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INTRODUCTION

The basic components of any sound-reproducing system, without dependence from its class is the power ampli-
fier of audio frequencies called also the power audio amplifier.

With reference to consumer and professional electronics equipments, the greatest popularity are the integrated
circuits- power audio amplifiers, due to their advantages - schematic simplicity, small dimensions, large range of
output powers, functionality.BA0001

For correct usage of integrated circuits of the power audio amplifiers, irrespective of a field of application, it is
necessary to know following:

- Function of integrated circuit;
- The main electrical characteristics;
- Schematic of connection and (or) internal structure;
- Package type;
- Equivalents (replacements).
In the literature, the great many of the characteristics which one describe the electrical and operational param-

eters of power audio amplifiers depending on evaluation yardsticks and can give completely different estimations to
quality of operation of a amplifiers. Main of parameters used for the description of power audio amplifiers is following:
a gain; a bandwidth; a dynamic (phase, phase-frequency, peak (amplitude)) characteristic; linear and nonlinear
distortions; efficiency; input characteristics (impedance, current, voltage and power, impedance of a source of an
input sound signal); output characteristics (impedance, current, voltage, output power); a dynamic range; signal-
to-noise ratio and maximum ratings of electrical parameters.

The gain Gv (on a current, a voltage or power, depending on purpose of the amplifier) represents the logarithm
of the ratio of signal output from an amplifier to signal input to the amplifier. The gain Gv can be expressed as a direct
ratio (V/mV or V/µV), and in the logarithmic relation (in decibels -dB). The gain depends on value of external compo-
nents, from resistance of loading Rl, input resistance Rin, a supply voltage Vcc, frequency and temperature.

The frequency bandwidth Bw - area of frequencies (a bandwidth from bottom limit frequency FL up to top
frequency FH) within the gain changes no more than on ±3 dB, concerning gain measured on frequency 1 KHz. In the
certain cases when the manufacturer wants to emphasize the expanded range of working frequencies of the amplifier
at the improved non-uniformity frequency characteristics, the size of non-uniformity (1 dB, 0,5 dB etc.) is indicated
also.

Instead of a frequency bandwidtH, sometimes defined a frequency bandwidth at gain equal to unit or a power
frequency bandwidth. The frequency bandwidth at gain equal to unit is an interval of frequencies on which borders the
gain values equal to unit. The power frequency bandwidth is an interval of frequencies within the limits of which at the
certain factor of distortions k, output power changes no more, than on ±3 dB in relation to output power on frequency
in 1 KHz.

The dynamic range determines a ratio between maximum output and input tension of the amplifier. The ratio
usually expresses in decibels and represents (in a theoretical case) a linear function.

The frequency characteristics determine relation of a gain of amplifier to frequency; phase characteristics -
the phase shift of an output signal on relation to input signal (in frequency function of an input signal).

The frequency - phase characteristic summarizes frequency and phase characteristics of the amplifier in the
field of a range of reproduced frequencies.

All amplifiers alter input signals, generally in two ways: they make them stronger (amplify) them, and they add
characteristics which did not exist in the original signal. These undesirable characteristics are lumped together and
called distortion. Noise can be considered a type of distortion.

One common type of distortion is harmonic distortion. Harmonics of a signal are signals which are related to
the original (or fundamental) by an integer (non decimal) number. A pure tone (sine wave) signal has no harmonics; it
consists of only one single frequency. If pure tone signal was applied to the input of an amplifier, we would (upon
measurement with special test equipment) find that the output signal of the amplifier was no longer pure. Careful
measurements would likely show that several “new” frequencies have appeared. These new frequencies are almost
certainly to be integer multiples of the original tone; they are the harmonics of the original signal. In a good amplifier,
the harmonics will be much weaker than the original tone. By much weaker, we mean on the order of a thousand times
for decent amplifiers.

Intermodulation distortion is the second “major” type of distortion that is often specified for amplifiers.
Intermodulation distortion is much more objectionable to the human ear, because it generates non-harmonically
related “extra” signals which were not present in the original. Basically, two pure tones are simultaneously applied to
the input of the amplifier. If the amplifier were perfect, the two tones (and only the two tones) would be present at the
amplifier output. In the real world, the amplifier would have some harmonic distortion (as described above), but careful
observation of the output signal (using laboratory equipment) would reveal that there are a number of new tones
present which cannot be accounted for as a result of harmonic distortion. These “new” tones are called “beat prod-
ucts” or “sum and difference” frequencies, and are a result of the interaction of the two pure tones within the amplifier.
No amplifier is perfect, all have some non linear characteristics. Whenever two signals are applied to a nonlinear
system, new signals (in addition to the original two) are generated. For a good amplifier, the new signals are very small
in relation to the two original tones.

All amplifiers are generally rated for Total Harmonic Distortion (or THD), usually at full power output over a
given frequency band with a particular load. Good values are anything less than 0.5 %THD. When an amplifier is
measured for THD, a pure tone is applied to the input and the output is measured with special test equipment. The
energy of the pure tone is measured, and the energy of the harmonics is measured. Those two values are compared,
and a THD rating is calculated. A THD rating of 1% means that the total energy of all the harmonics combined is one
one-hundredth of the energy in the fundamental. Harmonic distortion (although certainly undesirable) is one of the
more tolerable types of distortion as long as it is kept reasonably low. Distortion levels of 10% may be very tolerable.
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At increase of input signal Uin the output voltage, a current and power are increased, but also the factor of
nonlinear distortions simultaneously grows. Therefore, for reduction of nonlinear distortions target capacity of the
amplifier are artificial limit in comparison with the greatest possible output power.

As sensitivity of the amplifier understand value of the sine wave input voltage, necessary for obtain of the
maximal output power. Frequently, some manufacturers indicate value of a nominal input voltage. A nominal input
voltage is a sine wave voltage applied to an input of the amplifier for obtain of nominal output power. It is meant, that
the volume regulator of the amplifier should be exposed on the maximal value.

Besides linear and nonlinear distortions, any real amplifier generates the additional signals. Because of it, on an
output of the amplifier there is a signal distinct from zero, even in absence of an entrance signal. This signal called as
output noise and can be considered as the sum of infinite number of sine wave voltage (not only harmonious) includ-
ing in a sound range of frequencies. Sources of internal noise of the amplifier are thermal noise of resistors, and also
shot, flickering and thermal noise of active components (transistors and diodes). Quantitatively a value of noise on an
output describe through effective value of noise Uno. As the voltage of noise grows simultaneously with a range of
reproduced frequencies, it is necessary to specify frequencies within the limits of which measurements of noise on an
output of the amplifier were made. If the range of frequencies is not underlined, own noise are measured within the
limits of a working range of frequencies of the amplifier.

The range of change of an output voltage is determined by a difference between the maximal and minimal instant
value of a voltage on an output of the amplifier. This parameter called sometimes a peak output voltage and desig-
nates Up-p (peak-to-peak).

There are many terms used to describe the amplifier power ratings- the maximal sinusoidal power, maximal
continuous power, RMS power, music power (IHFM), peak power, instantaneous power. Depending on indicated term
for output power, the same amplifier can have value which one differ in some times. Not resorting to the theories we
shall mark that:

Maximal sinusoidal power- is the power delivered on optimal load (for the given amplifier), at a sine-wave input
signal, when THD of the output signal reaches value of 10%.

Maximal continuous power- this same as maximal sinusoidal power and occurs under such name in the
datasheets of USA and Japan manufacturers.

RMS power- (Root Mean Square power). In the simplified form is described as the power, giving on optimal load
(for the given amplifier), at a sine-wave input signal, when output signal completely limits by an output stage of the
amplifier and gains the square shape.

Musical power- IHFM (Institute of High Fidelity Manufactures) is the power delivered on optimal load (for the
given amplifier), at a complex (musical) input signal, when THD of the output signal reaches value of 10%.

The peak power and instantaneous power describe extreme (critical) operation conditions of the amplifier and
are specified basically in the advertising purposes.

The impedance of load RL has optimal value for each amplifier and determines an maximum output current
(power) giving by the amplifier. If the impedance of load is less than a optimal value, an output current (accordingly
output power) of the amplifier can exceed maximum rating and he can be shattered. If the impedance of load is more
than optimal value, the output current (accordingly output power) of the amplifier will be less (under identical condi-
tions of operation) than is specified for the given amplifier.

On a connection type of load it is possible to distinguish single ended (SE) and Bridged-Tied Loads (BTL)
amplifiers. On a single ended amplifiers the load are connected between an amplifier output and ground (GND).
Bridged amplifiers work basically as follows: a single input signal is applied to the amplifier. Internal to the amp, the
input signal is split into two signals. One is identical to the original, and the second is inverted (sometimes called
phase-flipped). The original signal is sent to one channel of the amp, and the inverted signal is applied to the second
channel. Amplification of these two signals occurs just like for any other signal. The output results in two channels
which are identical except one channel is the inverse of the other. The load is connected between the two amplifier
output terminals. In words, one channel “pulls” one way while the second channel “pulls” in the opposite direction. This
allows to deliver (at same load and at same power supply) in 3 times lot of power than at single ended amplifiers.

Due to improvements in the speed and efficiency of modern semiconductor devices, the class-D amplifiers
recently have received broad applying. Class-D amplifiers use a technique called pulse width modulation (sometimes
combined with pulse frequency modulation). The input signal is converted to a sequence of pulses whose width at any
time is proportional to the amplitude of the signal at that time. The frequency of the pulses is typically thirty or more
times the highest frequency of interest in the input signal. The main advantages of class-D amplifiers are efficiency
and simplicity. Efficiencies are in the 80% to 90% range. Because the output pulses have fixed amplitude, the switch-
ing elements (usually MOSFETs) are switched either on or off, rather than operated in linear mode. This means that
very little power is dissipated by the transistors except during the very short interval between the on and off states. The
wasted power is low because the instantaneous power dissipated in the transistor is the product of voltage and
current, and one or the other is almost always close to zero.

2016 edition databook proposes the short but full presentation of the 7100 integrated circuits - power audio amplifiers
that exist on the market; presentation consisting with schematic diagrams (schematic of connections and (or) internal
structure), short specification and basically electrical characteristics.

The schematic diagrams of pin-to-pin compatible integrated circuits are arranged in the same place. They are not

specifically equivalent (replacements) with each other (can have different electrical characteristics and (or) type of case);

for detection of equivalent it is necessary to consult an electrical characteristics.

Full technical aspect about power audio ampifiers- integrated circuits presented in the book is incomplete, therefore

for in-depth familiarity with the characteristics of integrated circuits you can download datasheets of ICs from:

http:///wwww.turuta.md
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Application: TV, audio equipments,
personal computers, active speakers
Features:
• Pin-to-pin and case compatible types with variable electrical characteristics
• Built-in stand-by function (stand-by: LOW) and DC volume control circuit (UVol = 0...1.25V)
• Built-in thermal shutdown circuit (operates at about Tj=150OC). Reset automatically if the temperature drops.
Fig.1 shows a typical application

Type Case Vccmn Vccmx Icc0 Poutmx RL Bw Rin THD Gvo Mnf
1233-F12 SIP7-12 3.5V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Utc
AN7522 SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Pan

AN7522N SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Pan
AN17820A SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Pan
AN17820B SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Pan

AN17821A SIP7-12 3.5V 13.5V 50mA 2x5W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Pan
AN17822A SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Pan
CD17821CS SIP7-12 3.5V 13.5V 50mA 2x5W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Hje

CD7522CS SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Hje
CD17821CS SIP7-12 3.5V 13.5V 50mA 2x5W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Hje
NTE7221 SIP7-12 3V 13.5V 45mA 2x5W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Nte

PA7522-H12 SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Utc

PA7522L-H12 SIP7-12 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Utc

Application: TV, audio equipments,
personal computers, active speakers
Features:
•  Pin-to-pin, case and electrical characteristics compatible types
• Built-in stand-by function (stand-by: LOW) and DC volume control circuit (UVol = 0...1.25V)
• Built-in thermal shutdown circuit (operates at about Tj=150OC). Reset automatically if the temperature drops.
Fig.2 shows a typical application.

  Type Case Vccmn Vccmx Icc0 Poutmax RL Bw Rin THD Gvo Mnf
1233-H14-B SIP2B-14 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Utc
PA7522-H14B SIP2B-14 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Utc

PA7522L-H14B SIP2B-14 3V 13.5V 45mA 2x3W 8Ω 15Hz-30kHz 30kΩ 0.1% 33dB Utc

Application: HiFi home audio systems
Features:
• Pin-to-pin and case compatible types with variable electrical characteristics

1233-F12
AN7522
AN7522N
AN17820A
AN17820B
AN17821A

Dual BTL power audio amplifier with DC volume control and stand-by

1233-H14-B
PA7522-H14-B
PA7522L-H14-B

Dual BTL power audio amplifier with DC volume control and stand-by

SIP2B-14

Power operational/audio amplifier

Fig.3

1468
3571
3572
3573
8510
8515
8520
8530
OPA502BM
OPA502SM
OPA511AM
OPA512BM

OPA512SM
PA01
PA10
PA10A
PA12
PA12A
PA12H
PA12M
PA73
PA73M
TPA12
TPA12A

Fig.1

Fig.2

SIP7-12

AN17822A
CD7522CS
CD17821CS
NTE7221
PA7522-H12
PA7522L-H12

TO3-8
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Application: Hi-Fi component systems

Features:

• Class AB power audio amplifier

• Dual (bipolar, symmetrical) power supply

• Stand-by function (Ust <0.6V: stand-by; Ust> 0.6V: operates)

• Designed to support 6Ω loads

• Typ. 0.03% THD

Fig.1611 shows a typical application.

    Type Case Uccmin Uccmax Icc0 Poutmax Rlnom Bw Rin THD Gv Mnf

STK403-070 H7-14 ±30V ±50V 40mA 2x40W 6Ω 20Hz-50kHz 55kΩ 0.03% 30dB San

Application: home theater multispeaker audio systems, Hi-Fi component systems

Features:

• Pin-to-pin and case compatible types with variable electrical characteristics

• Class AB power audio amplifier

• Dual (bipolar, symmetrical) power supply

• Stand-by function (Ust <0.6V: stand-by; Ust> 0.6V: operates)

• Designed to support 6Ω loads

Fig.1612 shows a typical application.

    Type Case Uccmn Uccmx Icc0 Poutmx Rlnom Bw Rin THD Gv Mnf

STK403-240A H7-15 ±18V ±38V 45mA 3x40W 6Ω 20Hz-50kHz 55kΩ 0.02% 30dB San
STK403-250A H7-15 ±20V ±46V 45mA 3x50W 6Ω 20Hz-50kHz 55kΩ 0.02% 30dB San

H7-14

Fig.1611

STK403-070

Dual power audio amplifier with stand-by

H7-15

3-channel power audio amplifier with stand-by

STK403-240A
STK403-250A

Fig.1612
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• Output mute function (MUTE, active LOW)

• Built-in sleep function (SLEEP, active LOW)

• Protection (PROT pin) warning signal output terminal for overcurrent, overtemperature, output DC voltage, low Vcc

voltage and clock detection. PROT terminal outputs “LOW” level when either of those detection circuitries detects an

abnormality state
Fig.21124 shows a typical application

Type Case Vccmn Vccmx Icc0 Poutmx RL Bw Rin THD Gvc Mnf
YDA175-QZ QFN-32 5.0V 18.0V 31mA 2x15W 4Ω 20Hz-20kHz 3.3MΩ 0.05% 0dB..6dB Ymh

Application: TV sets and portable radio
Features:
 • Shutdown (ENABLE pin) built-in (active: LOW)
Fig.2125 shows a typical application

Type Case Vccmn Vccmx Icc0 Ioutmx Poutmx RL Bw Rin THD Gvc Mnf
ZA2030EWR SOP-20 2.4V 22V 10mA 4A 30W 8Ω 20Hz-20kHz 30kΩ 0.1% 32dB Vim

Application: home theater HiFi systems
Fig.2126 shows a typical application

Type Case Vccmn Vccmx Icc0 Poutmx RL Bw Rin THD Gvc Mnf
ZXCD1000 eQSOP-16 12V 18V 10mA 100W* 8Ω 20Hz-20kHz 1.8kΩ 0.05% 10dB Zx

ZA2030EWR

SOP-20

BTL class-D power audio amplifier with shutdown

Fig.2125

ZXCD1000

eQSOP-16

BTL class-D power audio amplifier with shutdown

Fig.2126
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Case drawings
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Manufacturers logos and URL
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A1s- A1semi Electronics Ltd.

http://www.a1semi.com/

Ad- Analog Devices

http://www.analog.com

Ads- ADSemi Semiconductor Inc.

http://www.adsemi.net/

Agm- Agamem Microelectronic Inc.

http://www.agamem.com.tw/eng/

Ait- AiT Semiconductor Inc.

http://www.analog.com.tw

All- Allegro MicroSystems Inc.

http://www.allegromicro.com

Amc-  AMIC Technology, Inc.

www.amictechnology.com

Amz- Amazing Microelectronic

http://www.amazingIC.com

Ana- Anachip Corp.

www.anachip.com.tw

Ang- Angstrem

http://www.angstrem.ru

Anp- Anpec Electronics Corp.

www.anpec.com.tw

Ant-  Advanced Analogic Technologies, Inc.

http://www.analogictech.com

Aot- Irico Aotom (Hong Kong) Holdings Co., Ltd.

http://www.aotom.com

Apg- Apogee Technology, Inc.

http://www.apogeemems.com

Apo- Apexone Microelectronics (Shanghai) Inc.

http://www.apexonemicro.com/index.asp

Apx- Apex Microtechnology Corp. (acquired by Cirrus Logic)

http://www.apexmicrotech.com

Asi- ASIC Microelectronics

http://www.asic.com.cn/

Ask- Asahi Kasei Microdevices Corp.

http://www.akm.com/akm/en/

Asm- Austria Microsystems AG

http://www.austriamicrosystems.com

Atm- Atmel Corporation

http://www2.atmel.com/

Avi- Avic Electronics Corp.

http://www.avictek.com
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SMD-codes

 SMD
 code Type                        Poutmax                 RL      Case         Pg.

+AAAA MAX9718AEUB+ 1.4W 4Ω SOP-10 108

+AAAB MAX9718BEUB+ 1.4W 4Ω SOP-10 109

+AAAC MAX9718CEUB+ 1.4W 4Ω SOP-10 109

+AAAD MAX9718DEUB+ 1.4W 4Ω SOP-10 109

+AAAJ MAX9718EEUB+ 1.4W 4Ω SOP-10 109

+AAAK MAX9718FEUB+ 1.4W 4Ω SOP-10 109

+AAAL MAX9718GEUB+ 1.4W 4Ω SOP-10 109

+AAAM MAX9718HEUB+ 1.4W 4Ω SOP-10 109

+AAT MAX9724AETC+ 2x60mW 32Ω QFN-12 431

+AAU MAX9724BETC+ 2x60mW 32Ω QFN-12 432

+AAW MAX9718BETB+T 1.4W 4Ω DFN-10 109

+AAX MAX9718CETB+T 1.4W 4Ω DFN-10 109

+AAY MAX9718DETB+T 1.4W 4Ω DFN-10 109

+ABJ MAX9724CETC+ 2x60mW 32Ω QFN-12 431

+ABK MAX9724DETC+ 2x60mW 32Ω QFN-12 432

+ACB MAX98308EWC+ 3.3W 4Ω BGA-12 462

+ADB MAX98300ETA+ 2.6W 4Ω DFN-8 460

+ADH MAX9724AEBC+T 2x60mW 32Ω BGA-12 431

+ADI MAX9724BEBC+T 2x60mW 32Ω BGA-12 431

+ADX MAX9718BEBL+TG45 1.4W 4Ω BGA-9 368

+ADZ MAX9718CEBL+TG45 1.4W 4Ω BGA-9 368

+AEA MAX9718DEBL+TG45 1.4W 4Ω BGA-9 368

+AEH MAX9724DEBC+T 2x60mW 32Ω BGA-12 431

+AEV MAX98306ETD+ 2x3.7W 4Ω DFN-14 461

+AFB MAX9718EEBL+TG45 1.4W 4Ω BGA-9 368

+AFC MAX9718FEBL+TG45 1.4W 4Ω BGA-9 368

+AFD MAX9718GEBL+TG45 1.4W 4Ω BGA-9 368

+AFE MAX9718HEBL+TG45 1.4W 4Ω BGA-9 368

+AGE MAX9724CEBC+T 2x60mW 32Ω BGA-12 431

+AIH MAX98300EWL+ 2.6W 4Ω BGA-9 460

+AIN MAX98307ETE+ 3.3W 4Ω QFN-16 462

+AIY MAX98309EWL+ 1.4W 4Ω BGA-9 462

+AIZ MAX98310EWL+ 1.4W 4Ω BGA-9 462

+AJV MAX97220EETE+ 2x125mW 16Ω QFN-16 458

+ASY MAX9718EETB+T 1.4W 4Ω DFN-10 109

+ASZ MAX9718FETB+T 1.4W 4Ω DFN-10 109

+ATA MAX9718GETB+T 1.4W 4Ω DFN-10 109

+ATB MAX9718HETB+T 1.4W 4Ω DFN-10 109

005 FAN7005MU 2x300mW 8Ω MSOP-8 254

01 TS4601EIJT 2x75mW 16Ω BGA-16 827

024 FAN7024MPX 675mW 8Ω DFN-10 243

024 FAN7024MU 675mW 8Ω MSOP-8 17

0410 Si2704-A10-GM 2x5W 8Ω QFN-24 580

0510 Si2705-A10-GM 2x5W 8Ω QFN-24 580

0610 Si2706-A10-GM 2x5W 8Ω QFN-24 580

0710 Si2707-A10-GM 2x5W 8Ω QFN-24 580

1166 LT1166CN8 60W* 4Ω DIP-8 397

1166 LT1166CS8 60W* 4Ω SOP-8 397

1442 G1442RD1D 2.6W 3Ω DFN-8 188

1442 G1442RD1U 2.6W 3Ω DFN-8 188

1445 G1445B31U 2.6W 3Ω BGA-8 258

1445 G1445RD1D 2.6W 3Ω DFN-8 188

1453 G1453R41U 2x2.6W 3Ω TQFN-16 258

1453L G1453LR41U 2x2.6W 3Ω TQFN-16 258

1454 G1454R41U 2x2.1W 3Ω TQFN-16 258

1454L G1454LR41U 2x2.1W 3Ω TQFN-16 258

1720K MP1720DH-3 2.7W 4Ω MSOP-10EP 418

1720L MP1720DH-6 2.7W 4Ω MSOP-10EP 418

1720M MP1720DH-9 2.7W 4Ω MSOP-10EP 418

1720N MP1720DH-12 2.7W 4Ω MSOP-10EP 418

1720P MP1720DH-216 2.7W 4Ω MSOP-10EP 418

2000D1 TPA2000D1GQC 2W 4Ω BGA-48 808

2000D1 TPA2000D1PW 2W 4Ω HSOP-16 808

2000D2 TPA2000D2PWP 2x2W 3Ω SSOP-24 96

2001D1 TPA2001D1GQC 1W 8Ω BGA-48 808

2001D1 TPA2001D1PW 1W 8Ω HSOP-16 808

2004 PT2004 2x2.2W 4Ω BGA-16 117

2004 PT2004L 2x2.2W 4Ω BGA-16 117

2005A EUA2005J 1.5W 8Ω DFN-8 12

2010 AZAU2010 2.9W 4Ω BGA-9 13

2010A EUA2010J 3W 4Ω DFN-8 247

2010B EUA2010BJ 3W 4Ω DFN-8 12

2011 AZAD2010 2.9W 4Ω BGA-9 13

2011A EUA2011AJ 2.5W 4Ω DFN-8 12

201A ISL99201IIAZ 1.5W 8Ω BGA-9 288

201A ISL99201IRTAZ 1.5W 8Ω TDFN-8 288

201B ISL99201IIBZ 1.5W 8Ω BGA-9 288

201B ISL99201IRTBZ 1.5W 8Ω TDFN-8 288

201C ISL99201IICZ 1.5W 8Ω BGA-9 288

201C ISL99201IRTCZ 1.5W 8Ω TDFN-8 288

201D ISL99201IIDZ 1.5W 8Ω BGA-9 288

201D ISL99201IRTDZ 1.5W 8Ω TDFN-8 288

202A ISL99202IIAZ 2x70mW 16Ω BGA-12 289

202A ISL99202IRTAZ 2x70mW 16Ω TQFN-12 289

202B ISL99202IIBZ 2x70mW 16Ω BGA-12 289

202B ISL99202IRTBZ 2x70mW 16Ω TQFN-12 289

203 ISL99203IIZ 1.5W 4Ω BGA-20 290

21 A22H165 2x100mW 16Ω BGA-16 24

21 A22H165M 2x100mW 16Ω BGA-16 25

21 RT9101CWSC 2.65W 4Ω BGA-9 13

21 TS4621BEIJT 2x56mW 32Ω BGA-16 25

21 TS4621EIJT 2x50mW 32Ω BGA-16 25

21 TS4621MLEIJT 2x56mW 16Ω BGA-16 24

2102 AZAD2102B 3.1W 4Ω BGA-9 120

2131 TA2131FLG 2x8mW 16Ω QFN-24 678

2140 WAA2140FC-9 2.4W 4Ω BGA-9 13

2141 WAA2141FC-9 2W 4Ω BGA-9 13

2145 WAA2145FC-9 2.4W 4Ω BGA-9 25

2201 AZAD2201B 2x3.1W 4Ω BGA-16 117

2333 PT2333 2.5W 4Ω BGA-9 13

2338 KBA2338B-MSOP 3W 4Ω SSOP-8 11

2367 PT2367 1W 8Ω BGA-8 15

2811A BM5446EFV 2x20W 4Ω HTSSOP-54 154

2811A NCP2811ADT 2x64mW 32Ω TSSOP-14 504

2811A NCP2811AFC 2x64mW 32Ω BGA-12 431

2811A NCP2811AMT 2x64mW 32Ω QFN-12 504

2811B NCP2811BDT 2x64mW 32Ω TSSOP-14 504

2811B NCP2811BFC 2x64mW 32Ω BGA-12 431

2811B NCP2811BMT 2x64mW 32Ω QFN-12 504

2990 AUD2990CS09 2W 4Ω BGA-9 111

2993 NCP2993FCT 1.35W 8Ω BGA-9 506

2K MP1720DQ-216 2.7W 4Ω DFN-10 418

301 TPA301D 350mW 8Ω SOP-8 105

311 TPA311D 250mW 8Ω SOP-8 97

34119 SGSC34119 250mW 32Ω SOP-8 144

3541 BH3541F 2x62mW 16Ω SOP-8 6

3544 BH3544F 2x62mW 16Ω SOP-8 6

3547 BH3547F 2x77mW 16Ω SOP-8 6

3548 BH3548F 2x62mW 16Ω SOP-8 6

4011 MD4011 3W 4Ω DFN-8 12

4103 MD4103D 3W 4Ω DFN-8 2x2 119

4103 MD4103P 3W 4Ω SOP-8EP 119

4103 MD4103S 3W 4Ω MSOP-8 119

4105 MD4105D 3.3W 4Ω DFN-8 20

4105P MD4105P 3.3W 4Ω SOP-8 20

4105S MD4105S 3.3W 4Ω MSOP-8 20

4114P MD4114 4W 4Ω SOP-8 11

4115P MD4115 5W 4Ω ESOP-8L 119

4123P MD4123 3W 4Ω SOP-8 11

4132 MD4132 2.3W 8Ω QFN-28 468

4133 MD4133 2.3W 8Ω QFN-20 280

4133B MD4133B 2.3W 8Ω QFN-20L 469

416 TK10416M 280mW 32Ω SOP-8 794

417 TK10417M 200mW 32Ω SOP-8 794

4201 AK4201EU 2x65mW 16Ω DFN-12 54

4201A SN4201M 1.4W 4Ω MSOP-8 20

4213 AK4213EC 1.6W+2x64mW 8(16)Ω BGA-29 54

482I TS482ID 2x100mW 16Ω SOP-8 103

482I TS482IQT 2x100mW 16Ω DFN-8 826

482I TS482IST 2x100mW 16Ω SSOP-8 103

482I TS482IT 2x100mW 16Ω SOP-8 103

48511SQ LM48511SQ 5.4W 4Ω LQFN-24 384

4863 MC4863M 2x2.2W 4Ω TSSOP-20 30

4863 MC4863MP 2x2.2W 4Ω TSSOP-20EP 30

4863 MC4863P 2x2.2W 4Ω TSSOP-16EP 21

4863 MC4863S 2x2.2W 4Ω SOP-16 21

4866TQ SGM4866YTQ16G 2x1.28W 8Ω QFN-16 257

4871 TS4871IQT 1W 8Ω DFN-8 188

4871 TS4871IST 1W 8Ω SSOP-8 105

4871I TS4871IDT 1W 8Ω SOP-8 105

4872 TS4872IJT 1W 8Ω BGA-9 15

4873 MC4873LP 2x2.1W 4Ω TSSOP-28EP 367

4873 MC4873M 2x2.1W 4Ω TSSOP-20 366

4873 MC4873MP 2x2.1W 4Ω TSSOP-20EP 366

4881 MD4881 1W 8Ω TSSOP-8 416

4890 MC4890D 1W 8Ω DFN-8 188

4890 MC4890S 1.1W 8Ω MSOP-8 17

4890 TS4890IDT 1W 8Ω SOP-8 17

4890 TS4890IQT 1W 8Ω DFN-8 188

4890I TS4890IST 1W 8Ω SSOP-8 17

4890M SH4890M 1W 8Ω SOP-8 17

4890YG SGM4890YG 1.1W 8Ω BGA-9 15

4891 SGM4891YDE8G 1.2W 8Ω DFN-8 188

4894 NCP4894MNR2 1.8W 8Ω DFN-10 108

4894 NCP4894MNR2G 1.8W 8Ω DFN-10 108

4894YG SGM4894YDB8 1.1W 8Ω BGA-9 152

4896YG SGM4896YG 1.15W 8Ω BGA-8 152

4910B SN4910M 2x35mW 16Ω MSOP-8 252

SMD-codes

 SMD
 code Type                        Poutmax                 RL      Case         Pg.
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The I2C-bus specification

1 PREFACE

1.1 Version 1.0 - 1992

This version of the 1992 I2C-bus specification includes the 
following modifications: 

• Programming of a slave address by software has been
omitted. The realization of this feature is rather
complicated and has not been used.

• The “low-speed mode” has been omitted. This mode is,
in fact, a subset of the total I2C-bus specification and
need not be specified explicitly.

• The Fast-mode is added. This allows a fourfold increase 
of the bit rate up to 400 kbit/s. Fast-mode devices are
downwards compatible i.e. they can be used in a 0 to
100 kbit/s I2C-bus system.

• 10-bit addressing is added. This allows 1024 additional
slave addresses.

• Slope control and input filtering for Fast-mode devices is 
specified to improve the EMC behaviour.

NOTE: Neither the 100 kbit/s I2C-bus system nor the 
100 kbit/s devices have been changed.

1.2 Version 2.0 - 1998

The I2C-bus has become a de facto world standard that is 
now implemented in over 1000 different ICs and licensed 
to more than 50 companies. Many of today’s applications, 
however, require higher bus speeds and lower supply 

voltages. This updated version of the I2C-bus specification 
meets those requirements and includes the following 
modifications:

• The High-speed mode (Hs-mode) is added. This allows
an increase in the bit rate up to 3.4 Mbit/s. Hs-mode
devices can be mixed with Fast- and Standard-mode
devices on the one I2C-bus system with bit rates from 0
to 3.4 Mbit/s.

• The low output level and hysteresis of devices with a
supply voltage of 2 V and below has been adapted to
meet the required noise margins and to remain
compatible with higher supply voltage devices.

• The 0.6 V at 6 mA requirement for the output stages of
Fast-mode devices has been omitted.

• The fixed input levels for new devices are replaced by
bus voltage-related levels.

• Application information for bi-directional level shifter is
added.

1.3 Version 2.1 - 2000

Version 2.1 of the I2C-bus specification includes the 
following minor modifications: 

• After a repeated START condition in Hs-mode, it is
possible to stretch the clock signal SCLH (see
Section 13.2 and Figs 22, 25 and 32).

• Some timing parameters in Hs-mode have been relaxed
(see Tables 6 and 7).



I
2
S-bus specification



I2S bus specification

1.0 INTRODUCTION
Many digital audio systems are being introduced into the consumer
audio market, including compact disc, digital audio tape, digital
sound processors, and digital TV-sound. The digital audio signals in
these systems are being processed by a number of (V)LSI ICs,
such as:

• A/D and D/A converters;

• digital signal processors;

• error correction for compact disc and digital recording;

• digital filters;

• digital input/output interfaces.

Standardized communication structures are vital for both the
equipment and the IC manufacturer, because they increase system
flexibility. To this end, we have developed the inter-IC sound (I2S)
bus – a serial link especially for digital audio.

2.0 BASIC SERIAL BUS REQUIREMENTS
The bus has only to handle audio data, while the other signals, such
as sub-coding and control, are transferred separately. To minimize
the number of pins required and to keep wiring simple, a 3-line serial
bus is used consisting of a line for two time-multiplexed data
channels, a word select line and a clock line.

Since the transmitter and receiver have the same clock signal for
data transmission, the transmitter as the master, has to generate the
bit clock, word-select signal and data. In complex systems however,
there may be several transmitters and receivers, which makes it
difficult to define the master. In such systems, there is usually a
system master controlling digital audio data-flow between the
various ICs. Transmitters then, have to generate data under the
control of an external clock, and so act as a slave. Figure 1
illustrates some simple system configurations and the basic
interface timing. Note that the system master can be combined with
a transmitter or receiver, and it may be enabled or disabled under
software control or by pin programming.

TRANSMITTER

clock SCK

word select WS

data SD
RECEIVER

TRANSMITTER = MASTER

TRANSMITTER

SCK

WS

SD
RECEIVER

RECEIVER = MASTER

TRANSMITTER

SCK

WS

SD
RECEIVER

CONTROLLER = MASTER

CONTROLLER

SCK

WS

SD

WORD n–1
RIGHT CHANNEL

WORD n+1
RIGHT CHANNEL

WORD n
LEFT CHANNEL

LSB MSBMSB

Figure 1.  Simple System Configurations and Basic Interface Timing
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OBJECTIVE

This document specifies the Serial Peripheral Interface (SPI) that is used in the 1-axis SCA61T and the 2-axis
SCA100T inclinometers.

THE SPI INTERFACE

A Serial Peripheral Interface (SPI) system consists of one master device and one or more slave devices. The
master is defined as a microcomputer providing the SPI clock, and the slave as any integrated circuit receiving
the SPI clock from the master. The ASIC in VTI Technologies’ products always operates as a slave device in
master-slave operation mode.

The SPI has a 4-wire synchronous serial interface. Data communication is enabled with a low active Slave
Select or Chip Select wire (CSB). Data is transmitted with a 3-wire interface consisting of wires for serial data
input (MOSI), serial data output (MISO) and serial clock (SCK)..

DATA OUT (MOSI)
DATA IN (MISO)

SERIAL CLOCK (SCK)

SS0

SS1

SS2

SS3

MASTER
MICROCONTROLLER

SI
SO

SCK

CS

SLAVE

SI
SO

SCK

CS

SI
SO

SCK

CS

SI
SO

SCK

CS

Figure 1. Typical SPI connection

The SPI interface in VTI products is designed to support almost any micro controller that uses software
implemented SPI. However it is not designed to support any particular hardware implemented SPI found in
many commercial micro controllers. The SPI interface is used for testing and calibration purposes, and it can
also be used in the final application. Some of the test and calibration commands are disabled in normal use,
and are not documented here. The data transfer uses the following 4-wire interface:

MOSI master out slave in µP → ASIC
MISO master in slave out ASIC → µP
SCK serial clock µP → ASIC
CSB chip select (low active) µP → ASIC

SPI Interface Specification
SPI interface specification
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