZOAVFUHICHETE 5k 555
& LT, ANGEEE,? 5 ANBEEEREC) &R0k 4 E 5 B
FCOWNERSANRS D T, ZOWNERIET » TDANI
B4 7ty VEIEAAC. MHWREZS I THP A g, 5

™

FAYOT TN — 3 VCRHCRIEICAD 9, 20 &S 58
HT, R —2DRVELHENEELT I v DIV T VIR
FBOBRPUCED ZY, MO 22V F VA2 HiHT 2548, 1
EAEDT N =y g Vit CayFryyodilE Ty TA
JncERLE3, ZOBHIZ, 7Y T ATIODCL NILR—fRD
AIMEBPEDODCL N &) EO25VICEE SN TS 76T
T, TIV =Yg VitV VT Y OmEOMERNEE
BZEIZTHEEEOET,

BRTHYyTULT. Cq

TPA3002D2i3 & MBE e CMOSA —F 4 A 7V T ThH ., HH
DEEFHIEEA(THD) % TE 572 F KL §5 72012, w24 B
DT HhyT)V v rERBEELET, £, BETH TV VT
. T T A - —BOBEAROIGAORIRELIEL £
T Wl T oy 7 V2R, IR RO R RHOME I
WBL7z, B B284 TOI Y F VY 4HHLTERLET,
Bt O BRI OB, 254 7, H30WETF VLI 4 XU
F. & D EROWEMiBEIEPIESR) O LT I vy - TV F VY
. —fRIZOIUFTT /YA ZOEPF Y ¥ DR )18 < IZELiE§ % D
DM TY, KFEOMEESE27 4 L4352, Kb kxn
10uF2Z N LD 7L IEBHRI Y FUHE, A—F 487 —
TYTOELICHET S Z L& HERLE T, ZO10uFOa Y7
YR TV TR KEEER T ARICER ARG T e -7
AEANL =Y -aVvFrH LTy,

BSN&EBSPAHICF o4

TFNAHEIT ) & D IBHINMOS b 5 v Y 2 4 DA EHH L &

Fo LT, wiias — 4 vy ooz, S04 44
FTT—=bA LTy THIVF VIR REIZRD 3, 2ul
BBVERDINFO L5 I v o -avFryE, filiiezhic
HET 2587 — A7y TANBICENT 208 S0 £3.
HAMIZIE, HED10nF2 ¥ 7 ¥ % #xOUTP &xBSPRlC, %721
fflo10nF = » 7 % ZxOUTN & xBSNRHIZ #4245t L & 3 (X129 7
TN = g VA & SR),

The bootstrap capacitors connected between the BSxx pins and
corresponding output function as a floating power supply for the
high-side N-channel power MOSFET gate drive circuitry. During
each high-side switching cycle, the bootstrap capacitors attempt to
hold the gate-to-source voltage high enough to keep the high-side
MOSFETSs turned on. However, there is a leakage path and the
voltage on the bootstrap capacitors slowly decrease while the high-
side is conducting.

By driving the outputs into heavy clipping with a sine wave of
less than 50 Hz, the bootstrap voltage can decrease below the mini-
mum Vg required to keep the high-side output MOSFET turned
on. When this occurs, the output transistor becomes a source-fol-
lower and the output drops from V¢ to approximately Ve jamp
(voltage on pins 25 and 36).

For the majority of applications, driving a square wave at low fre-
quencies is not a design consideration and the recommended boot-
strap capacitor value of 10 nF is acceptable. However, if this is a
concern, increasing the bootstrap capacitors holds the gate voltage

for a longer period of time and the drop in the output voltage does
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not occur. A value of 220 nF is recommended with a 51 Q resistor
placed in series between the outputs and bootstrap pins. The 51 Q
series resistor is necessary to limit the current charging and dis-

charging the bootstrap capacitors.

VCLAMPAI>F > #

NMOSH I b5 P 2407 — b -V — 2 EBIESFFERKIE
EREAEVEIMEETS720., 220N L F L — 2085 — |
BEXRI T VT LET, 22T, INTEBVEKDIWFD T~
7V 4% #VCLAMPL(25Y ») ¥ VCLAMPR@36¥ V) 6 4" 5 ~ F
IS YRS DR T 2 08 A H 0 9, M OVCLAMPOETE
WBVeck & BIZZb L, ZOBEEMOMPEANHGTE Z LA,

REBREILSVEIR (AVpp)

AVpp ¥ Y QOE ) BN THRA$ 55VERDH I TH D | %
REE. 7V 77, BLORY 2 — 2HEBEEEIHEHL 9,
ZONERLF 2L —FERENT S22, 2O TV
BUZ0AuF2 B IWFO I Y F U 4%, 2O Y O < 12 hlE
FTHERERSDET, ZOLVF v —glIng. SNy ¥
T x =V -7V TRMMOMPBOERE LT, {kRIzEEShT
WAERRETHEATE T,

AVpp POWER-UP RESPONSE
iPower Up
Chi
AV
(AVpp) AVop
(pin 29)
ch2 Avee
(Avee) | (pin 33)
figh”
Ch1 2 V/div Ch2 5 V/div M 10.0 us

X37. /59 —7 v TIE

EEAS

TV T OEFHATIEIE, Fv 2LOMATITA VICHW2H 5
W5 M 4T B L £, TPA3002D2HEVM % 28)Z5H & &

T 2354, + — 7 4 AE 5O EMIESH & INPA SIS #
L. FRRISH — 7 4 AEBES & OB MIERR & INNA I H5E
L F9., TPA3002D2% > v 7LV FOEEFE & & ICf#HT
BE. INPATE Y FUHANNTHHLTW I Y FU4k
[\ U $) TACHNZ I L T, 4 —F 4 {35 #INN A SIS 6
LES, YYIALIY FANT TV —Y 3 VT, moEsis
Y& 272912, INPAJIZ TS ZDATMTHL, +—
74 AE S I TACH I L £ ¥,

SDENE

TPA3002D2iE 5 /34 ZBMEIZY v v b &Y v - — F &4k
L. 2Ny 7 —BIHOHIOD 7D IZIEHE RO EIEE R (co) %
HOFEZ NS T 235 & LCwEd, SDABE VIR, 7V 7
A LT3 EREIERINA LALICES T, SDE T —
LALIZT B, WhEA, 7V 7EKERIREST DS
Icco) = 10pAIZ L&, 72, 7Y TOEENAREIZL S 72
B, SDIFMLTAH—TVIZLTiEaD A,

287 =& TWED R -y TR EIFIIREIC S A4 3 2 4 2 /M
TH0IC, BRAYBHNIZT VT4 vy b AT Y -E—FIC
LCHEZET,

POWER-OFF POP REDUCTION
For the best power-off pop performance, the amplifier should be

placed in the shutdown mode prior to removing the power supply
voltage.

Another method to reduce power-off pop can be implemented in
the hardware. A 100-uF - 150-uF capacitor can be added to the AV
DD terminal in parallel with the 100-nF capacitor shown in Figure
29. The additional capacitance holds up the regulator voltage for a

longer period of time and results in smaller power-off pop.

{KESRa > 7 > H DfEHA

{KESRZ v 7V % & KFiDOT 7)) r—v 2 Y RETHREL £
T, FEOIVFUHIZEMICK LY., BEaVF U EFR
SEANEAROR A B EF ST E T, O\ »H BEE
ETiE, BgICk 23y Ty yomReNE LET, 20K
PIOSMEAMENEE . FEO T Y F V3R Y 7V H10i
VEIfEE L E T,

H AR REE &

TPA3002D2{3 i I I KOS ARFERIS 23 8 0 . T )y R D FEE
1 E GNDOJE#E . 36 KO I & VocDEHEIEIZ T34 2 DOl
ERAIEL &9, WG ERMT 5 &0 7354 RIS F
TATET A AL —TMIZLET, ThET v FEINTARIRGE
THH. Vty MISDEVOBEATY v 270DE—LRLp
5, EWBEROTY » 2O, LAIIZEZ T BERH D
4, ZOEITTBEEED T Mo ) 7 Sh, EikikE,
B SN TOAUTIEREIESTTREIC A2 D £ 3, JORSIRIE PR Z: &
NTCOEWEAR, REMBLARET 774 71280 £T,

SIS IRIR OfEB IE L HIE C8AICREL CH D £¥, L

L. ZOEEIRIZT )V MERO L A 79 F B KAV &PV

DERZ L > TELL T, AVecE Y & FTRTOPYEVIZT
EBETEL ., TROERY S Z — V(203 VL B) THERT B Z
EHETY, ZOX512F5L, WY VEDA V&0 22 ZAhERAD
12D, S ER A R HE TR TE £, 2o Y EO
AV EI Y ABKRENGA, KA V= F Y ADEf# TN
Vo BV FIZRIA T Uze &, SRR S A RIS 5
ZENBDFET,
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BRFEDER

TPA3002D2D ELRFERIFR %, PIERD F v TE #3150°C % &
Te & FIZTNA ZOBPBEEFHILL 9, ZOEERREIXT N4 2
12X > THISCOFRFRENDH D T, L UF v TREHIEL
REDEENIE AL S L, T34 ZiE v v v b AT VIRBEICA
D, BWIRTF4 22 —=TNIZEDET, ZORRREEET v F&
NTWERA, LEA-T, e =UF Y FRESMEBRE S 5
20C7Z 0 FHlB &, ZOMWARKEIZ ) 7 EhEd, O
FCTFNA 212, MY 2T 2005 DR A LIS IEREIE % BlA
L,

BNEE I HAOBENERSABRE
e JE PV DR RIS IE R Q) M A £ 9,
Tamax = Tymax — © JAPDissipated
22T, Tymax = 150C
Op=19C/W
@7V Y MR, 54 Y F, L X9 (8

UBEYPHP/ Sy 7 =V D7 4 L —7 4 Y 78U, &
HEERERICHD £, )

EBIHBEORES DIZIZ, XARO»HEALET,
Pissipated = P0 (average) % (1 / #1%) — 1)
S = ~85% (BQATNI)
= ~75% (4QEMI) )

f5I58 : TPA3002D2238QD A ¥ —H — (A F L A)&75WT F 74
TEBET TV — 3 VIZBWT, RS T

Ppjissipated = 15W x ((1 / 0.85) — 1) = 1.76W
(AFVLFAEDT, Py=75Wx2)
T Amax = 150°C — (19°C/W x 2.65 W) = 99.65°C

ZORMEIZK D, FEPIRE AR LT A Tdk b AV K
ERDS5CE T, TPA3002D2!1Z8QD A ¥ —H# —%75WT F 7 A4
TTEBIZEDNDIDET,

X138 & [XI391d. TPA3002D2!ZBH 3 %\ x < DA DB FLERD &
BERLET. ROEEWRED. & 0 IROBEH OSIrRT & WY
KOV —vI -4 TICKk-> TERATES Z L 4. SRHERIR
LChEd,

X38id2kE LARED T v IR D2R AR L T, 2T v
FERO VA 7Y ML T () T2A 2 A DJEE OIS
EICHHEE L E Uz, $HOMRIEXE IR L £, EEA133
JL(0.33mm) DIEDH —< L - 4 7 E/3T =3y FOTIZFE
. CEHEE B L E Uiz, SRE T (L) I35 S ERO S8 — v
7Tl

47TV M EROVA T MiE, BROS T Y RET2t v X
DO BOFN ISR L & L7z, ST E S/ s 5 —
VEGTLE, FHEEohREIZZEAOE EIZLELE, B
££20.33mmDONFD Y —~vIL -7 4 7T EINT =28y FOTIZERIT,
77V FOH5HEEEERL L7,

X391, /37 =8y FOTFIZH T =9 —~ )L 4 7 O s
TV N FEMROBFFEICS 2 R ER L 3. ZOFEBRT.
FHE EIZ3EH A Y FOH»DH B2/ T ) v PR TITVWEL
72 BOEAEEIEICIE, DL EBI6MD Y 4 T EAXADIEIRT
NI =28y FOTIZHERALET, ZO4X4DEIRDOL 4 7 il
tZ. TPA3002D2EVM 2. — ¥ — X - v = 1 7JL, SLOU115% &M@

125007 BENES, 7YV b ERODgerber 7 7 4 Wid, ZESREEVE T,
K K
xit xit
$AEIE. 2B > MEIR $AETR. 487 > MER

35 35
2
[$)
o 30 1 30\\
§ g \
@0 «
a 7]
© —_
g ~— g
e 20 \\ 5 20

15 15

1 1.5 2 2.5 3 3.5 4 4.5 5 1 2 3 4 5

Copper Area —sq. Inches

Copper Area — sq. Inches

[X38. EkT
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;IKH
xt
Y—<IL-ET7HE. 2BT ) > FER

N

. AN
N

22 N\

25

8JA — Thermal Resistance — °C/W

21

20

4 6 8 10 12 14 16
Thermal Via Quantity (13 Mil Diameter)

X39. EuikHi

7> FERPCB)DL AT b
TPA3002D2IE R T A4 v 7V 7§ 5D T v TisDT, %
DT Y MERPCB)YDOL A 7 b & TREDOHA F I 4 VIZh-
Tt U, mEOREEEIBERH D ET,
@ FhHy SV Vs avF Y
FRHADOIWFD T v 7Y &3 Y F U3 EPVccE v
(14, 15, 22, 23, 38, 39, 46, 4TE V) LAV E Y B3E V) IZ T X
BEFELSEELE T, V2P5UE )Y F Y+, AVpp (29
Iy Fv4, BLOVCLAMP?5, 36 )oY 7V
P Eh, BT A ZOELICREL £ 3, BEAOAX
ZAO0uF, 5 Wiz h )y sAhy TV v r-arysr4id
TPA3002D20PVCCL, PVCCR, # & AV D% ¥ v DL 12
B L 9,
@ VIV FDLEY NI
AVecB3ENTFH TV V- ay Fr4, AVpp (29K V)
avFUH, VePsE ) a vy Fr ¥, COSC@8E¥V)a v+
Y, BEUROSCQRTY VML, ThZh7rFus -7
¥ F(AGND, 26 > &30€ V) Ic##i L £, PVCCL (14, 15,
22,23 V) L PVCCR(38, 39,46, 47)DF H vy T v -a V5
YHiE, /X7 —-2'5 ¥ F(PGND, 18,19, 42, 43 V) IZ i L
¥, TFaL - SIY RENRT—- 5TV R, 8T —s8%y
FTHWIERTE 3, /97 —/%y FIZTPA3002D20> & 5
VREROBLTADBERS SV PR T — ) & LTHEH
TEFY, HAMIC, PGNDICHERTER I NS 745V F
8T =%y FIED &9,
e thrinxn
7 x4 FEMI7 4 L& (K341 ¥ > 10,11, 14, B L O
BOBEENICTES LIRS EE L., EOEMIFH 415
EIIcL T, LC7 4 v & (X33) 1, DR ICHIE L %

T, 7254 PELCOM T 4 L& IZHHT 337V 43,

FNFIST —- 5y NI L £7,
® /YU —/3Vy K

87 = %y FIZ T VP ERICERERHT LT Y Bk

P REAEHEEEBRS LI LET, T =Sy FOH—

<IL-5 Y FOSEEIE, 5mm x 5mm(197 3L x 197 2 J)L)IZ L

9, 37— %y FOEIZ4.55x4.55mmTY, 7=, 45D

FEX AT 4 7 A BH =D MEAD Y 4 7, EAEA30.3302mm T 7

DB IN)EHRFTY -~ 7Y FOTICHTET., &

74 T T v B H R R (R FRE) DO L 52D

L7zl 7 L — VIR T 2 0B8RS0 5, &7 1 7L

THEUHERHD, BiTRFELENSE T4 T THh->TUIAED

A, KDFEEMAERIZ. [757 =%y F (PowerPAD) Z4AY

Bk ez Sy r =07 N r—v 3 v — (TR

#5 SLMA002) | & SR £ 7,

L4 7w ile LT, [TPASOO2D 2RI EY 2 —
(TPA3002D2EVM) . —# —- v = 5 7L (TIHkESSLOU151) |
BV E T, EVM2Z—¥— v = 27L& PowerPADT 7'V
r—Yav-/—=rMd, miFEETIY = 7% 4 F Ohttp://
www.ti.comTATTE L7,

BEEXAEY AT L

A7 TV —v 3 VRN, TR ARRE %4 5 53
DWW RET,

F =T AKX TFIAFHINIAXRT VN FL-TFIFTAHF
T YA - ILF A — 4 (DMM)

Fruozxa—7

VA RTHR

g5 Rt

C-WALE B

) = 7 AL B

T 4 LA ERE

EVM & %\ 3 ftho 4 — 7 4 A [mlik
XI401AB# EDMR T v T ORARW M E Y 27 L%/ L F
o WhlE, ATIEHITITIEREABEH L 3, G ITEH g
B S L FEARRBEZ T TR E T 2 56T, RICT
F A4 FEAPACGF —T 4 A 83U =7y AR LT, &
FEHHERELES, 754 Fi2idt —F 1 AR aek sl
TEAMRELPDBETYT, ERMRELEREZMHEHL T, APAOEHK
VY LEAIhHiFE L RAEKKL 9, Audio Precisionth:
BD2F —F 4 FPWEY ZF 2 API) % 51E, EERERETF
FTAFROEDDERNIZA>TOET,
EEREHFOHNET Y TANBACHEA (D v 7T V)T
ZMENRHDET, LHL, EVMIZEBRYINHACH v ) v o
Ay Fy4CuHdb b7, Hizzaay sy HEAETT,
EERE[BOWTIA Y= 2F, TAMIENHEL AWK
SNIENBERH D T, APADATA V¥ — 2V ANZIFE
L EVWEIIkQ) DT, ZHTEELZ L TY, Wiz, 7F 54
PFOANA VE=F Y 2THARERDH D 3, APAOH 14~
Y¥'— 4 Y ARyt — I EmMQTH b . BHBBEDFELIS T
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speaker.

Power Supply
Signal APA R, Analyzer
Generator 20 Hz - 20 kHz
(a) EAEY 4 AB#R
Power Supply

|— — e— e—

. | Low-PassRC |
| Filter

Signal i Analyzer
Gen%rator Class-D APA AL — | 20 Hz - 20 kHz

I Low-Pass RC

° 1 Filter

////// — — —

t For efficiency measurements with filter-free class-D amplifiers, R|_ should be an inductive load like a

(b) 7 1 v% -7 Y —DD#R EREKRDDIR

X40. + — 7 4 FHEY 2T 4

EMTE T,

[Xl40(2) 1ZABML 7 v TOREY 2 F L5 R LT, ABRT v 7
BU=7TsHh. ZTOMHESRANES ISR LTY =7 5k
ThH 5720, ABlR7 v 7OHlEY 27 L3 IS HEMIZ 2 ) %
T ABWT v 7T Fa s AR ERI T, 7ruasiE
FEERLET, L->T, ABRT v TIZAPIIR MO 7 F 5
A FDOAINTEIEERTE 5,

Pk Z ek, K40MISRIDET v T1Tidd CidE b 48
Ao lEEAEDDRT v TD8E. F—7 1 A HITEIEOMEIZ
O =327 4 L ARRETT, Zhd, DT v IR T FusE
FERZT T, ThE L ZRARPWM) OG5 I28HR)T 5
No T, —MOT7F 74 FIZPWMES % EMEICAUETX &
A,
TPA3002D2IIBIfERFIZH )1 7 4 L 2 2B E U WAERF L
EHALTOE TR, HERKIZIZRCE =327 4 L& & LITL
BHEELEd, Zhid, —07F 54 FATBEHIZZE T
2 A % IEREI ST C X $, MIEICRE EAZLIRT S
NHTY, WEHDRCE =32 T 4 LA EfHT LR
P BBREINZDT, 7F T4 FIXELN & HlE T &
E3x

EEASHEBTLHA

FTRTODIAPAL % < DABIRAPAIZ. ZEBANB LT T Y »
a4 FEMBTDMIITY . ZBATEF v 2 LT EIZ2DD
ANEY BB, 2O VBOBMNEFRIRL 3, ZBAINE
AN OEM ) 4 X & EAEERKL £3, BTLIZ—ARCA —
F 4 A CEHH N EFVT 50 B ST, BTLHEH
200N Y BdH D, 180ENMHNTh =B EA ML 3,
BRI ZOMYE VIIcE X h T, Z0L31CT5E, Aff
WY BB N EAMFIZL, DCTa Yy vy AV F YR RE
EVSHFIELH D T,

WERPED Ty 7 - 24 755 L EKATRLUE S, EEAN
EEANTHD, E@ERADOEYRT T Y FIZHLTHL
WA Y= 2 ERH T, FRRIC, BTLE P &/
TEET,

EEREFTTFEN I TH2BE1H D, ZOFHEEFEFICL-
TROLERMGONE T, PPHEHITEHEATE 328, WE
WIS EST 225 Y R =T 2RSS REMERH D 9,
7. TFIAFREHANCL T, Y27 o2k E Iz L
LA D F¥A, P AT LIZE%OH 5O BFME 4 Xk
THMEL. mEREORONIEETREIZL 3,
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Evaluation Module

| |

| |

| |

| R

Audio Power !
|

Generator : Amplifier :

|

+ ! |

RGEN : I

Veen | :
- |

|

Raen A :

. :

Twisted-Pair Wire

_—— Analyzer
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MEASUREMENT Ret CrLt
Efficiency 1,000Q 5,600pF
All other measurements 100Q 56,000pF
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 11-Nov-2025

PACKAGING INFORMATION

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 ©)
@ ©)

TPA3002D2PHP Active Production HTQFP (PHP) | 48 250 | JEDEC Yes NIPDAU Level-4-260C-72 HR -40to 85 TPA3002D2
TRAY (5+1)

TPA3002D2PHP.A Active Production HTQFP (PHP) | 48 250 | JEDEC Yes NIPDAU Level-4-260C-72 HR -40to 85 TPA3002D2
TRAY (5+1)

TPA3002D2PHPR Active Production HTQFP (PHP) | 48 1000 | LARGE T&R Yes NIPDAU Level-4-260C-72 HR -40to 85 TPA3002D2

TPA3002D2PHPR.A Active Production HTQFP (PHP) | 48 1000 | LARGE T&R Yes NIPDAU Level-4-260C-72 HR -40to 85 TPA3002D2

@ 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.

® Lead 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 TI'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 Tl 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.

Addendum-Page 1


https://www.ti.com/product/TPA3002D2/part-details/TPA3002D2PHP
https://www.ti.com/product/TPA3002D2/part-details/TPA3002D2PHPR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

GENERIC PACKAGE VIEW
PHP 48 TQFP - 1.2 mm max height

7 x 7, 0.5 mm pitch QUAD FLATPACK

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

4226443/A
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MECHANICAL DATA

PHP (S—PQFP-G48) PowerPAD™ PLASTIC QUAD FLATPACK
0,50 i 08 @
N
HHHHHHHH il
37 % I_ _I % 24
P— — Thermal Pad
— | | — (See Note D)
48 i l_ - = _I % 13
AL LEEEE
o g
%3 SQ $ ¥ || Gage Planef
- Z—gg Q ——» o
1,05 8%
0%
Ly uuuuuuuuuuﬁm 4 Seating Plone 0%
— 1,20 MAX 'N]0,08
4146927 /B 08/03

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

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 Literature No. SLMA0O2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.

E. Falls within JEDEC MS-026

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PHP (S—PQFP-G48) PowerPAD™ PLASTIC QUAD FLATPACK
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. SIMAQQ2 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.

36 ‘ 25
@o,zo—» —
37 1T ~ : VT4
== T ==
0,20
—— | | | - "
posed Thermal Pad
—— | | ———
s B - —
490 —— . L ———
3,87 ,—,——| {—_l_
—— | | ———
- — | | | T
, — 5 5
48 T & T I — T 13
1 12
4.90
< 3,87 >
Top View

Exposed Thermal Pad Dimensions

4206329-4/P 03/15

NOTE: A. All linear dimensions are in millimeters

@ Tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PHP (S—PQFP—G48) PowerPAD™ PLASTIC QUAD FLATPACK

Note D

25¢90,33 —| | |:|

_— —

Example Board Layout 0,127mm Thick Stencil Design Example
Via pattern and copper pad size Reference table below for other
may vary depending on layout constraints solder stencil thicknesses
(Note E)
_>| 44X0,5 48X1,55 _>| |<_ 44X0,5
— [~—20x1,0 — il:l —
— — — —
— 6 6 o ofo — 48x0,25—f — —
— +90 — — —
— o O O 04 90O — —— 490y —
— ) — —— J ——
— |90 O 00| — 82 — — B8
—— O—{ o o olo —— — —
20x1,0 — 4,90
— y —— —— ——
— [®]° O oy0| /= — X —
— I — —— ——
A 8,2 8,2
/
/Non Solder Mask Defined Pad
/ //—_-—\'\
™~ Example Solder Mask Opening
(Note F) Center Power Pad Solder Stencil Opening
| |=—03 Stencil Thickness X Y
' 0.1mm 5.20 5.20
0.127mm 4.90 4.90
0.152mm 4.50 4.50
L | 0.178mm 4.25 4.25
Pad Geometry
16— —>I<— 0,05 / (Note C)
All Around
~~
I 4207626-4/1 10/15

NOTES:

o ow>

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

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. SLMAQQO2, SLMAQQ4, and dlso 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>.

Laser cutting apertures with trapezoidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting

options for vias placed in the thermal pad.

PowerPAD is a trademark of Texas Instruments
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