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THE PAM8007 IS NOT RECOMMENDED FOR NEW DESIGNS.
PLEASE USE THE PAMS8019E.

PAM8007

FILTERLESS 3W CLASS-D STEREO AUDIO AMPLIFIER

WITH DC VOLUME CONTROL AND HEADPHONE OUTPUT

Description

Pin Assignments

The PAMB8007 is a 3W, Class-D audio amplifier with headphone
amplifier. Advanced 64-Step DC volume control minimizes external
components and allows speaker volume control and headphone
volume control. It offers low THD+N, to produce high-quality sound
reproduction. The new filterless architecture allows the device to drive
the speaker directly, without low-pass output filters which will save 30%
system cost and 75% PCB area.

With the same numbers of external components, the efficiency of the
PAMB8007 is much better than class-AB cousins. It can extend the

battery life thus be ideal for portable applications.

The PAMB8007 is available in a SSOP-24 and SOP-24 package.

Features

e  3W Output at 10% THD with a 4Q Load and 5V Power Supply

. Filterless, Low Quiescent Current and Low EMI

. Low THD+N

e  64-Step DC Volume Control

e  Headphone Output Function

e  Superior Low Noise

e Low Pop Noise

e  Efficiency up to 92%

e Short-Circuit Protection

e  Thermal Shutdown

e Few External Components to Save the Space and Cost

e  Pb-Free Package

e For automotive applications requiring specific.change
control (i.e. parts qualified to AEC-Q100/101/104/200, PPAP
capable, and manufactured in JATF 16949 certified facilities),
please contact us or your local Diodes representative.
https://www.diodes.com/quality/product-definitions/
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Applications

e  LCD monitors/TV projectors

e  Notebook computers
e  Portable speakers

e  Portable DVD players, game machines

e  VolP/speaker phones
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PAM8007

Typical Applications Circuit
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Pin Descriptions
Pin Number Pin Name Function
1 -OUT_L Left Channel’Negative Output
2 PGNDL Left Channel Power{GND
3 PGNDL Left €hannel Power GND
4 +OUT_L Left ChannelfPositiveiOutput
5 PVYDDL Left Channel Power Supply
6 MUTE Mute Centrol Input (active low)
7 VDD Analog VDD
8 INL Left. Channel'lnput
9 EarlnL Left Earphone Input
10 vDC Analog Reference for Gain Control Section
11 VOLUME DCVolume Control to Set the Gain of Class-D
12 EarOutL Left Earphone Output (Non-Inverting)
13 EarOutR Right Earphone Output (Non-Inverting)
14 VREE Internal Analog Reference, connect a bypass capacitor from VREF to GND
15 LINE/EAR Line/Earphone Switch. Speaker Output (active low), Earphone Output (active high)
16 EarinR Right Earphone Input
17 INR Right Channel Input
18 GND Analog GND
19 SHDN Shutdown Control Input (active low)
20 PVDDR Right Channel Power Supply
21 +OUT_R Right Channel Positive Output
22 PGNDR Right Channel Power GND
23 PGNDR Right Channel Power GND
24 -OUT_R Right Channel Negative Output
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Functional Block Diagram
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Absolute Maximum RatingS (@i = +25°Cdinlessotherwise specified.)

These are stress ratings only and functienal operation is notimplied. Exposure to absolute maximum ratings for prolonged time periods may affect
device reliability. All voltages are with respect to ground.

Parameter Rating Unit
Supply Voltage 6.0
\%
Input Voltage -0.3 to Vop +0.3
MaximumyJunetion Temperature +150
Storageslemperature -65 to +150 °C
Soldering Temperature +300, 5sec
Recommended Operating Conditions (@Ta = +25°C, unless otherwise specified.)
Parameter Rating Unit
Supply Voltage Range 25t05.5 \%
Ambient Operation Temperature Range -20 to +85 °C
Junction Temperature Range -20 to +125 °C
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PAM8007
Thermal Information
Parameter Package Symbol Max Unit
) ) ) SSOP-24 90
Thermal Resistance (Junction to Ambient) AT
SOP-24 79.2
°CIW
. . SSOP-24 32
Thermal Resistance (Junction to Case) 8ic
SOP-24 27
Electrical CharacteristiCS (@Ta = +25°C, Vop = 5V, Gain = 24dB, RL = 8Q, unless otherwise specified.)
Parameter | Symbol Test Conditions | Min l Typ Max | Units
Class D Stage
Supply Voltage Range VbD — 25 > 5.5 Y,
Quiescent Current lo No Load — 12 16 mA
Output Offset Voltage Vos No Load — 10 50 mV
. . P MOSFET — 0.23 —
Drain-Source On-State Resistance Rpson) | Ips = 0.5A Q
N MOSFET — 0.17 —
THD+N = 10% RE=8Q 1.55 1.75 —
Output Power Po _ w
P f= 1kHz RL=40 2.85 34 —
N ) . RL =8Q, Po = 1W, f ="1kHz — 0.12 —
Total Harmonic Distortion Plus Noise THD+N %
RL =4Q, Po =2W, = 1kHz — 0.15 —
Power Supply Ripple Rejection PSRR Input AC-GNDyf =1kHz, Vrp = 200mV Y | 63 — dB
Channel Separation CSs Vo = IVRwms, f'= 1kHz — -88 — dB
Oscillator Frequency fosc — 200 250 300 kHz
. Po = 1.75W, f,= 1kHz, R¢= 8Q 85 92 — %
Efficiency n
Po = 3.0W, f = 1kHz, RL = 4Q 80 88 — %
- A-Weightin — 65 —
Noise VN Inp_ut_AC GND 2 , g. A%
Gain = 12dB No A-Weighting — 90 —
Signal Noise Ratio SNR f=20to 20kHz, THD =1% — 84 — dB
Earphone Stage
Output Power Po THD+N =1%, R = 32Q, f = 1kHz — 69 — mw
Total Harmonic Distortion Plus:Noise THD+N RL=32Q,Po= 10mW, f = 1kHz — 0.04 — %
Power Supply Ripple Réjection PSRR Input. AC-GND, f = 1kHz, Vep = 200mV — 73 — dB
Channel Separation CS Vo = 1VRws, f = 1kHz — 95 — dB
A-Weightin — 19 —
Noise VN Input g - g - uv
AC-GND No A-Weighting — 25 —
Signal Noise Ratio SNR f =20 to 20kHz, THD = 1% — 97 — dB
Control Section
Mute Current IMUTE VmuTE = 0V — 8 12 mA
Shutdown Current ISHDN VsHDN = 0V — —_ 20 A
SHDN Input High VsH —_ 15 —_ —_ v
"SHDN Input Low VsL — — — 0.4
MUTE Input High VMH — 15 — — v
MUTE Input Low VML — — —_ 0.4
Line/Ear Input High VDH — 25 — — v
Line/Ear Input Low VbL — — — 0.4
Overtemperature Protection OTP — — +150 — °C
Overtemperature Hysteresis OTH — — +30 — °C
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Typical Performance CharacteristiCs (@Ta = +25°C, unless otherwise specified.)

Speaker
1. THD+N vs Quiput Power

2. THD+N vs Qutput Power
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Typical Performance Characteristics (continued) (@Ta = +25°C, unless otherwise specified.)
Speaker
7. Frequency Response 8. Noise Floor
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Typical Performance Characteristics (continued) (@Ta = +25°C, unless otherwise specified.)

Speaker (continued)

13. Output Power VS Supply Voltage

14. Output Power VS Supply Voltage
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Typical Performance Characteristics (continued) (@Ta = +25°C, unless otherwise specified.)

Earphone Output

1. THD+N vs Output Power
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2. THD+N vs Output Power
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Typical Performance Characteristics (continued) (@Ta = +25°C, unless otherwise specified.)

Earphone Output (continued)

7. Frequency Response 8. Moise Floor
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Typical Performance Characteristics (continued) (@Ta = +25°C, unless otherwise specified.)

Table 1. DC Volume Control

STEP Class b Earphone STEP Class b Earphons
1 -80 -80 33 11.6 -9.2
2 -40 -60 34 12.0 -8.6
3 -34 -50 35 12.4 -8.0
4 -28 -40 36 12.8 -7.4
5 -22 -37.7 37 13.2 -6.8
6 -16 -35.4 38 13.6 -6.2
7 -10 -33.1 39 14.0 -5.7
8 -7.5 -30.8 40 14.4 -5.2
9 -5 -28.5 41 14.8 -4.7
10 -2.5 -27.5 42 15.2 -4.2
11 0 -26.4 43 15.6 -3.7
12 1.5 -25.3 44 16.0 -3.2
13 3.0 -24.2 45 16.4 2.7
14 4.0 -23.1 46 16.8 -2.2
15 4.4 -22.2 47 17.2 -1.8
16 4.8 -21.4 48 17.6 -1.4
17 5.2 -20.6 49, 18.0 -1.0
18 5.6 -19.8 50 18.4 -0.6
19 6.0 -19.0 51 18.8 -0.2
20 6.4 -18.2 52 19.2 0.2
21 6.8 -17.4 53 19.6 0.6
22 7.2 -16.6 54 20.0 0.9
23 7.6 -15.9 55 20.4 1.2
24 8.0 -152 56 20.8 1.5
25 8.4 -14.5 57 21.2 1.8
26 8.8 =13.8 58 21.6 2.1
27 9.2 =13.1 59 22.0 2.4
28 9.6 -12.4 60 22.4 2.7
29 10.0 -11.7 61 22.8 2.9
30 10.4 -11.0 62 23.2 3.1
31 10.8 -10.4 63 23.6 3.3
32 11.2 -9.8 64 24.0 35
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Application Information

Mute Operation

The MUTE pin is an input for controlling the output state of the PAM8007. A logic low on this pin disables the outputs, and a logic high on this pin
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 Characteristics table. The MUTE pin can be left floating due to the internal pullup.

For the best power on/off pop performance, the amplifier should be placed in the MUTE mode prior to turning on/off the power supply.

Shutdown Operation

In order to reduce power consumption while not in use, the PAM8007 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 PAM8007 supply current draw will be
minimized in idle mode. The SHDN pin can be left floating due to the internal pullup.

Line/Ear Operation
In order to control the speaker/headphone switch, the PAM8007 contains detect circuitry. When liné/earlogic lows speaker active; when logic high,
earphone active.

Power Supply Decoupling

The PAMB8007 is a high-performance CMOS audio amplifier that requires an adequate power supply decouplingito ensure the output THD and
PSRR are as low as possible. Power supply decoupling affects low frequency<on thespower, supply leads for higher frey response. Optimum
decoupling is achieved by using two capacitors of different types that target differentdypes ofrnoise frequencyitransients, spike, 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 Vpp terminal
works best. For filtering lower-frequency noise signals, a large capacitoreof 10uF (ceramic) or greater placedinear the audio power amplifier is
recommended.

Input Capacitor (Ci)

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, inout
capacitor (Ci) and input resistance (Ri) of the amplifier form‘ashigh-pass filter with the corner frequency determined equation below:

1
©TonRG

In addition to system cost and size, click and pop performance is affected by the size of the input coupling capacitor, Ci. A larger inout coupling
capacitor requires more charge to‘reach its quiescent.DC voltage (nominally ¥z Vpp). This charge comes from the internal circuit via the feedback
and is apt to create pops upon deviceienable. Thus, by minmizing the capacitor size based on necessary low frequency response, turn-on pops can
be minimized.

Analog Reference Bypass Capaciton,(Cgyp)

Analog Reference Bypass Capacitior (Ceyp) iSithe most critical capacitor and serves several important functions. During startup or recovery from
shutdown 'mode; Cayp determines the rate at which the amplifier starts up. The second function is to reduce noise produced by the power supply
causediby.coupling into the oudtput'device signal. The noise is from the internal analog reference to the amplifier, which appears as degraded PSRR
and THD+N.

A ceramic bypass capacitor (Csyp) of 0.47uF to 1.0pF 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.

Short-Circuit Protection (SCP)
The PAM8007 has short-circuit protection circuitry on the outputs that prevents the device from damage when output-to-output and output-to GND
short. When a short circuit is detected on the outputs, the outputs are disabled immediately. If the short was removed, the device is activated again.

PAMS007 11 of 17 July 2024

Document number: DS36430 Rev. 2 - 3 www.diodes.com © 2024 Copyright Diodes Incorporated. All Rights Reserved.


http://www.diodes.com/

DrCOES. PANIB007

I M €C O R P ORATE D

Application Information (continued)

Overtemperature Protection

Thermal protection on the PAM8007 prevents the device from damage when the internal die temperature exceeds +150°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 (Electromagnetic 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).

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

F e 3
oOuUT+ o

ool

£ mea
ouT-

Ee

[

Figure 1. Fefrite 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 elsewheregthey may get.into the power supply, the signal ground, etc, worse yet,
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. Thisds theiperfect point.to whichthe output noise ground trace should return. Also note that output noise
ground is channel specific. A two-channehamplifier has two sepérate channelsiand consequently must have two seperate output noise ground traces.
The layout of the PAM8007 offers separate RGND 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 in exclusively. Signal.currénts 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.

PCB Layout Example

Figure 2. Top Layer Figure 3. Bottom Layer
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Application Information (continued)

Test Setup for Performance Testing (Class D)

1. When the PAM8007 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 PAM8007 works without LC filters, it is better to add a ferrite chip bead at the outgoing line of speaker for suppressing the possible
electromagnetic interference.

3. The absolute maximum rating of the PAM8007 operation voltage is 6.0V. When the PAM8007 is powered with four battery cells, it should be
noted that the voltage of four new dry or alkaline batteries is over 6V, higher than its maximum operation voltage, which probably make the
device damaged. Therefore, it's recommended to use either four Ni-MH (Nickel Metal Hydride) rechargeable batteries or three dry or alkaline
batteries.

4, The input signal should not be too high, if too high, it will cause the clipping of output signal when increasing the veolume. Because the DC
volume control of the PAM8007 has big gain, it will make the device damaged.

5. When testing the PAM8007 without LC filters by using resistor instead of speaker as the output load, the test results, e.g. THD or efficiency,
will be worse than those using speaker as load.

PAM8007 Demo Board
Load
+OUT + AP
Audio Precision Input Low Pass AP System
(AP) System Filter Analyzer
Generator
GND -OuT * AUX-0025
VDD
e
Rower Supply
Notes: 1. The Audio Precision (AP) AUX0025 low pass filter is necessary for.class-D amplifier measurement with AP analyzer.
2. Two 22uH inductors are used iniseri€s with load resistor to'emulate the,small speaker for efficiency measurement.
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Ordering Information
PAM8007 X X X
Package Type ||Number of Pins | |Shipping Package
N: SSOP-24 H: 24 R: Tape&Reel
D: SOP-24
Packing
Part Number Package -
Qtys Carrier
PAMB8007NHR SSOP-24 2500,Units Tape & Reel
PAM8007DHR SOP-24 1000 Units Tape & Reel
Marking Information
SSOP24 SOP24
Top View Top View
-OUT_L [T] ~ [24]-OUTER -ouT_L E1] = [24]-0UT_R
PGNDL [ [773] PGNDR PGNDRI[ 24} [73] PGNDR
PGNDL [T %< 221 PGNDR PGNDL 2] ¢ [Z2] PGNDR
+OUT_L ] > T [ZT]+0UT_R +OUn. L 2T X U [ZT]+0OUT_R
pvoDL (5] x> [Z0]'RVDDR PvDDRE] § § [207 PYDDR
MUTE (& g § [TT1SHDN MOTE [&] <o [T9] SHDN
vDD [ S © 18]/ GND vop [ s 8 18] GND
NCE] =y [EONR nE] = [OwR
EarinL [ - [T6] Eannr EarinL [ — [15] EarinR
vbc [0 [15] LINE/EAR vDc [10] [T5] LINE/EAR
VvOLUME [T T3] VREF voLume OT] [14] VREF
EarOutly[TZ] [(IEaEarOutR EaroutL (12} [T3] EarOutR
X: Internal Code
Y. Year
WW: Week
LL: Internal Code
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Package Outline Dimensions (all dimensions in mm.)

Please see http://www.diodes.com/package-outlines.html for the latest version.
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Package Outline Dimensions (continued) (All dimensions in mm.)

Please see http://www.diodes.com/package-outlines.html for the latest version.

SOP-24

NOTES:

1.JEDEC OUTLINE : MS—013 AD

2LDIMENSIONS D" DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRSMOLD FLASH, PROTRUSIONS
AND CATE BURRS SHALL NOT EXCEED .1Smm (.00in)
PER SIDE.

3.DIMENSIONS "E™ DOES NOT INCLUDE INTER-LEAD FLASH,
OR PROTRUSIONS. INTER-LEAD FLASH AND PROTRUSIDNS
SHALL NOT EXCEED .25mm (.01Qin} PER SIDE.
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH
REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY
RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any product
described herein. This document is intended for skilled and technically trained engineering customers and users who design with Diodes’ products.
Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are responsible for (a) selecting
the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their intended applications, (c) ensuring
their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory requirements<as wellias safety and functional-
safety related standards, and (d) ensuring they design with appropriate safeguards (including testing, validation, quality control techniques,
redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes from
time to time. Any customer or user of this document or products described herein will assume all risks;and liabilities‘associated with such use, and
will hold Diodes and all companies whose products are represented herein or on Diodes’ websitesy harmless against all damages and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent applications.
Product names and markings noted herein may also be covered by one or more United States, international or foreign.trademarks and trademark
applications. Diodes does not convey any license under any of its intellectual property rightserthe rights of any third parties (including third parties
whose products and services may be described in this document or on Diodes’ website) under this document.

5. Diodes’ products are provided subject to Diodes’ Standard Terms and Conditions of Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document does not
alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or@accept any_liability: whatseever in respect of any products
purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any proeducts or systems whose manufacture, use or sale is
prohibited under any applicable laws and regulations. Should customers or users use Diodes’ proeductssin’contravention of any applicable laws or
regulations, or for any unintended or unauthorized application, customers- and users will (a)e solely responsible for any damages, losses or
penalties arising in connection therewith or as a result thereof, and (b). indemnify andshold Diodesfand its representatives and agents harmless
against any and all claims, damages, expenses, and attorney fees arising out of, directly orindireetly, any claim relating to any noncompliance with
the applicable laws and regulations, as well as any unintended or, unauthorized application.

7. While efforts have been made to ensdre the infermation contained, in this document is accurate, complete and current, it may contain
technical inaccuracies, omissions and typographical errors. Diodes does, not warrant that information contained in this document is error-free and
Diodes is under no obligation to update or,otherwise correct this information. Notwithstanding the foregoing, Diodes reserves the right to make
modifications, enhancements, improvements, corregtions or other changes without further notice to this document and any product described herein.
This document is written in English butimay be translated into multiple languages for reference. Only the English version of this document is the final
and determinative format released by Diodes.

8. Any unauthorized e@pying; modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility’for any losses incurredby'the customers or users or any third parties arising from any such unauthorized
use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes lago is a registered trademark,of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of theirrrespective owners.
© 2024 Diodes Incorporated. All Rights Reserved.
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