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Abstract. Consumer audio amplifiers are intended to op-
erate with various loudspeaker loads, i.e. the load imped-
ance profile of the audio amplifier is a priori unknown. We
propose the power parameters analysis of the class B
audio amplifiers to be carried out in the realistic worst-
case (RWC) scenario of operation with the minimal value
of the impedance and a RWC type of signal, instead of the
nominal impedance of the loudspeaker and a sine-wave
signal. Experimental validation, carried out for different
types of signals and loudspeaker loads, demonstrate the
advantages of the proposed RWC-based power parameters
estimation. Furthermore, we provide a way of assessing
the safe-operating area (SOA) boundaries, based on the
output I-V loci of the amplifier and by means of an equi-
valent load line (ELL).
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1. Introduction

The consumer audio amplifiers are intended to oper-
ate with music and speech signals and various loudspeaker
loads (incl. an individual transducer plus an enclosure),
instead of sine-waves and resistive loads. Therefore, it
makes sense to estimate the amplifier’s parameters in real-
world or close to real-world conditions. Here we focus on
the power parameters estimation of the widely used class B
audio amplifiers as these influence the choice of active
components, heat sinks, and the overall power supply unit
(PSU) design. The critical quantity for the active compo-
nents selection is the instantaneous power dissipation while
for the heat sink design this is the average power dissipa-
tion and for the PSU design — the instantaneous and the
average current through the load [1].

Since both music and speech signals are stochastic
and non-stationary, and the loudspeakers complex imped-
ance is frequency-depended, exact analytical expressions
for the average power parameters are hardly possible.
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In [2] Raab presents expressions for the average
power parameters, using the signal probability density
function, in case of operation with music signals and resis-
tive load. Zee [3] and Self [1] elaborated the idea, but still
assuming that the amplifier load is purely resistive. In [4]
Benjamin presents and discusses experimental results of
operation of a class B amplifier in real-world conditions,
but mathematical apparatus is not derived.

One way to address the above mentioned problem is
by using a mathematical model and further statistical pro-
cessing as shown in a previous related work [5]. A key
condition for successful use of such a model is the availa-
bility of prior knowledge of the amplifier’s load impedance
response Z;(w). For instance, this is the case when the
audio amplifier is being manufactured along with the loud-
speaker(s) (e. g. subwoofer systems, radio receivers, etc.).
However, in the following we consider that the load im-
pedance profile is unknown in advance which is a common
case, so this approach is inconvenient.

Here, we propose a method for analysis of the power
parameters of class B audio amplifier, based on relations
derived in a previous related work [6]. These relations are
used for addressing the case of real-world signals and ini-
tially unknown loudspeaker loads. Since there are virtually
infinity combinations of signals and loads, we suggest
a realistic worst-case (RWC) scenario of amplifier opera-
tion. In addition, we propose a way for charting the safe-
operating area (SOA) boundaries of the active components
in the amplifier’s output stage, which allows an estimation
of the instantaneous power dissipation and the peak col-
lector current to be made, in the light of SOA boundaries.

2. Proposed Method

We propose the power parameters analysis to be car-
ried out for the RWC scenario of operation with the mini-
mal value Z i, = min(Zy ,om) of the loudspeaker impedance,
instead of the nominal impedance Zi,,m, as well as with
RWC type of music signals, instead of sine-wave. Typical
minimal values of the Iloudspeaker impedance are
Zimin € {2.75,5.5} Q for Zpom € {4, 8} Q. Our considera-
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tions are: the operation with sine-wave signals is not repre-
sentative for the amplifier exploitation conditions, and
since the sine-wave parameters are worse (as shown
below) in comparison with these of music signals, the
amplifier power parameters would be overestimated. Fur-
thermore, the loudspeaker impedance modulus in a wide
frequency range is below Zj,.m, so the analysis should
consider the worst case scenario of operation with Z ;.
Then, the average values of the power parameters of a class
B audio amplifier could be calculated as for a sine-wave
operation [7], using two correction coefficients &4 and y
defined in [6]. The equivalent coefficient of the power
supply voltage &, is defined as

CF, out U CF,
ol G )
rand Ucc CF;and

where CF;, and CF,,q are the crest-factors for sine-wave
and random signals , u.,(?) is the amplifier output voltage,
U.. is the power supply voltage, and £ is the coefficient of
the power supply use for sine-wave signals.

The coefficient of average rectified values compliance
y is given as
FF,

— sin 2
= (2)

rand

where FFg, and FF,, are the signal form-factors for sine-
wave signals, and for signals with random distribution,
respectively. The values of CF and y for certain signals of
interest are: (i) CF = 3.01 dB, y = 1 for a sine-wave signal;
(il)) CF=10+20dB, y = 0.5Jr (assuming Gaussian am-
plitude distribution) for music signals [1-3], and (iii)
CF =15+25dB, y=0.25n (assuming Laplace amplitude
distribution) for speech signals [3], [8]. Ultimately we con-
sider music with CF =6 dB as the RWC type of signal,
since there is no evidence smaller CF to be found in
practice.

The definitions for the average power parameters and
efficiency of a class B audio amplifier for resistive loads
and any type of signals [6] are as follows:
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In (3)-(6), Ppc is the power drawn from the PSU, Py is the
power delivered to the load, Pp accounts for the losses in
the amplifier, and 7 is the amplifier efficiency.

In order to assess the maximum value of the instanta-
neous collector current ic(f) and the SOA boundaries we
use assessment based on the output I-V loci of the
amplifier (collector current ic vs. collector-emitter voltage
ucg plots) and an equivalent load line (ELL) [1]. However,
here we consider the RWC-signal and not sine-wave
signals, and Zj i, instead of Z,om. Therefore, we propose
the ELL to be drawn on the amplifier output I-V locus by
defining two points with Cartesian coordinates
A (09 ICmax: Ucc/ ZLmin)» B (UCEmax: 2Ucc» 0)

One should be aware that the RWC output I-V loci
are not below the ELL by default and the ELL could be
exceeded, although this rather rarely happens [1, 4].

3. Analytical, Numerical and Measure-
ment Results

Equations (3)-(6) were evaluated for two representa-
tive cases: (i) the classic design with a sine-wave signal
(RL=Z1uom=8 Q, CF =3.01 dB, y =1) and (ii) the RWC-
based design (R, = Zimn=5.5Q, CF =6dB, y=0.5r).
In both cases U= 12 V and & = 0.85.

We carried out numerical experiments using the
SiPoLo-model [5, 9] (cf. Fig. 1) in order to assess the aver-
age power parameters, the efficiency and the output I-V
locus of a given class B audio amplifier for different types
of signals and loudspeaker loads.

Two test signals are used: (i) a test signal defined by
CEA-426-B (formerly EIA-426-B) standard [10] (which is
considered to be a good approximation of the music signals
[3, 11]) with duration 30 min and CF =6 dB, and (ii) mu-
sic (hours of different genres from commercial CDs). The
amplifier loads were various types of loudspeakers, incl.
subwoofers, mid-ranges and tweeters with impedance re-
sponse modeling as is shown in the Appendix.

The numerical experiments were repeated as real-
word measurements under the same conditions using audio
power amplifier based on IC LM3886 [12] in a follower
configuration. The output voltage and the current through
the load were measured using data acquisition system NI
USB-6211 and the amplifier parameters of interest were
evaluated.

Some of the results of the analytical, numerical and
real-world estimation procedures are shown in Tab. 1,
Fig. 1 and Fig. 2. We present the results and the output -V
loci for the CEA-426-B test signal and for 90 min music
signal from the DVD “Stars of the 90's Volume 017 (DVD

SiPoLo Model
P 1
| Power I
| | CEA-426-B . o .| Loudspeaker
| |signal or music > Amplifier | System Model !
| Model |

Fig. 1. Block diagram of the SiPoLo-model used for numeri-
cal estimation of the amplifier power parameters for

different types of signals and loads.



260 H. ZHIVOMIROV, N. KOSTOV, POWER PARAMETERS AND EFFICIENCY OF CLASS B AUDIO AMPLIFIERS ...

Test conditions (TC) Pyc Py Py n
W] | W] | W] | [%]
1. Classic estimation 9.74 3.24 6.50 66.8
2. RWC-based estimation 8.90 | 4.15 4.75 53.4

18W/8424G00 in 4th order
3. | bandpass double chamber box, 5.98 3.72 2.26 37.7
CEA-426-B signal (simulation)
18W/8424G00 in 4th order
4. | bandpass double chamber box, 222 1.83 0.38 17.3
music (simulation)
Unknown single loudspeaker
5. system, CEA-426-B signal 5.73 336 | 237 | 413
(measurement)

Unknown single loudspeaker

. 313 | 234 ] 079 | 252
system, music (measurement)

Tab. 1. Results from analytical, numerical and real-world
estimations of power parameters of a class B audio
amplifier.

10501200501) played on loudspeaker 18W/8424G00 [13]
mounted in 4th order bandpass double chamber box and
a single loudspeaker system with unknown loudspeaker
and enclosure parameters.

4. Discussion

The analytical study and the experimental results led
us to the following:

1. The power parameters values of the amplifier
operating with CEA-426-B test signal are always greater
than these of music signals (cf. Tab. 1 TC 3-4 and TC 5-6).
This holds true for subwoofers, mid-ranges and tweeters,
regardless of the different mechanical resonant frequencies.
Hence, the CEA-426-B test signal could be successfully
used as a RWC-signal.

2. The power parameters in all tests are well below
the values calculated via RWC-based estimation, especially
for music signals (cf. Tab. 1 TC 2-4 and TC 2-6). There-
fore, for the class B audio amplifiers the RWC-approach
could be considered as a good estimator of the power pa-
rameters in a real-world scenario.

3. The values of Ppc and Py obtained via RWC-based
estimation are always lower than these obtained by the
classic approach (cf. Tab. 1 TC 1-2). This allows lowering
the design requirements for both the amplifier PSU and the
loudspeaker.

4. The actual value of Pp could be greater than the
one obtained through the classic estimation, which has to
be taken into account in the design of the amplifier’s heat
sink(s) (cf. Tab. 1 TC 1-3 and TC 1-5).

Consequently, the presented RWC-based estimation
of the power parameters and efficiency of the class B audio
amplifiers is more relevant than the classic approach,
because it approximates more accurately the real-world
parameters of interest.

Furthermore, we can make the following conclusions
based on observations of the amplifier loci:

1. There is no evidence that the maximum value of
the instantaneous collector current ic(f) would exceed the
value Icpax calculated by (7) (cf. Fig. 1 and Fig. 2), which
facilitates the active components selection and the PSU
design.

2. Virtually all the I-V loci of the amplifier are below
the ELL (cf Fig.1 and Fig.2) with minor exceptions,
generally when operating with the CEA-426-B signal.

Hence, the ELL could be considered as a good esti-
mator for SOA limitations of the amplifier in real-world
conditions. Our conclusions are in good agreement with the
empirical results shown in [4], performed with numerous
loudspeakers and hundred hours of music.

There is possibility to decrease the dissipated power
Pp and to increase the efficiency 7 of the class B power
amplifiers via loudspeaker system’s impedance compensa-
tion using an appropriate Zobel network [14, 15]. Thus the
impedance profile of the amplifier’s load will have a (close
to) resistive nature (in the frequency band of operation)
and this is proved to be the optimum case of operation in
the light of amplifier efficiency [16]. Also, this approach is

2.5
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Fig.2. Output I-V locus of the analyzed amplifier playing
CEA-426-B test signal on 18W/8424G00 mounted in
4th order bandpass double chamber box.
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Fig. 3. Output I-V locus of the analyzed amplifier playing mu-
sic on 18W/8424G00 mounted in 4th order bandpass
double chamber box.
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extremely effective in reducing of the peak instantaneous
power dissipation of the amplifier [4]. One must be aware
that this is possible only if there is a prior knowledge of
the amplifier’s load impedance response Z (o).

5. Conclusion

A new approach for estimation of the power parame-
ters of the class B amplifiers is proposed, based on RWC
scenario of operation with the minimal value of the loud-
speaker impedance and a RWC type of signal, instead of
the nominal impedance of the loudspeaker and a sine-wave
signal, respectively. It is shown that the considered RWC-
estimation approximates more accurately the real-world
power parameters of the audio amplifier. This is of partic-
ular importance when the load impedance profile of the
audio amplifier is a priori unknown, which is the common
case in the practice. Also, assessing of the SOA boundaries
based on the output I-V loci of the amplifier and by means
of ELL is presented.

The analytical study and the experimental results
show that the values of Ppc and P; obtained via the RWC-
estimation are always lower than these obtained via the
classic approach, but Pp could be greater. Lowering the
design requirements to the PSU of the amplifier and the
loudspeaker allows cheaper electronic components, heat
sinks, and loudspeakers to be used. This offers opportuni-
ties for reducing the prime cost of the product. The aware-
ness about the higher value of Pp in real-world conditions
allows an appropriate choice of the active components and
heat sink(s) to be made and hence improves the amplifier
robustness.

Further study should be carried to derive practical de-
sign of class B amplifiers, based on the RWC-estimation of
the power parameters presented here, including loud-
speaker system’s impedance compensation.

Appendix

In this Appendix, we briefly illustrate the loudspeaker
system impedance response modeling technique used in the
SiPoLo-model.

The simplified electrical equivalent circuit of a 4th
order bandpass double chamber loudspeaker system is
shown in Fig. A1 [17].

The electrical impedance of the system includes the
sum of the voice coil electrical impedance, the impedance
introduced by the mechanical system and one by the
acoustic volume [17]
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Fig. Al. Simplified electrical equivalent circuit of the 4th order
bandpass double chamber loudspeaker system.
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Fig. A2. Impedance response (magnitude and phase) of the
18W/8424G00 loudspeaker mounted in 4th order
bandpass double chamber box.

The amplitude and phase of the impedance response
of the 18W/8424G00 loudspeaker mounted in 4th order
bandpass double chamber box used in the experiments, is
shown in Fig. A2. Additional information on loudspeaker
system impedance modeling could be found in [18-21].
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