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PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Features

B 3W Outputat 10% THD with a 4Q Load and
5V Power Supply
B Filterless, Low Quiescent Current and Low

General Description

The PAM8603M is a 3W, sterero, class-D audio
amplifier with DC volume control. It offers low
THD+N, allowing it to produce high-quality sound

EMI reproduction. The new filterless architecture
® Low THD+N allows the device to drive the speaker directly,
B 64-Step DC Volume Control from -75dB to requiring no low-pass output filters, which saves

+24dB the system cost and PCB area.

B Superior Low Noise

B Efficiency up to 89% With the same numbers of external components,
B Short Circuit Protection the efficiency of the PAM8603M is much better
B Thermal Shutdown than class-AB cousins. It can extend the battery
B Few External Components to Save the life thus ideal for portable applications.

Space and Cost

B Pb-Free Package The PAM8603M is available in SSOP-24 and
SOP-18 packages.
Applications
B LCD Monitors/TV Projectors
B Notebook Computers
B Portable Speakers
B Portable DVD Players, Game Machines
B Cellular Phones/Speaker Phones

Typical Application Circuit
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A PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Block Diagram

VDD PVDDR PGNDR
L L
INR | DRIVER ::: +OUTR
MODULATOR [ | -OUTR
ik
THERMAL
——1 proTECTION
»
vDC = |5
VOLUME 2| 15
o - INTERNAL
MUTE 8 [»o OSCILLATOR REFERENGES [« Pl VREF
SHDN § &
- 2]
s| |a J
] OSC v
CURRENT
PROTECTION
v
MODULATOR > +OUTL
INL ] PRUVER ::I-OUTL
L i i
GND PVDDL PGNDL
Pin Configuration & Marking Information
Top View Top View
SSOP-24 SOP-18
sOUTL 1|  ~—  [J24 +OUTR soutL L] ~— |18 +outr
PGNDL 2 [ 123 PGNDR PGNDL 2[] o 117 PGNDR
PGNDL 3 [ < —22 PGNDR ouTL3 ] X  [J16-OUTR
-OUTL 4 [ K g — 21 -OUTR PVDDL 4[] § = —]15 PVDDR
PVDDL 5[] Xz — 120 PVDDR MUTE 5[] = g 114 SHDN
MUTE 6 [ g oo —119 SHDN VDD 6] SO 113 GND
voo 7] 2 S [I18 GND g R
INL 8 ] << 117 INR vDC 8[| < 111 NC
NG 9 [ L= 116 NC VOLUME 9[] 110 VREF
VDC10 [ —115 NC
VOLUME 11 [ — 114 VREF
Nc12 [ 113 NC
X: Internal Code
Y: Year
WW: Week
Power Analog Microelectronics, Inc
www.poweranalog.com 10/2008 Rev 1.0



A PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Pin Descriptions

Pin Name SSOP-24 SOP-18 Description
+OUTL 1 1 Left Channel Positive Output
PGNDL 2,3 2 Left Channel Power GND
-OUTL 4 3 Left Channel Negative Output
PVDDL 5 4 Left Channel Power Supply
MUTE 6 5 Mute Control Input (active low)
VDD 7 6 Analog Power Supply
INL 8 7 Left Channel Input
NC 9,12,13,15,16 11 No Connect
VDC 10 8 Analog reference for gain control section
VOLUME 11 9 DC volume control to set the gain of Class-D
VREF 14 10 I\?gaé?:atloag?\ll%g reference, connect a bypass capacitor from
INR 17 12 Right Channel Input
GND 18 13 Analog Ground
SHDN 19 14 Shutdown Control Input(active low)
PVDDR 20 15 Right Channel Power Supply
-OUTR 21 16 Right Channel Negative Output
PGNDR 22,23 17 Right Channel Power GND
+OUTR 24 18 Right Channel Positive Output

Absolute Maximum Ratings
These are stress ratings only and functional operation is not implied. Exposure to absolute

maximum ratings for prolonged time periods may affect device reliability. All voltages are with
respect to ground.

Supply Voltage ....cooviiiiii 6.6V Maximum Junction Temperature.................. 150°C
Input Voltage........ccoooveiiiiiin. -0.3V to V,,+0.3V  Storage Temperature..................... -65°C to 150°C
Soldering Temperature...................... 300°C, 5sec

Recommended Operating Conditions

Supply Voltage Range....................... 2.8V to 5.5V Junction Temperature Range......... -40°C to 125°C
Max. Supply Voltage (for Max. duration of Ambient Temperature Range............ -40°C to 85°C
30 MiIiNUtES)..oe 6.4V

Thermal Information

Parameter Symbol Package Maximum Unit
. . . SSOP-24 96 °C/IW

Thermal Resistance (Junction to Ambient) 0,a
SOP-18 70 °C/W
. . SSOP-24 18 °C/W

Thermal Resistance (Junction to Case) B¢
SOP-18 16 °C/W

Power Analog Microelectronics, Inc
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PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

A

Electrical Characteristic

V=5V, Gain=20dB,T,=25°C, unless otherwise noted.

Symbol Parameter Test Conditions MIN | TYP |MAX|UNIT
Vbb Supply Voltage 2.8 55| V
Vpp=5.0V 285| 32
THD+N=10%, f=1kHz,R, =4Q w
Vpp=3.6V 1.55( 1.8
Vpp=5.0V 235| 26
THD+N=1%, f=1kHz, R =4Q w
Po Output Power
Vpp=5.0V 1.55| 1.8
THD+N=10%, f=1kHz,R =8Q w
Vpp=3.6V 0.75| 09
Vpp=5.0V 1.15( 14
THD+N=1%,f=1kHz,R =8Q w
Vpp=3.6V 05| 0.72
Vpp=5.0V,Po=0.5W,R, =8Q 0.15 | 0.3
f=1kHz %
THD+N Total Harmonic Vpp=3.6V,Po=0.5W,R =8Q 0.11 [0.25
Distortion Plus Noise Vpp=5.0V,Po=1W,R =4Q 0.15 | 0.3
f=1kHz %
Vbp=3.6V,Po=1W,R =4Q 0.11 10.25
Power Supply Ripple f=100Hz -59 | -50
PSRR o Vpp=5.0V, Inputs ac-grounded dB
Rejection f=1kHz -58 | -50
Cs Crosstalk Vpp=5V,P0o=0.5W, R =8Q,f=1kHz -95 | -80 | dB
SNR | Signal-to-noise ratio Vpp=5V, Vo_rms=1V, f=1kHz 85 98 dB
. Vpp=5Y, Inputs ac-grounded | A-weighting 75 150
Vn Output noise , , WY
with Cin=0.47uF No A-weighting 120 | 300
Dyn Dynamic range Vpp=5.0V, THD=1%, f=1kHz 90 102 dB
. R, =8Q, THD=10% 85 89
n Efficiency f=1kHz %
R.=4Q, THD=10% 80 85
. Vpp=5V 135 | 20
lq Quiescent Current No load mA
Vpp=3.6V 8.5 15
Imute | Muting Current Vpp=5.0V, Vyy1e=0.3V 2.7 5 | mA
Isp Shutdown Current Vpp=2.5V to 5.5V, V5p=0.3V 1 MA
Static Drain-to-source PMOS 240 | 500
Rdson ] Ips=500mA,Vgs=5V mQ
On-state Resistor NMOS 180 | 350
fsw Switching Frequency Vpp=3V to 5V 200 [ 260 | 300 | kHz
Vos Output Offset Voltage Vin=0V, Vpp=5V 10 50 | mV
Vi SD/MUTE Input High Vpp=5V 1.45 y
Vi SD/MUTE Input Low Vpp=5V 0.65
Over Temperature
OTP i . 135
Protection No Load, Junction Temperature, Vpp=5V °C
OTH | Over Temperature Hysterisis 30
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PAM8603M

A
3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Typical Operating Characteristics (1,=25°C)

1. Efficiency VS Output Power 2. Efficiency VS Output Power
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PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Typical Operating Characteristics(t,=25°C)

7. Frequency Response
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A PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Typical Operating Characteristics (1,=25°C)
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PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Table 1. DC Volume Control

STEP Gain (dB) STEP Gain (dB)
0 75 32 116
1 -40 33 12
2 -34 34 12.4
3 -28 35 12.8
4 22 36 13.2
5 -16 37 13.6
6 -10 38 14
7 75 39 14.4
8 5 40 14.8
9 25 41 15.2
10 0 42 15.6
11 15 43 16
12 3 44 16.4
13 45 16.8
14 4.4 46 17.2
15 4.8 47 17.6
16 5.2 48 18
17 5.6 49 18.4
18 6 50 18.8
19 6.4 51 19.2
20 6.8 52 19.6
21 7.2 53 20
22 7.6 54 20.4
23 8 55 20.8
24 8.4 56 21.2
25 8.8 57 21.6
26 9.2 58 22
27 9.6 59 22.4
28 10 60 22.8
29 10.4 61 23.2
30 10.8 62 23.6
31 11.2 63 24
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PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Application Notice

1. When the PAM8603M works with LC filters, it
should be connected with the speaker before it is
powered on, otherwise it will be damaged easily.

2. When the PAM8603M works without LC
filters, it's better to add a ferrite chip bead at the
outgoing line of speaker to suppress the possible
electromagnetic interference.

Test Setup for Performance Testing

PAM8603M Demo Board

Load

&

3. Theinputsignal should not be too high. If too
high, it will cause the clipping of output signal
when increasing the volume. Because the DC
volume control of the PAM8603M has big gain, it
will make the device damaged.

4. When testing the PAM8603M without LC
filters by using resistor instead of speaker as the
output load, the test results, e.g. efficiency, will
be worse than those using speaker as load.

AP
LPF AP System
Analyzer
AUX-0025

+OUT
AP System Input
Generator
Power Supply
Notes

1. The AP AUX-0025 low pass filter is necessary for class-D amplifier measurement done by AP analyzer.
2. Two 22pH inductors are used in series with load resistor to emulate the small speaker for efficiency

measurement.

Power Analog Microelectronics, Inc
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PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Application Information

Mute Operation

The MUTE pin is an input for controlling the
output state of the PAM8603M. A logic low on this
pin disables the outputs, and a logic high enables
the outputs. This pin may be used as a quick
disable or enable of the outputs without a volume
fade. Quiescent current is listed in the electrical
characteristic table. The MUTE pin can be left
floating due to the internal pull-up .

For better power-off pop performance, the
amplifier should be placed in the mute mode prior
to removing the power supply.

Shutdown Operation

In order to reduce power consumption while notin
use, the PAM8603M contains shutdown circuitry
to turn off the amplifier's bias circuitry. The
amplifier is turned off when logic low is placed on
the SHDN pin. By switching the SHDN pin
connected to GND, the PAM8603M supply current
draw will be minimized in idle mode. The SHDN
pin can be left floating due to the internal pull-up.

Power Supply Decoupling

The PAM8603M is a high performance CMOS
audio amplifier that requires adequate power
supply decoupling to ensure the output THD and
PSRR as low as possible. Power supply
decoupling affects low frequency response.
Optimum decoupling is achieved by using two
capacitors of different types that target different
noise on the power supply leads. For higher
frequency transients, spikes, or digital hash on
the line, a good low equivalent-series resistance
(ESR) ceramic capacitor, typically 1.0uF, placed
as close as possible to the device VDD terminal
works best. For filtering lower-frequency noise
signals, a large capacitor of 10uF (ceramic) or
greater placed near the audio power amplifier is
recommended.

Input Capacitor (C)

Large input capacitors are both expensive and
space hungry for portable designs. Clearly, a
certain sized capacitor is needed to couple in low
frequencies without severe attenuation. But in
many cases the speakers used in portable
systems, whether internal or external, have little
ability to reproduce signals below 100Hz to
150Hz. Thus, using a large input capacitor may
not increase actual system performance. In this

case, input capacitor (C;) and input resistance (R))
of the amplifier form a high-pass filter with the
corner frequency determined equation below,

1
21RCi

In addition to system cost and size, click and pop
performance is affected by the size of the input
coupling capacitor, C. A larger input coupling
capacitor requires more charge to reach its
quiescent DC voltage (nominally 1/2 V). This
charge comes from the internal circuit via the
feedback and is apt to create pops upon device
enable. Thus, by minimizing the capacitor size
based on necessary low frequency response,
turn-on pops can be minimized.

fe=

Analog Reference Bypass Capacitor (Cg,;)

The Analog Reference Bypass Capacitor (C,;) is
the most critical capacitor and serves several
important functions. During start-up or recovery
from shutdown mode, C,,, determines the rate at
which the amplifier starts up. The second function
is to reduce noise produced by the power supply
coupling in the output drive signal. This noise is
from the internal analog reference to the amplifier
which appears as degraded PSRR and THD+N.

A ceramic bypass capacitor (C,,,) of 0.47pF to
1.0uF is recommended for the best THD and noise
performance. Increasing the bypass capacitor
reduces clicking and popping noise from power
on/off and entering and leaving shutdown.

Under Voltage Lock-out (UVLO)

The PAM8603M incorporates circuitry to detect
low supply voltage. When the supply voltage
drops to 1.8V or below, the PAM8603M outputs
are disable. The device resumes to normal
functional once V,, =2.0V.

Short Circuit Protection (SCP)

The PAM8603M has short circuit protection
circuitry on the outputs to prevent the device from
damage when output-to-output or output-to-GND
short. When a short circuit is detected on the
outputs, the outputs are disable immediately. If
the short was removed, the device activates
again.

Power Analog Microelectronics, Inc
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PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Over Temperature Protection

Thermal protection on the PAM8603M prevents
the device from damage when the internal die
temperature exceeds 135°C. There is a 15 degree
tolerance on this trip point from device to device.
Once the die temperature exceeds the thermal set
point, the device outputs are disabled. This is not
a latched fault. The thermal fault is cleared once
the temperature of the die is reduced by 30°C.
This large hysteresis will prevent motor boating
sound well. The device begins normal operation
at this point without external system interaction.

How to Reduce EMI
Interference)

A simple solution is to put an additional capacitor
1000uF at power supply terminal for power line
coupling if the traces from amplifier to speakers
are short (<20cm).

(Electro Magnetic

Most applications require a ferrite bead filter as
shown at Figure 3. The ferrite filter reduces EMI of
around 1 MHz and higher. When selecting a ferrite
bead, choose one with high impedance at high
frequencies, and low impedance at low
frequencies (MH2012HM221-T).

&5

OuT+

=—=200pF

ot

OuUT-

&5

j|i200pF

Figure 3: Ferrite Bead Filter to Reduce EMI

PCB Layout Guidelines Grounding

At this stage it is paramount to notice the
necessity of separate grounds. Noise currents in
the output power stage need to be returned to
output noise ground and nowhere else. Were
these currents to circulate elsewhere, they may
get into the power supply, the signal ground, etc,
even worse, they may form a loop and radiate
noise. Any of these cases results in degraded
amplifier performance. The logical returns for the
output noise currents associated with Class-D
switching are the respective PGND pins for each
channel. The switch state diagram illustrates that
PGND is instrumental in nearly every switch
state. This is the perfect point to which the output
noise ground trace should return. Also note that
output noise ground is channel specific. A two-
channel amplifier has two seperate channels and
consequently must have two seperate output
noise ground traces. The layout of the PAM8603M
offers separate PGND connections for each
channel and in some cases each side of the
bridge. Output noise grounds must be tied to
system ground at the power exclusively. Signal
currents for the inputs, reference, etc need to be
returned to quite ground. This ground is only tied
to the signal components and the GND pin, and
GND then tied to system ground.

Power Analog Microelectronics, Inc
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PAM8603M

P/AM
A 3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Ordering Information

PAM8603M X X X

Shipping Package (R: Tape & Reel, T: Tube)
Number of Pins (H: 24, E: 18)

Package Type (N: SSOP, D: SOP)

Part Number Marking Package Type MOQ/Shipping Package
PAM8603M .
PAM8603MNHR SSOP-24 2,500 Units/Tape & Reel
XXXYWWLL
PAM8603M ,
PAM8603MDER SOP-18 1,000 Units/Tape & Reel
XXXYWWLL
PAM8603M .
PAM8603MDET SOP-18 40 Units/Tube
XXXYWWLL

Power Analog Microelectronics, Inc
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A PAM8603M

3W Filterless Stereo Class-D Audio Amplifier with DC Volume Control

Outline Dimension

SSOP-24
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0.008TYP Al 0.004 - 0.010
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E 0228 | 0.236 0.244
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Outline Dimension

SOP-18
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MILLIMETER
SYMBOL
MIN NOM MAX

A - - 2.70
A1 0.08 0.18 0.30
A2 210 2.30 2.50
A3 0.92 1.02 1.12
b 0.35 - 0.44
b1 0.34 0.37 0.39
c 0.26 - 0.31
cl 0.24 0.25 0.26
D 11.25 11.45 11.76
E 10.00 10.30 10.64
E1 7.30 7.50 7.70
e 1.27BSC
L 070 | 085 | 1.00
L1 1.40BSC
0 o | - | &
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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