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(57) Abstract: An integrated circuit (112) for processing audio and voice signals in atelephone isdisclosed. The integrated circuit
comprises an audio output port having afirst and a second output terminal (16a, 16b) for connection to afirst and a second input
terminal, respectively, of a speaker (5). The integrated circuit (112) further comprises an audio input port having afirst and a sec-
ond input terminal (18a, 18b) for connection to a first and a second output terminal of an audio input source. The integrated cir-
cuit (112) also comprises at least one audio output path (22,40) having adigital input port and an analog output port with at least
one analog output terminal (24,42a). Furthermore, the integrated circuit comprises an audio input path (60) having an analog input
port, comprising a first and a second input terminal (62a,62b), and a digital output port. Moreover, the integrated circuit (112)
comprises atest impedance, such as aresistor, (RT). In ameasurement mode of the integrated circuit (112), one of the audio out-
put paths isused, together with the audio input path (60) and the test impedance (R;), for measuring an electrical impedance of the
speaker (5). A related method of measuring said electrical impedance of the speaker (5) isalso disclosed.
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SPEAKER IMPEDANCE MEASUREMENT
Technical Field
The present invention relates to measurement of an impedance of a speaker,

such as aloud speaker or ear speaker.

Background

Manufacturers of cellular telephones need to evaluate the quality of the
loudspeaker and/or the ear speaker assembled inside atelephone. One way totest if the
speaker isgood isto carry out an evaluation of its acoustic response or the equivaent
electrical impedance curve.

An example quality analysistest consists of looking a the amplitude variation
of the resonance peaks. In fact, the frequency and amplitude of resonance peaks depend
on the quality of speaker and are not disturbed by variations in speaker components. For
calculation practical reasons, amethod of looking at anti -resonance values may be used
instead.

A circuit used to measure the impedance curveisillustrated in Fig 1.

A resistor R; isconnected in seriesto the measured speaker 5 and an external
voltage generator 10 supplies, or forces, avoltage V,, . The resistance of R; may e.g. be
selected astwice the DC resistance of the speaker.

Using afrequency sweep and measuring the voltage drop V, across the resistor
R!, it ispossible to calculate the impedance Z g,  Versus frequency / using the

following formula:

Zapeaker (1) = R (725-1)
(Eg. 1)
Summary
An object of the present invention isto facilitate the evaluation of a speaker of
an electronic device such as atelephone.
According to afirst aspect, there isprovided an integrated circuit for

processing audio and voice signas in atelephone. The integrated circuit comprises an



10

15

20

25

30

WO 2012/004348 PCT/EP2011/061519

audio output port having afirst and a second output terminal for connection to afirst
and a second input terminal, respectively, of a speaker. Furthermore, the integrated
circuit comprises an audio input port having afirst and a second input terminal for
connection to afirst and a second output terminal of an audio input source. Moreover,
the integrated circuit comprises at least one audio output path having a digital input port
and an analog output port with at least one analog output terminal. The integrated circuit
also comprises an audio input path having an analog input port, comprising afirst and a
second input terminal, and a digital output port. In addition, the integrated circuit
comprises atest impedance, such as aresistor, having afirst and a second terminal. The
first terminal of the test impedance is connected to areference-voltage node of the
integrated circuit.

The integrated circuit is configured such that, in awork mode of the integrated
circuit, one of the at least one audio output paths is arranged to supply an audio output
signal to the audio output port via the analog output port of that one of the at least one
audio output path. Furthermore, the integrated circuit is configured such that, in the
work mode of the integrated circuit, the audio input path is arranged to receive an audio
input signal from the audio input port via the analog input port of the audio input path.

Moreover, the integrated circuit is configured such that, in a measurement
mode of the integrated circuit, the at least one analog output termina of the analog
output port of one of the at least one audio output path is operatively connected to the
first output terminal of the audio output port for supplying atest signal to the speaker. In
addition, the integrated circuit is configured such that, in the measurement mode of the
integrated circuit, the second terminal of the test impedance is operatively connected to
the second output terminal of the audio output port. The integrated circuit is further
configured such that, in the measurement mode of the integrated circuit, the first and
second input terminal of the analog input port of the audio input path are operatively
connected to the first and the second output terminal, respectively, of the audio output
port for measuring an electrical impedance of the speaker.

Asisfurther elaborated below, it should be noted that, in some embodiments,
the one of the at least one audio output path, the a least one analog output terminal of

the analog output port of which is operatively connected, in the measurement mode, to
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the first output terminal of the audio output port for supplying atest signal to the
speaker may be the same audio output path that is arranged to supply an audio output
signal to the audio output port in the work mode. In other embodiments, these audio
output paths may be two different audio output paths.

The at least one audio output path may include afirst audio output path having
adigital input port and an analog output terminal and a second audio output path having
adigital input port and an analog output port comprising afirst and a second output
terminal. The second audio output path may be said one of the a least one audio output
path that is arranged, in the work mode, to supply said audio output signal to the audio
output port viathe analog output port of that one of the at least one audio output path.
Furthermore, the first audio output path may be said one of the &t least one audio output
path, the at least one analog output terminal of the analog output port of which is
operatively connected, in the measurement mode, to the first output terminal of the
audio output port for supplying said test signal to the speaker.

Theintegrated circuit may comprise afirst switch operatively connected
between the second terminal of the test impedance and the second output termina of the
audio output port. The first switch may be arranged to be closed in the measurement
mode and open in the work mode.

The integrated circuit may comprise a second switch operatively connected
between the analog output terminal of the first audio output path and the first output
terminal of the audio output port. The second switch may be arranged to be closed in the
measurement mode and open in the work mode.

The integrated circuit may comprise athird switch operatively connected
between the first input terminal of the analog input port of the audio input path and the
first output terminal of the audio output port. The third switch may be arranged to be
closed in the measurement mode and open in the work mode.

The integrated circuit may comprise afourth switch operatively connected
between the second input terminal of the analog input port of the audio input path and
the second output terminal of the audio output port. The fourth switch may be arranged

to be closed in the measurement mode and open in the work mode.
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Thefirst audio output path may comprise a digital-to-analog converter (DAC)
operatively connected with an input port to the digital input port of the first audio path.
The first audio output path may further comprise a driver amplifier operatively
connected between an output port of the DAC and the analog output terminal of the first
audio output path.

The audio input path may comprise an analog-to-digital converter (ADC)
operatively connected with an output port to the digital output port of the audio input
path. The audio input path may further comprise a preamplifier operatively connected
between the analog input port of the audio input path and the ADC.

The second audio output path may comprise a driver amplifier having afirst
and a second output terminal directly connected to the first and the second output
terminal, respectively, of the audio output port. The driver amplifier of the second audio
output path may be arranged to be in high-impedive state in the measurement mode for
limiting the influence on the impedance measurement.

The at least one audio output path may alternatively include a specific audio
output path having adigital input port and an analog output port comprising afirst and a
second output terminal. The specific audio output path may be said one of the at least
one audio output path that is arranged, in the work mode, to supply said audio output
signal to the audio output port via the analog output port of that one of the at least one
audio output path. In addition, the specific audio output path may also be said one of the
at least one audio output path, the at least one analog output terminal of the analog
output port of which isoperatively connected, in the measurement mode, to the first
output terminal of the audio output port for supplying said test signal to the speaker.

The specific audio output path may comprise adriver amplifier having afirst
and a second output terminal directly connected to the first and the second output
terminal, respectively, of the audio output port. The second output terminal of the driver
amplifier of the specific audio output path may be arranged to be in high-impedive state
in the measurement mode for limiting the influence on the impedance measurement.

It should be noted that the word "specific”, when used in the context of "the
specific audio output path”, isintended as alabel to identify that audio output path (in

the same way as"first" and "second" are intended as labels to identify "the first audio
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output path" and "the second audio output path"), but isnot intended to imply any
undisclosed functionality of that audio output path.

According to a second aspect, there is provided a method of measuring an
electrical impedance of a speaker connected to the audio output port of the integrated
circuit according to the first aspect. The method comprises:

a) setting the integrated circuit in the measurement mode;

b) applying adigital signal, such asadigital sinusoidal signal, of agiven
frequency to the digital input port of said one of the a least one audio output path, the at
least one analog output terminal of the analog output port of which is operatively
connected, in the measurement mode, to the first output terminal of the audio output
port for supplying said test signal to the speaker; and

c) determining a digital value representing said electrical impedance for said
given frequency based an adigital output signal of the audio input path.

In some embodiments, the steps b) and ¢) may be repeated for each of a

plurality of given frequencies.

Brief Description of the Drawings

Further objects, features and advantages of embodiments of the invention will
appear from the following detailed description, reference being made to the
accompanying drawings, in which:

Fig. lillustrates an arrangement for impedance measurements of a speaker;

Fig. 2 illustrates an audio/voice system for a cellular phone; and

Figs. 3-4 illustrate embodiments of the present invention.

Detailed Description

The inventors have realized that using the existing solution, illustrated with
Fig. 1, the test needs an externa signal generator with a precise output value V,, and an
accurate multimeter instrument (not shown inFig. 1) to measure V. In mass production,
thisisrelatively expensive both in term of equipment needed and time. Moreover, an
external reference resistance (R, ) with afrequency independent value isneeded, and a

relatively large additional PCB areato mount R, and route the test signals.
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According to embodiments of the present invention, the impedance
measurement may be performed using components already included in audio/voice
integrated circuits for a cellular phone (see e.g. Fig. 2 for atypica arrangement) without
requiring additional external components. According to some embodiments, only some
additional switches and an additional resistor are needed inside the integrated circuit.

According to some embodiments of the present invention, there isprovided an
integrated circuit for processing audio and voice signals in atelephone. The integrated
circuit may comprise an audio output port having afirst and a second output terminal
for connection to afirst and a second input terminal, respectively, of a speaker.
Furthermore, the integrated circuit may comprise an audio input port having afirst and a
second input terminal for connection to afirst and a second output terminal of a
microphone or other analog signal source. Moreover, the integrated circuit may
comprise afirst audio output path having adigital input port and an analog output
terminal. The integrated circuit may comprise a second audio output path having a
digital input port and an analog output port comprising afirst and a second output
terminal. The integrated circuit may further comprise an audio input path having an
analog input port, comprising afirst and a second input terminal, and a digital output
port. A resistor, or possibly any other type of impedance, having afirst and a second
terminal may be comprised in the integrated circuit. In the following, this component
will bereferred to asresistor, but it should be remembered that the resistor can be
replaced with any other suitable type of impedance. The first terminal of the resistor
may be connected to areference-voltage node of the integrated circuit.

The integrated circuit may have awork mode and a measurement mode. The
integrated circuit may be configured such that, in the work mode, the second audio
output path isarranged to supply an audio output signal to the audio output port via the
analog output port of the second audio output path. Furthermore, the integrated circuit
may be configured such that, in the work mode, the audio input path isarranged to
receive an audio input signal from the audio input port via the analog input port of the
audio input path.

The integrated circuit may be configured such that, in the measurement mode,

the analog output terminal of the first audio output path is operatively connected to the
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first output terminal of the audio output port for supplying atest signa to the speaker.
Furthermore, the integrated circuit may be configured such that, in the measurement
mode, the second terminal of the resistor is operatively connected to the second output
terminal of the audio output port. Moreover, the integrated circuit may be configured
such that, in the measurement mode, the first and second input terminal of the analog
input port of the audio input path are operatively connected to the first and the second
output terminal, respectively, of the audio output port for measuring an electrical
impedance of the speaker.

The integrated circuit according to some embodiments of the invention may
comprise afirst switch operatively connected between the second terminal of the
resistor and the second output terminal of the audio output port. The first switch may be
arranged to be closed in the measurement mode and open in the work mode.

The integrated circuit may comprise a second switch operatively connected
between the analog output terminal of the first audio output path and the first output
terminal of the audio output port. The second switch may be arranged to be closed in the
measurement mode and open in the work mode.

The integrated circuit may comprise athird switch operatively connected
between the first input terminal of the analog input port of the audio input path and the
first output terminal of the audio output port. The third switch may be arranged to be
closed in the measurement mode and open in the work mode.

The integrated circuit may comprise afourth switch operatively connected
between the second input terminal of the analog input port of the audio input path and
the second output terminal of the audio output port. The fourth switch may be arranged
to be closed in the measurement mode and open in the work mode.

The first audio path may comprise a digital-to-analog converter (DAC)
operatively connected with an input port of the DAC to the digital input port of the first
audio output path and adriver amplifier operatively connected between an output port
of the DAC and the analog output terminal of the first audio output path.

The audio input path may comprise an analog-to-digital converter (ADC),
operatively connected with an output port of the ADC to the digital output port of the
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audio input path and a preamplifier operatively connected between the analog input port
of the audio input path and an input port of the ADC.

The second audio output path may comprise a driver amplifier. The driver
amplifier of the second audio output path may have afirst and a second output terminal
directly connected to the first and the second output terminal of the audio output port.
The driver amplifier of the second audio output path may be arranged to bein ahigh-
impedive state in the measurement mode for limiting the influence of the impedance
measurement (the output impedance of said driver amplifier is connected in parallel
with the speaker, and atoo low value of said output impedance may have an adverse
influence on the measurement). In the high-impedive state, the output impedance of the
driver amplifier of the second audio output path may be higher than in the work mode
(i.e. higher than in "normal operation"). According to some embodiments, the high-
impedive state is attained by means of switching off output transistors of the driver
amplifier of the second audio output path. According to some embodiments, the output
impedance of the driver amplifier of the second audio output path is at least 100 times
higher than the impedance of the speaker when the driver amplifier isin the high-
impedive state. According to some embodiments, the output impedance of the driver
amplifier of the second audio output path isat least 1M Q in the high-impedive state.
For the embodiments where the first and second output terminals of the driver amplifier
of the second audio output path are directly connected to the first and the second output
termina of the audio output port, the driver amplifier of the second audio output path
may beused to drive speakers having arelatively low associated load impedance, as
there are no switches in the signal paths between the output terminals of the driver
amplifier of the second audio output path and the audio output port. According to some
embodiments, said relatively low load impedence isin the range 1-100 Q. For example,
the load impedance may be equal to or approximately equal to 32 Q (or lower).
According to some embodiments, said relatively low load impedence isin the range 1-
10 Q, such ashut not limited to 4 Q, 6 Q, or 8 Q (or lower).

According to some embodiments of the present invention, there isprovided a
method of measuring an electrical impedance of a speaker connected to the audio output

port of the above-mentioned integrated circuit. The method may comprise
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a) setting the integrated circuit in the measurement mode;

b) applying adigital sinusoidal signal of agiven frequency to the digita input
port of the first audio output path; and

c) determining adigital value representing said electrical impedance for said
given frequency based an adigital output signal of the audio input path.

Some embodiments may comprise repeating steps b) and c) for aplurality of
given frequencies.

Fig 2 illustrates areference example of an audio/voice integrated circuit 12,
which isused below for comparison with embodiments of the present invention. The
integrated circuit 12 has an audio output terminal 14, which may e.g. be aso called line
out terminal. Furthermore, an audio output port having afirst and a second output
terminal 16a, 16b for connection to afirst and a second input terminal, respectively, of a
speaker 5, which isaso shown together with the integrated circuit 12. Moreover, the
integrated circuit 12 comprises an audio input port having afirst and a second input
terminal (18a, 18b) for connection to afirst and a second output terminal of an audio
input source, such as amicrophone, which may e.g. be abuilt-in microphone of a
telephone.

In the example illustrated in Fig. 2, the integrated circuit 12 comprises a digital
signal processor (DSP) 20 for processing digital audio signals.

Furthermore, in the example illustrated in Fig. 2, the integrated circuit 12
comprises an audio output path 22, in the following referred to asthe "RX 1 path 22".
The RX 1path 22 has an analog output terminal 24 operatively (possibly directly)
connected to the audio output terminal 14 of the integrated circuit 12. The RX 1path 22
may comprise aDAC 25 operatively connected with an input port to a digital input port
of the RX 1path 22. Said digital input port may be connected to the DSP 20 for
receiving digital audio signals from the DSP 20. The RX 1 path 22 may further
comprise adriver amplifier 30, in the following referred to as"the DRIVER A 30",
operatively connected between an output port of the DAC 25 and the analog output
terminal 24 of the RX 1path 22. Asisillustrated in Fig. 2, the RX 1 path may comprise
interface circuitry 35 operatively connected between the DAC 25 and the digital input
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port of the RX 1path 22. The interface circuitry 35 may e.g. comprise digital
interpolation filters.

In the example illustrated in Fig. 2, the integrated circuit comprises another
audio output path 40, in the following referred to as "the RX 2 path 40". The RX 2 path
40 has a digital input port. Furthermore, the RX 2 path 40 has an analog output port
comprising afirst and a second output terminal 42a, 42b. Asillustrated in Fig. 2, said
digital input port may be connected to the DSP 20 for receiving digital audio signals
from the DSP 20. Asillustrated in Fig. 2, the RX 2 path 40 may comprise adriver
amplifier 50 having afirst and a second output terminal. Said first and second output
terminal of the driver amplifier 50 may be directly connected to the first and second
output terminal 42a and 42b, respectively, of the RX 2 path 40. Furthermore, as
illustrated in Fig. 2, the first and second output terminals 42a and 42b may be directly
connected to the output terminals 16aand 16b, respectively, of the integrated circuit 12.
The RX 2 path 40 may comprise aDAC 45 operatively connected with an input port to
the digital input port of the RX 2 path 40. The driver amplifier 50 may be operatively
connected between an output port of the DAC 45 and the analog output port of the RX 2
path 40. Similarly tothe RX 1path 22, the RX 1path may comprise interface circuitry
55 operatively connected between the DAC 45 and the digital input port of the RX 2
path 40. Similarly to interface circuitry 35 of the RX 1path 22, the interface circuitry 55
may e.g. comprise digital interpolation filters.

In the reference example illustrated in Fig. 2, the integrated circuit 12 further
comprises an audio input path 60, inthe following referred to as"the TX 1path 60".
The TX 1path 60 has an analog input port comprising input terminals 62a and 62b for
receiving analog audio signals. Asillustrated in Fig. 2, the TX 1 path 60 may comprise
an ADC 65 for converting received analog audio signals to a digital representation. The
ADC 65 may be operatively connected with an output port to adigital output port of the
TX 1path 60. Said digital output port may be connected to the DSP 20 for forwarding
digital audio signals to the DSP 20. Furthermore, asillustrated in Fig. 2, the TX 1 path
60 may comprise apreamplifier 70 operatively connected between the analog input port
the TX 1path 60 and the ADC 65. Asisillustrated in Fig. 2, the TX 1 path may
comprise interface circuitry 75 operatively connected between the ADC 65 and the
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digital output port of the TX 1path 60. The interface circuitry 75 may e.g. comprise
digital interpolation filters.

An example embodiment of the present invention isillustrated in Fig. 3 and
Fig. 4. Elements that are the same asin the reference example in Fig. 2 are denoted
with the same reference signsin Figs. 3 and 4 asin Fig. 2, and are not further described
in great detail.

Fig. 3illustrates an audio/voice integrated circuit 112 during impedance
measurement according to some embodiments of the invention. A digital test machine
(for example the DSP 20) forces adigital signal, such asadigital sinusoidal signal, with
afixed frequency at the digital input port of the RX 1path 22. Thisis converted to an
analog signal by the RX 1 path 22, by means of the DAC 25 and applied, through an
output driver (i.e. DRIVER A 30), to the external speaker transducer 5.

With reference to Fig. 4, the impedance testing procedure (or "measurement
mode") is activated by closing a switch 120 (corresponding to the above-mentioned
second switch) which connects the single-ended output of DRIVER A 30 to one pin of
the speaker 5 and closing a switch 125 (corresponding to the above-mentioned first
switch), connecting the other pin of the speaker to the resistor R;. The value of R, may
be comparable (the same or similar) to the minimum load supported by the forcing
driver DRIVER A 30 (normally this value islarger than the measured speaker load). As
above, it should be remembered that the resistor R, in some embodiments may be
replaced with any other suitable type of impedance.

The output pads of the speaker driver are then routed through the switches 130
and 135 (corresponding to the above-mentioned third and fourth switches), to the
differential input of the preamplifier 70 to send the voltage drop to the TX 1 path 60.
The TX 1path 60 converts this analog signal to adigital signal, by means of the ADC
65. The digital signal can be processed by the test digital machine (e.g. DSP 20).

The digital test machine can analyze the digital signal to calculate V, and the
speaker impedance a the forced sinusoidal frequency value using e.g. the above

formula of Eq. 1.
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The digital test machine algorithm can act to compensate the typical parameter
variation of the integrated components (e.g. generator errors, switches impedances,
parasitic resistors, resistor variations, etc).

For instance, to avoid ameasurement error due to R variation or variations in
switches impedances, the digital machine may first perform an impedance measurement
a low frequency (for instance 100Hz) and normalize all the following measurements
(e.g. a higher frequencies) to the ratio between the typical low frequency impedance
value and the measured low frequency impedance value.

According to another example, an algorithm may be used to prevent an offset
error from affecting the measurement accuracy. The digital test machine can, a the
beginning of the test procedure, evaluate the offset and then subtract it from every
measured value.

A normal audio system can typically guarantee the needed resolution in
frequency and in amplitude on sinusoidal signal generated and can normally guarantee
correct/accurate measurement of the voltage drop V, using the high gain capability of
the preamplifier 70, its low input noise, and the resolution of anormal TX channel.

The gain capability of the preamplifier 70 and its low input noise may be of
importance, because in some conditions, Vv, could be arelatively weak signal. In fact,
the forcing DRIVER A 30 can normally drive arelatively high load resistance (R, of
some kQ), whereas the loudspeaker resistance could be much lower (e.g. downto 6 Q).
In this case the voltage drop V, isrelatively low in amplitude, but thanks to the
relatively high gain of the preamplifier 70, the signal amplitude onthe TX 1path 60is
good enough for an adequate measurement. The aforementioned high gain and low
noise properties are automatically attained in embodiments where the TX1 path 70 (or
"audio input path") isamicrophone input path. In embodiments where the TX1 path is
aso called "line in" path, an additional dedicated preamplifier may have to be provided
for impedance measurements. However, this should be decided from caseto case, e.g.
based on measurements on prototypes and/or based on computer simulations.

By means of embodiments of the present invention, aloudspeaker or ear
speaker impedance measurement can be performed using only blocks already present

inside an audio/voice integrated circuit for cellular phones, such asthe reference
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example of the integrated circuit 12 illustrated in Fig. 2. These blocks in "normal mode"
(or work mode) are used to manage the audio/voice signals. However, in "test mode"

(or measurement mode), they can be arranged to perform the speaker impedance
measurement. In some embodiments, the additional on-chip hardware required to enable
the impedance measurement amounts to afew switches (e.g. switches 120, 125, 130,
135) and areference resistor (e.g. R;), which isarelatively low hardware overhead

cost.

In this way, the equipment needed for testing isreduced to aDSP. It should be
noted that the DSP 20 already present for audio signal processing on the integrated
circuit 12 (see e.g. Fig. 2) can beused for this purpose asthe above-mentioned "digital
test machine". Hence, said DSP 20 may be arranged or programmed for generating test
signals and impedance measurements in the measurement mode, which is advantageous
from a hardware-cost point of view, e.g. since no additional dedicated digital test
machine or DSP isrequired for the impedance measurements. Furthermore, the
assembly cost isreduced, e.g. since no external components and no additional space on
the PCB board are required to enable the impedance measurement.

The present invention has been described above with reference to specific
embodiments. However, other embodiments than the above described are possible
within the scope of the invention. For example, in the embodiments described above,
the RX 1path 22 (or "first audio output path 22") has been used to supply the test signal
to the speaker 5in the measurement mode. However, according to aternative
embodiments, the RX 2 path 40 may be the audio output path that supplies the test
signal to the speaker 5in the measurement mode. This can e.g. be accomplished if the
driver amplifier 50 is configurable such that at least the output terminal of the driver
amplifier 50 that is connected to the output terminal 42b of the RX 2 path 40 can be
individually setin ahigh-impedive state (various alternative definitions of "high-
impedive state" have aready been presented above in another context and are applicable
in this context aswell). In the measurement mode, this output termina of the driver
amplifier 50 can thereby be effectively disconnected from the speaker 5 (without the
need for any switch in the signal path between the driver amplifier 50 and the speaker
5), and the other output terminal of the driver amplifier 50 can then be used to apply the



10

15

20

25

30

WO 2012/004348 PCT/EP2011/061519

14

test signal. In such an embodiment, there isno need for the RX 1path 22 from an
impedance-measurement perspective (although it may be needed for other reasons, e.g.
to drive aline-out output).

Thus, more generaly, in accordance with some embodiments of the present
invention, the integrated circuit 112 for processing audio and voice signalsin a
telephone comprises at least one audio output path (such asthe RX 1path 22 and/or the
RX 2 path 40) having a digital input port and an analog output port with at least one
analog output terminal (such asthe analog output terminal 24 and/or the analog output
terminal 42ad). Inthe work mode, one of the at least one audio output path is arranged to
supply an audio output signal to the audio output port via the analog output port of that
one of the at least one audio output path. In the measurement mode, the at least one
analog output terminal of the analog output port of one of the at least one audio output
path is operatively connected to the first output terminal of the audio output port for
supplying atest signal to the speaker. In some embodiments, such asthose described
with reference to Figs. 3-4, said one of the &t least one audio output path that is
arranged, in the work mode, to supply said audio output signal to the audio output port
via the analog output port of that one of the a least one audio output path isthe RX 2
path 40, whereas said one of the at least one audio output path, the at least one analog
output terminal of the analog output port of which is operatively connected, in the
measurement mode, to the first output terminal of the audio output port for supplying
said test signal to the speaker isthe RX 1path 22. According to other embodiments,
such asthe above-mentioned alternative embodiments, a specific one (e.g. the RX 2
path 40) of the at least one audio output path isboth said one of the at least one audio
output path that is arranged, in the work mode, to supply said audio output signal to the
audio output port via its analog output port and said one of the at least one audio output
path, the at least one analog output terminal of the analog output port of which is
operatively connected, in the measurement mode, to the first output terminal 16a of the
audio output port for supplying said test signal to the speaker 5.

The different features of the embodiments may be combined in other
combinations than those described. The scope of the invention isonly limited by the

appended patent claims.
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It should be emphasized that the term "comprises/comprising” when used in
this specification istaken to specify the presence of stated features, integers, steps, or
components, but does not preclude the presence or addition of one or more other

features, integers, steps, components, or groups thereof.
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CLAIMS

1. An integrated circuit (112) for processing audio and voice signalsin a
telephone, comprising:

an audio output port having afirst and a second output terminal (16a, 16b) for
connection to afirst and a second input terminal, respectively, of a speaker (5);

an audio input port having afirst and a second input terminal (18a, 18b) for
connection to afirst and a second output terminal of an audio input source;

a least one audio output path (22,40) having adigital input port and an analog
output port with at least one analog output terminal (24,42a);

an audio input path (60) having an analog input port, comprising afirst and a
second input terminal (62a,62b), and adigital output port; and

atest impedance, such asaresistor, (R;) having afirst and a second terminal,
wherein the first terminal is connected to areference-voltage node of the integrated
circuit (112);

wherein the integrated circuit (112) is configured such that:

in awork mode of the integrated circuit (112)

- one (40) of the a least one audio output paths (22, 40) isarranged to supply
an audio output signal to the audio output port via the analog output port of that one
(40) of the a least one audio output path (22,40); and

- the audio input path (60) is arranged to receive an audio input signal from the
audio input port viathe analog input port of the audio input path (60); and

in ameasurement mode of the integrated circuit (112)

- the at least one analog output terminal (24,42a) of the analog output port of
one of the at least one audio output path (22,40) is operatively connected to the first
output terminal (16a) of the audio output port for supplying atest signal to the speaker
(5);

- the second termina of the test impedance (Ry) is operatively connected tothe
second output terminal (16b) of the audio output port; and

- the first and second input terminal (62a,62b) of the analog input port of the
audio input path (60) are operatively connected to the first and the second output
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terminal (16a, 16b), respectively, of the audio output port for measuring an electrical
impedance of the speaker (5).

2. The integrated circuit (112) according to claim 1, wherein the at least one
audio output path (22,40) includes

afirst audio output path (22) having a digita input port and an analog output
termina (24); and

a second audio output path (40) having adigital input port and an analog output

port comprising afirst and a second output termina (42a,42b).

3. Theintegrated circuit (112) according to claim 2, wherein the second audio
output path (40) is said one of the at least one audio output path (22,40) that is arranged,
in the work mode, to supply said audio output signal to the audio output port via the
analog output port of that one (40) of the at least one audio output path (22,40).

4. Theintegrated circuit according to claim 2 or 3, wherein the first audio
output path (22) is said one of the at least one audio output path (22,40), the at least one
analog output terminal (24) of the analog output port of which is operatively connected,
in the measurement mode, to the first output terminal (16a) of the audio output port for

supplying said test signal to the speaker (5).

5. The integrated circuit (112) according to any of the claims 2-4, comprising a
first switch (125) operatively connected between the second termina of the test
impedance (R;) and the second output terminal (16b) of the audio output port, wherein
the first switch (125) isarranged to be closed in the measurement mode and open in the

work mode.

6. The integrated circuit (112) according to any of the claims 2-5, comprising a
second switch (120) operatively connected between the analog output terminal (114) of

the first audio output path and the first output termina of the audio output port, wherein
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the second switch isarranged to be closed in the measurement mode and open in the

work mode.

7. The integrated circuit (112) according to any of the claims 2-6, comprising a
third switch (135) operatively connected between the first input terminal (62a) of the
analog input port of the audio input path (60) and the first output terminal (16a) of the
audio output port, wherein the third switch (135) isarranged to be closed in the

measurement mode and open in the work mode.

8. The integrated circuit (112) according to any of the claims 2-7, comprising a
fourth switch (130) operatively connected between the second input terminal (62b) of
the analog input port of the audio input path (60) and the second output terminal (16b)
of the audio output port, wherein the fourth switch (130) is arranged to be closed in the

measurement mode and open in the work mode.

9. Theintegrated circuit (112) according to any of the claims 2-8, wherein the
second audio output path (40) comprises a driver amplifier (50) having afirst and a
second output terminal directly connected to the first and the second output terminal

(164, 16b), respectively, of the audio output port.

10. The integrated circuit (112) according to claim 9, wherein the driver
amplifier (50) of the second audio output path (40) isarranged to bein high-impedive
state in the measurement mode for limiting the influence on the impedance

measurement.

11. The integrated circuit (112) according to claim 1, wherein the at least one
audio output path (22,40) includes a specific audio output path (40) having adigital
input port and an analog output port comprising afirst and a second output terminal
(42a,42Db);

the specific audio output path (40) is said one of the at least one audio output
path (22,40) that is arranged, in the work mode, to supply said audio output signal tothe
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audio output port via the analog output port of that one (40) of the at least one audio
output path (22,40); and

the specific audio output path (40) isaso said one of the a least one audio
output path (22,40), the & least one analog output terminal (42a) of the analog output
port of which is operatively connected, in the measurement mode, to the first output

termina (16a) of the audio output port for supplying said test signal to the speaker (5).

12. The integrated circuit (112) according to claim 11, wherein the specific
audio output path (40) comprises adriver amplifier (50) having afirst and a second
output terminal directly connected to the first and the second output terminal (16a, 16b),
respectively, of the audio output port.

13. Theintegrated circuit (112) according to claim 12, wherein the second
output terminal of the driver amplifier of the specific audio output path (40) is arranged
to bein high-impedive state in the measurement mode for limiting the influence on the

impedance measurement.

14. A method of measuring an electrical impedance of a speaker (5) connected
to the audio output port of the integrated circuit (112) according to any preceding claim,
comprising:

a) setting the integrated circuit (112) in the measurement mode;

b) applying adigital signal, such asadigital sinusoidal signal, of agiven
frequency to the digital input port of said one of the at least one audio output path
(22,40), the at least one analog output terminal (24, 42a) of the analog output port of
which isoperatively connected, in the measurement mode, to the first output terminal
(16a) of the audio output port for supplying said test signal to the speaker (5); and

c) determining adigital value representing said electrical impedance for said

given frequency based an adigital output signal of the audio input path (60).

15. The method according to claim 10, comprising repeating steps b) and c) for

each of aplurality of given frequencies.
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