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| - INTRODUCTION

This note discusses the principles and feature of a
hands-free telephone set using TEA7540, the de-
scription of TEA7540 IC, design applications, and
the set-up procedure.

Supply : TEA7540 can be :

- powered directly from the telephone line due to
its low consumption (2.1mA typically) and mini-
mum operating voltage (2.5V).

- powered from a stabilized voltage source from
2.5V to 7V. The current consumption is from
2.1mA up to 2.8mA when the voltage supply
varies from 2.5V to 7V.

Duplex voice paths :

The handset allows 2-way simultaneous conversa-
tions (transmit and receive). This is commonly
called the "full duplex operation”.

In the hands-free telephone set case, the loop that
existswithin the system forcesthe introduction of an
attenuation into the path which is detected as the
dominatedvoice path. Only one person speaksat a
time, while the other listens. This is the case of
current speakerphones available on the market.
They are called "half duplex operating systems”.
TEA7540 performs the switching function needed
for speakerphone operation. It allows a good ap-
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proximation of full duplex operation by attenuation
switching optimization and by gain control for the
transmit and receive voice paths.

TEA7540 has also a system which enables con-
stantbackgroundnoiseto be ignoredin makingthe
transmit/receive switching decision.

TEA7540 voice-switched speakerphone circuit in-
corporates compressor-amplifiers, attenuators,
level detectors, and a switching control system. It
can also be operated in the handset mode with a
chip select commandwhich bypassesthe switching
functionsassociated with the hands-free mode.

Each input of TEA7540 includes a compressor
pre-amplifier. This feature allows the transmitted
line level to be independent of the distance be-
tween the speaker and the microphone. Similary,
the received level does not depend on the tele-
phone line charcateristics.

Specially designed for basic low cost hands-free
telephone set applications, TEA7540 provides a
control interface between the speech IC, the
hands-free microphone, and the loudspeaker IC.
The interface can also be extended to a microcom-
puter with more sophisticated operating facilities
and controls.




TEA7540 APPLICATION NOTE

Il - ARCHITECTURE DESCRIPTION

1.1 - Reference Schematics
11.1.1 - TEA7540 Pin Description

No Pin Description
1 GND Ground

2 CSs Chip Select

3 OUTE Transmit Attenuator Output

4 ATTE Transmit Attenuator Input

5 HYSTE Transmit Hysteresis

6 HYSTR Receive Hysteresis

7 TIM Timer

8 CCE Transmit Compressor Time Constant

9 CE3 Transmit Background Noise Memorization
10 CE2 Transmit Peak Detector

11 CEl Transmit Rectifier Input

12 MICOUT Transmit Compressor Output

13 INE Transmit Compressor Input

14 VREF Reference Voltage

15 INR Receive Compressor Input

16 RECOUT Receive Compressor Output

17 CR1 Receive Rectifier Input

18 CR2 Receive Peak Detector

19 CR3 Receive Background Noise Memorization
20 CCR Receive Compressor Time Constant

21 AMP2 Microphone Pre-amplifier Input

22 AMP1 Microphone Pre-amplifier Supply

23 VOL Volume Control

24 ATR Attenuator Control

25 ATTR Receive Attenuator Input

26 OUTR Receive Attenuator Output

27 IREF Reference Current

28 V+ Power Supply Input

‘ SGS-THOM
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11.1.2 - TEA7540 Block Diagram

Figure 1

Il - ARCHITECTURE DESCRIPTION (continued)
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TEA7540 APPLICATION NOTE

Il - ARCHITECTURE DESCRIPTION (continued)

11.1.3 - TEA7540 Typical Application
For more information, see Application Section.
Figure 2

V+
OUTE —» To Speech Circuit
OUTR = To Loudspeaker Amplifier
AMP1 -4 Up. Supply
1 1 INR -4 From Speech Circuit
NN -I- ATTR
CR1
E RECOUT
A ATTE
,_I 7 CE1l
5 MICOUT
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0 copi—L
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Hands-Free CR2 EB}—EF
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S
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|| AMP2
V+ O I | %'_ﬂ
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I1.2 - Main Characteristics of a Telephone Set using TEA7540

TEA7540is easily supplied from the line.

TEA7540 has an automatic level control, called
compressor, in each channel : TEA7540 is self-
adaptivedependingon line (receive line lossesdue
to line length variations) and room conditions (dis-
tance variations between microphone and
speaker).

TEAT7540is notaffected by typical noise conditions
in each path.

‘ SGS-THOMSON
YT VICRGELECTRONIGS

Programmable attenuators are provided sepa-
rately in each voice path.

Chip select allows hands-free and monitoring op-
eration separately.

Microphone preamplifier for handset mode is pro-
vided on-chip.

Different national standards are easily matched by

varying the values of a small number of external
components.

5/44
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TEA7540 APPLICATIONNOTE

Il - ARCHITECTURE DESCRIPTION (continued)

I1.3 - Hands-free Telephone Set Architecture
Acomplete hands-free telephone set design incor-
porates the following circuits :

- TEA7540

- speech circuit

- loudspeaker amplifier

Figure 3:  Simplified Schematic of

an Hands-free telephone set

Line

,

SPEECH

vV A

Rx

LOUDSPEAKER
AMPLIFIER

%—[j Loudspeaker

C

TX
HANDS-FREE

>
~F——«

Microphone

m’ . A : Handset
A+ C : Monitoring

Handset B+ C : Hands-Free

Cs ;)
o Hands-Free
Microphone

B

Earpiece| A

The chip select switch (Pin2) is used to select one
of the two basic operating modes of TEA7540:

Handset Mode

a) For monitoring operation in the receive path is
introduced a programmable gain and in the
transmit one a fixed gain (20dB).

b) The handset microphone is enabled and the
hands-free microphone is disabled.

Figure 4 : Loop Gain Principle

AN372-03.EPS

Hands-Free Mode

a) The handset microphone is off and the
handsfree microphone is on.

b) The attenuation controls are operative in the
transmit and receive paths.

11.4 - Schematic Blocks and Operative Modes

The circuit basically contains 5 blocks : (Figure 4)

- Tx compressor : transmit pre-amplifier with vari-
able gain

- Tx attenuator: programmable transmitattenuator

- Rx compressor : receive pre-amplifier with vari-
able gain

- Rx attenuator: programmablereceive attenuator

- Control block : attenuation control system

The control block monitors the level of transmit/re-
ceive signals and provides a set of control signals
which switch the system into one of the three
following operational modes :

Transmit Mode

- The Tx attenuatorhas a constantattenuation (0dB),

- The Tx compressor maintains constant its output
V1 (200mVpp),

- The Rx attenuation provides the programmed
attenuation,

- The Rx compressor is disabled.

Receive Mode

- The Rx attenuatorhas a constantattenuation (0dB),

- The Rx compressor maintains constant V2
(ZOOmVpp),

- The Tx attenuation provides the programmed
attenuation,

- The Tx compressoris disabled.

Idle Mode

- The loop attenuation (AS, programmable by
Pin 24) is distributed equally (AS/2) between the
transmit and receive attenuators.

Compressor
Attenuator

P—&H

Acoustic

TRANSMIT GAIN

Coupling ATTENUATION Al 24 o e
CONTROL Sidetone WIRES
A2 )
Coupling
>3- <& <&
Attenuator RECEIVE AGAIN
Loudspeaker Compressor
Amplifier Speech Circuit

TEA7540
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TEA7540 APPLICATION NOTE

Il - ARCHITECTURE DESCRIPTION (continued)

5 - Additional Features of TEA7540

11.5.1 - Low Voltage Operation and

a)

b)

Power Saving with TEA7540

Efficient operation over a wide range of supply
voltage (2.5V to 7V) to fulfil different national
standards. The consumption is at low current
even at maximum supply voltage ensuring low
power consumption. In some countries the
voltage available over the telephone set is as
low as 5V and the minimum line currentis lower
than 20mA. TEA7540 allows line powered
application due to its minimum operating
voltage, 2.5V, and operating current, 2.1mA.
Background noise immunity :

TEAT7540 has a system which enables constant
background noise to be ignored in making the
Selection of the appropriate operating mode :
transmit/ receive/ idle (see 11.5.4 section). The
backgroundnoise control of TEA7540keepsthe
systemin idle mode until the level of the signal
is higher than the noise threshold, in this case
the system switchesin receive or transmit mode.
Half duplex/fullduplex :

TEA7540 allows a good approximation of full
duplex operation by attenuation switching
optimization and by gain control for the transmit
and receive paths.

d)

Stability :

The attenuationcontrol of TEA7540 distributes
the required loop attenuation between the
transmit or receive channels according to the
mode of operation: transmit receive or idle.
Attenuationis required to avoid instability which
appears when the total loop gain (electronic
gain + transducer + acoustic coupling gains) is
higher than 0dB.

Stability condition : (GR+GT)<<(AA+AE)
(see Figure 5)

11.5.2 - Automatic Level Control with TEA7540

TEA 7540 has two signals compressors which per-
form an automatic level control of the Tx and Rx
signals and provide constant amplitude voltage
outputs (200mV peak-peak).

a)

b)

The transmit compressor compresses the
hands-free microphone signal in such a way
that the distance between the speaker and the
microphonecan be from0.5 upto 3 meters.This
implies : see Figure 6.

The line level speech depends on the line
length. The receive compressor compresses
the receive signal from speech circuit to
compensate the looses due to line length. This
implies : see Figure 7.

Figure 5 : Howling effect due to acoustic coupling and to receive sidetone

Telephone Housing

Telephone Housing

-— - GT-————

Line

Exchange

Line

BALANCE )
A NETWORK Ae o
\ o /
Volume Control
ROOM

A

complete hands-free system

Stability condition (GR + GT) < (AA+ AE)
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TEA7540 APPLICATIONNOTE

Il - ARCHITECTURE DESCRIPTION (continued)

Figure 6 : Transmit Compressor Range Gimax - Gimin = 16.5dB

0.5m

-

V, = 11.2mV,,

3m
-

V,=1.7mV,,

D—> V, = 200mMV,,
G, = Gy, = 250B
I )—> V, = 200mV,,
G, = Gy = 41.50B

1(Max.)

Figure 7 : Receive Compressor Range Gzmax - Gzmin = 20.5dB

SPEECH

LINE CIRCUIT

—

SPEECH

LINE CIRCUIT

V, = 3mV,, >c;:: G, o, = 36.50B
V, =32mVe, >(;2 = G, (winy = 16dB

V, = 200mV,,

V, = 200mV,,

11.5.3 - Self-adaptative Compression
with TEA7540

The compressorsin the inactive (dominated) chan-

nel works at a fixed gain which can neverincrease

but may decrease following an increase of domi-

nated channel signal.

a) Behaviourofadominantchannelcompressors:
see Figure 8

b) Behaviour of a dominated channel
compressors : see Figure 9.

As shownin Figure 9 when the Rx (or Tx) compres-

sorinput voltage decreasesthe gain is always held

at its previous value.

When this voltage increases to a value higher than
previous value, the gain decreases.

) _ ) Figure 9
Figure 8 : Compressor Gain versus Input Signal
Output )
250mVPP Slgnal Tx % Gain
200mV,, A
S G(Max)
Dynamic = 16.5dB—* N\
f f >
1.7MmVep m.mve,. | | b Gy
Input Tx Compressor |
Input Level
Output A
250mVPP Slgnal RX %
200mVe, Level before
[ A N R W A Switching
Dynamic = 20.5dB—=
3mV,, 32mV,, g >
Input Rx Compressor %
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TEA7540 APPLICATION NOTE

Il - ARCHITECTURE DESCRIPTION (continued)

11.5.4 - Detection of Typical Noise Condition
with TEA7540 (Figure 10)

TEA7540is ableto :

- recognize the presence of a speech over a wide
range of noise levels in both transmitand receive
channels.

- select the appropriate mode, transmit, receive or
idle, by extracting and comparing the burstsignal
component(speech), of both the Tx and Rx chan-
nels, while rejecting the long-term steady-state
noise components.

Figure 10 : Background Noise/Speech Discrimination

- switch , such as appropriate mode, in the trans-
mit, receive or idle. This involves appropriate
switching of Tx and Rx channel attenuation
values.

[1.5.5 - Flexible Application

- All the different time constants are externally
programmable.

- Attenuation valuesare externallyprogrammable.

- The same application can be used in monitoring
mode (group listening) via the chip select pin.

>

Compressor Tx BACKGROUND

NOISE
ENVELOPE
SMOOTHING

>

SPEECH
ENVELOPE
TRACKING

SPEECH
ENVELOPE
TRACKING

BACKGROUND
NOISE
ENVELOPE
SMOOTHING

—
Compressor Rx

Subtractor

>
>

Subtractor

Attenuator Tx

MODE CONTROL
SELECTION [ ATTENUATION
BLOCK BLOCK

Attenuator Rx

o>
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TEA7540 APPLICATIONNOTE

Il - LOOP GAIN PRINCIPLE (see also section V.2)
I11.1 - The Voice-Path Loop-Gain Calculation

The hands-free telephone circuit contains a loop
comprising the transmitand receive path amplifiers
and attenuators, in association with sidetone and
acoustic coupling attenuation (Figure 4). The loop-
gain,LG, mustbe lower than 0dB to avoid instability.

LoopGain=LG=G1-AT+GT- Al+GR +G2 -
AR+ GL - A2 (dB) <0dB

The compressor gains, G1 and G2, may be ex-
pressedin the form:

Gl=Glmax-dG1 (dB)

G2 = G2max- dG2 (dB)

Intheseequations,G1lmaxand G2maxare constant
gainvalues, and dG1 and dG2 represent effectively
attenuationsintroduced by the compressor amplifi-
ers to handle signals larger than minimum.

0 <dG1l< 16.5dB
0 <dG2< 20.5dB

In the basic loop-gain equation AT represents the
attenuationintroducedin the transmission channel
when the circuit is in either the receive or idle
modes. Similarly AR represents the attenuation
introduced in the receive channel when the circuit
is in the transmit or idle modes.

Note : in receive mode AR = 0 in transmit mode
AT = 0 in idle mode the total attenuation is equally
shared between two channels.

Conceptually, the circuit of Figure 4 may be re-
drawn as shown in Figure 11 where G1lmax, GT,
GR, G2max, and GL represent amplifiers of fixed
gain, and the dynamic components dG1, AT, dG2,
and AR consitute an attenuatorblock (AS).

The loop-gain equation may now be writtenin the
form:

LG = (Glmax+G2max+GT+GR+GL)-(A1+A2)-
(AT+AR+dG1+dG2)

Hence : Loop Gain = Const(gain) - Const(att) -
(AT+AR+dG1+dG2)

or, alternatively :

Loop Gain = Constant - (AT+AR+dG1+dG2)

Let the total controlled attenuation be represented
Figure 11 : AttenuationsBlock Principle

by : AS = AT+ AR for dG1 and dG2 #0

Loop Gain = LG = Constant - (AS+dG1+dG2)..(1)
The total dynamic attenuation, AS, is shared be-
tween two controlled attenuators, one each in the

receive and transmit channels, according to the
mode of operation.

Let ASO = ATO +ARO for dG1 = dG2 = 0, i.e. for
maximum compressor gains. ASO is the total at-
tenuationinserted by the attenuation controlblocks
in the two pathsin function of the operating mode,
in particular :

Tx Mode Rx Mode Idle Mode
ATO 0dB ASO AS0/2
ARO ASO 0dB AS0/2

The ASOvalueis programmedby an externalresistor
between10dBand 60dBas Table1 shows. The ASO
value must be choosen in order to guarantee the
stability condition (LGO < 0dB) for all the operating
modesand with all the signallevel conditions. It must
compensatethe sum of the electrical and acoustical
coupling and the constant gains. Let LGO the corre-
sponding value of the loop gain.

Then :
Loop Gain = LGO= Constant- ASO<<0dB....... (2)

For any other compressor gain/operating mode
conditions we may write, using the expression (1)
and (2) :

LG - LGO= (ASO-AS) - (dG1-dG2)........cc.u..... 3)
When the ASO value has been choosen TEA7540
will control the value of AS = AT + AR so that
LG - LGO= 0for all operative conditions of compres-
sor gain (i.e. all values of dG1 and dG2), and all
modes of operation(i.e. all possible modes of sharing
thetotal controlled attenuation,AS, betweenthe two
paths, in this way the system will approach to a full
duplex behaviour because TEA7540 will keep al-
ways LG at the max value guarantingthe stability.

from rule 3 we have : AS = ASO - dG1 - dG2
AS is a parameter time varying in function of level

signals and shared between receive and transmit
paths in function of the operating modes.

A2

W%M
< <af<ef<gf<

10/44

‘_ SGS-THOMSON
Y/, MIGROELESTRONICS

AN372-11.EPS



TEA7540 APPLICATION NOTE

Il - LOOP GAIN PRINCIPLE (see also section V.2) (continued)

Thisprovidesthat LG is alwaysas closeas possible
to LGO value.

Thus we have:

a) In transmit mode we have zero attenuation in
the transmit channel, AT = 0 and hence:
AR =ASO- dG1- dG2
Note : Remember that the gain of the maximum
receiving compressor (G2) is frozen at its previous
value before the switching, and dG2 varyes as
explained in section 11.5.3 whereas dG1 is varying
accordingtoinputmicrophonesignal. Consequently
when the system is in Tx mode and the level of
microphone is increasing the compressor gain
decreases. TEA7540 will decrease AS on the
receive path by an equalamount.

b) Inreceive modewe have zeroattenuationin the
Receive channel, AR =0 and hence:
AT =AS0- dG1-dG2
Note : Rememberthatthe gain of the maximum
transmitting compressor (G1) is frozen at its
previous value before the switching, and dG1
varyes as explained in section 11.5.3 whereas
dG2 is varying according to the Tx input signal
from the line. In the same previous way when
the system is in Rx mode and the level on the
line signal is increasing the compressor gain
decreases. TEA7540 will decrease AS on the
transmitting path by an equal amount.

¢) Inidle mode the attenuation is shared equally
between the two channelsand hence :
AT=AR=AS/2=(AS0-dG1-dG2)/2
where dGland dG2 are frozento them previous
values.
In TEA7540theattenuatorcontrollerprocessesthe
compressor signals (which provides a measure of
the values of dG1 and dG2) and produces control
voltages which set the attenuation levels AT
(Receive mode), AR (Transmit mode), or both AT
and AR (Idle mode) so as to ensure stability under
all conditions of operation.

Table 1 : Table of Programmable Attenuation ASO

R Programmable R Programmable
Pin 24 | Attenuation ASO | Pin 24 | Attenuation ASO

0K 10.4dB 8K 40.2dB

1K 13.2dB 9K 44.3dB

2K 17.0dB 10K 48.0dB

3K 20.3dB 11K 52.0dB

4K 24.3dB 12K 55.0dB

5K 28.4dB 13K 57.7dB

6K 32.5dB 14K 60.2dB

7K 36.4dB 15K 62.4dB

with G1, G2 = max and dG1,dG2 =0

1.2 - Examples

In the following examples (Figures 12, 13 and 14)
the circuit is in receive mode with required total
attenuation values of ASO = 30dB, ASO = 37dB,
and ASO = 50dB (depending on different values of
the constant).

A resistance value of approximately 5.5kQ con-
nected to Pin 24 yields a maximum attenuation of
30dB with both compressors operatingunder maxi-
mum gain conditions. With the compressor gains
reduced by a total of dG1 + dG2 = 30dB the
attenuation AT is reduced to its minimum possible
value of 0dB. With any further decrease of com-
pressorgains the loop gain is reduced by up to 7dB
(see Figure 12).

In this case (Figure 13) the value of ASO is setto a
value of 37dB (resistance value of 7.2kQ con-
nected to Pin 24) with both compressors operating
at maximum gain. The attenuationis reduced by
1dB for each decrease of 1dB in total compressor
gain up to the maximum of 37dB.

In this case (Figure 14) the value of ASO corre-
sponding to the maximum compressor gain setting
is adjusted to 50dB (using a value of about 10.5kQ
connected to Pin 24). Although the available dy-
namic range of attenuation values is 52dB the
actual attenuationrange is limited to 37dB.

Figure 12 : Example 1. ASO = 30dB with the const. = 24dB

AT (dB
40 AT{B)
30
20
ASO

10

dG1 +dG2 (dB)
0 10 20 30 40 50

o LG (@8)

10 \. GO

-20

20 dG1 + dG2 (dB)
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TEA7540 APPLICATIONNOTE

IIl - LOOP GAIN PRINCIPLE (see also section V.2) (continued)
Figure 13 : Example 2. ASO = 37dB with the const. = 31dB
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Figure 14 : Example 3. ASO = 50dB with the const. = 44dB
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111.3 - Volume Control

The receive channel contains a volume control
which is active only in receive mode. TEA7540
attenuatorcontrolunitadjuststhe attenuationsinthe
transmit and receive channels so that the overall
loopgain remains constant.Inthereceive mode any
additionalattenuationAVOL added (or substracted)
in the Rx channel is compensated by an equal
attenuationsubstracted (or added) in Tx channel.

In the transmit mode, however, the attenuation AT
remainsfixed at0dB andvariationsin AR are hence

12/44
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not compensated. The loop gain remains < 0dB
because the stability (see rules in section 111.1) is
guarantedwith the volume control attenuatorset to
the minimum value (AVOL = 0dB). In the receive
mode the rules for AT and AR become:

AR = 0dB + AVOL
AT=AS-AVOL

An external potentiometer connected to the Pin 23
fixes the value of the attenuation of the volume
controlcircuit (AVOL)intherangefrom 0dB to 33dB.
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TEA7540 APPLICATION NOTE

Il - LOOP GAIN PRINCIPLE (see also section V.2) (continued)

I11.4 - Tx/Rx Switching Control
I11.4.1 - The IDLE/Transmit/Receive
Comparator Principle (see section 1V.1.3)

Animportantfunctionalrequirementfor aHandsfree
telephone system relates to the switching between
idle, transmit, and receive modes.

This switching should respond rapidly to the sud-
den increase of signal which occurs with the onset
of speech, without reacting improperly to the brief
periods of interword silence which occur in normal
connected speech.

The associated control is effected by comparing the
amplitudes of the signals produced by the two com-
pressor/amplifier units for the receive and transmit
channels. For each channel,twosignals arederived,
thefirstbeing proportionalto the peakamplitude,and
the second to the mean-squared amplitude, of the
signal produced at the compressor output.

The peak amplitude signal, VPEAK, produced by a
fast-acting (short time-constant) detector circuit
gives a measurement of the speech signal with its
burst nature. The mean-squared amplitude signal,
VNoIsg, produced by a long time-constant circuit,
gives a measure of the noise signal which is of an
essentially constant nature.

The role of the comparator circuit is to recognize the
channel in which a burst-type (speech) signal first
occurs. A hysteresis component (attenuator)is then
switchedintothe oppositechannelto effectivelyraise
the threshold of the quiscent (dominated) channel
with respect to the active (dominating) channel.

I11.4.2 - The Selection of The Hysteresis Value

Simplifying Assumptions

a) We will consider the case where the noise
components in both channels are zero.
In practice the comparison circuit works with
respectto the differencesignal, Vpeak - VNOISE.
To cater for this case, the Hysteresis value may
be increased beyond 6dB by externalmeans at
the disposal of the designer as appropriate to
the needs of his particular application.
This is achieved by connecting external
resistances between Pin 6 and Earth (Rx
channel hysteresis).
The user has been offered this option as a
preferable alternativeto a built-in largerinternal
hysteresis, since it allows him to tailor circuit
performance closely to the needs of his
particular application.
By way of example, this facility enables a quasi
full-duplex mode to be realized since both the
overall loop attenuationand also the individual
hysteresis values may be held at the minimum
possible values.

‘ SGS-THOMSO!
YT VICRGELECTRONIGS

The completely individual flexibility offered by the
SGS-THOMSON chip-set enablesthe designerto
produceeconomical, viabledesignstocoverawide
number of cases, e.g. analog telephone systems
with loop current power supplies, digital telephone
systemswith extremely high sidetonerejectionand
high loudspeaker efficiences, or long-line systems
with low loudspeaker efficiency. All of these
examplesmay be satisfactorily"tuned” by external
adjustment of the Hysteresis values.

The value of the external resistor (R5 or R6)
requiredto fine tune the hysteresisvalue forany
particular application may be chosen using the
following table as a guide.

HYT = 6dB + Hot, HYR = 6dB + Hor

R Pin5-R Pin 6 H o1 - Hor
M 0dB
14K 3dB
5.6K 6dB
3.3K 9dB
2.3K 12dB

b) becauseof the essentialsymmetry of the Txand
Rx channels we will consider only the case of
the Tx dominant mode, identical conditions of
operation occuring for the Rx dominant mode.

1 - Normal Operating Mode (Figure 15)

Inthe normal operationalmode the input signal in the
dominating channel (Tx) is assumed to lie within the
dynamic operating range of the compressor amplifier,
and hence the compressor output voltage is 100mV,
independentlyof the actual signalinput.

In this case with compressor outputsin both chan-
nels of 100mV, a Hysteresis value of 6dB in the
dominated channel (Rx)will produce a good margin
undesired speech chopping produced by improp-
erly mode switches.

Accordingly SGS-THOMSON has placed a fixed
value of 6dB in the circuit.

2 - Abnormal Range of Operation (Figure 16)

This case relates to the situation where the input

signal is beyond (below) the dynamic operating

range of the compressor and the Tx compressor
outputis lessthan the normalvalue of 100mV. This
may arise in two cases:

a) Thereis relativelylarge separationbetween the
sender’s mouth and the Handsfree system
microphone.

b) In the intersyllabe and interword periods of
silence in normal connected speech.

In a typical example, with a dominant channel
output of 50mV a hysteresis value of 6dB may be
not adequate.

N 13/44




TEA7540 APPLICATIONNOTE

Il - LOOP GAIN PRINCIPLE (see also section V.2) (continued)
Figure 15
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.5 - Timer ternal capacitor is charged/discharged via the ex-

The timer in Figure 17 is designed to allow rapid
transitions to the Transmit or Receive modes from
any operating mode (Transmit/Receive/ldle), and
relatively slow transitions to the Idle mode from
either transmit or receive mode.

The rapid transition to one of the active modes,
transmitor receive, is required in order to avoid the
loss of the beginning of a segment of speech. This
is accomplished by the timer providing, as appro-
priate, a charge/discharge current to the external
capacitor (t = CV/I).

The slowtransition is required to avoid switch in the
idle mode in the short periods of silence between
individual spokenwords. In the Idle mode thetimer
provides no charge/discharge current, and the ex-
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ternal resistor with an effective time constant of
about 1 second (t = 2.2 RC).

Figure 17 : Timer Simplified Schematic
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TEA7540 APPLICATION NOTE

IV - CIRCUIT DESCRIPTION

IV.1 - Main Functional Blocks
IV.1.1- Signal Compressors

The signal compressors are managed by the cir-
cuitry shown in Figure 18.

The microphone input signal plus the transmit
channelinput noise are amplified by a variablegain
AGC amplifier (labelled compressor in Figure 16)
to yield an output signal with a mean envelope
amplitude of 100mVpp. The peak detector and
noise/speechcomparator are used to compare the
noise/speechamplitude to a reference DC voltage
of 100mV, and to generate a difference voltage
which controls the switch labelled K in Figure 16.
The position of switch K controls the discharge or
charge of external capacitor C10 by currents of
100pA or 1.25pA respectively. The integrated volt-
age developed across C10 is amplified by the V/I
converterand producesan AGC voltage to rapidly
(typically within 22ms) decrease the compressor
gain, and to slowly (typically within 1.8s) increase
the compressor gain (see section 1V.1).

The AGC system has hence a dynamic response
which reacts quickly to the increase of amplitude at
the beginning of each word, but decays slowly at
the end of a word. This feature preventsthe system
from increasing the gain, and hence noise-level, in
the periods of silence between successive words
in a passage of connected speech. Without this
feature, the variations of noise level which could
occurwithin a passage of connected speechwould
be extremely disagreeable to the listener.

The behaviour of a disabled compressor is de-
scribe in section 11.5.3.

The compressor of inactive part holds its previous
gain and the capacitor (C9 in Tx path, C10 in Rx
path)is disconnectedfromthe currentsources. The
voltagedecreasing (Pin 8 Txor Pin 20 Rx) depends
on the quality of the capacitor. Use a capacitorwith
as low leakage current as possible.

1V.1.2 - Peak Detector and Noise Monitors

The circuit of Figure 19 shows the method of gen-
eration of two signals, VTx and VNTx (or VRx and
VNRX). Signal VTx representsthe envelope ampli-
tude of the combined noise and useful signal at the
compressor output, whereas VNTX represents the
envelope amplitude of the noise component only.
Hence if VTx = VNTx the compressor output is a
noise output solely (no transmit signal present).
However, if VTx> VNTxthe transmit channel com-
pressoroutputcontains a useful signal component,
either speech or dialling tone.

Output VTX is equal to the voltage across capacitor
C12 which may either be charged rapidly by a current

‘ SGS-THOMSO!
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of 20pAif transistor T1 is cut off, or discharged slowly
viaR1whentransistor T1isdrivenintosaturation. The
output of comparator amplifier A1 is used to drive T1
into cut-offwhenthe instantaneouscompressoroutput
isgreaterthanVTx anddrives T1 into saturationwhen
the compressor output falls below the value of VTx.
HenceVTxisavoltagethatrapidlyfollowsanyincrease
of the compressor’s noise plus signal output and fol-
lows any decrease ofthat outputwith an time constant
fixed by the external R1 C1 values (typically 100ms).

The signal VTxwill hence contain a long-term steady-
state componentequivalentto backgroundnoise, plus
shornt-termtransient (burst) componentswhich follows
thevariations of amplitude dueto speechsignalsinthe
compressor output. These latest componentsmay be
eliminated by the similar circuitcomprising T2,A2,and
timing componentsR8 and C11. These timing compo-
nents define a much longer time-constant of approxi-
mately 10s resulting in an output VNTX which
effectively contains only the long-term components of
the compressor amplifier output.

The additionalcomponentscomprising the compa-
rator amplifier A3 and transistor T3 limit the maxi-
mum value of VNTxto 36mV. This feature enables
the circuit to identify the case where the useful
signal is a dialling tone. In this case VNTx will be
limited to a value of 36mV whereas VTx will in-
crease to a greater value.

The amplitude relationship, VTx > VNTX, corre-
sponding to the presence of a useful signal com-
ponentin the compressoroutput, is hence satisfied
in this case also.

Figure 18 : Signal Compressors
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TEA7540 APPLICATIONNOTE

IV - CIRCUIT DESCRIPTION (continued)

Figure 19 : Peak Detector and Noise Monitors (see also section 1V.3.3)
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IV.1.3 - Comparators

The comparator circuits in Figure 20 determinethe
specific modes of operation: SPEECH/NOISE and
Transmit/Receive.

If VTx exceeds VTNx by more than 8mV, a useful
signalcomponentis consideredto be presentin the
Transmit channel compressor output.

Similary if VRx exceeds VNRXx by the same margin
asignalcomponentis presentin thereceive channel.

If either or both of these conditionsare true the OR
gate output is driven high (positive logic TRUE
condition) and the SPEECH/NOISE (i.e.
SPEECH/NOISE mode) output is set to 1.

Idle mode is set when both VSTx and VSRx are
lessthan 8mV.

The transmit/receive mode signal output is deter-
mined by a comparison of the transmit channel
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signal VSTx=VTx- VNTxwith the receive channel
signal VSRx = VRX - VNRX.

Before this comparison the voltage representing
the useful signal in the dominated channel is at-
tenuated by either HYT (transmit channel) or HYR
(receive channel), whereas the signal in the domi-
nating channel is passed to the comparator input
without attenuation (i.e. HYT = 0dB for Tx domi-
nant ; HYR = 0dB for Rx dominant).

The status of TEA7540IC’s can be resume by the
following true table :

Noise/Speech Transmit Comparator | 1 | X[1 (0|0
Noise/Speech Receive Comparator | X |1[(0[1]0
Transmit/Receive Comparator 1{0f1]0|X
TEA7540 Status TIR|T|R]| I

T : Transmit
R : Receive
I Idle

AN372-19 EPS



TEA7540 APPLICATION NOTE

IV - CIRCUIT DESCRIPTION (continued)
Figure 20

Noise/Speech ~ Comparator
Transmit VSTx = VTx - VNTX /6 — VTx
_ — VNTx
Speech/Noise 1R \
8mV
* Noise/Speech c
Receive Omparator
TIMER VSRx=VRx-WNRx | .~} VRx
(TEA7540 oL VNR
STATUS) LR Nl X
$ 8mV
RS o
Transmit/Receive HYT* [ ]
Comparator
VT VSTx
VR * VSRXx
_ R6
* HYT = 6dB+HOT " N
* HYT = 6dB+HOR nyreH-e T HR

1V.1.4 - Attenuation Control

The organization of the Attenuation control circuitry
is shownin Figure 21. As describedin sectionslil.1
and 111.2.

the attenuation is required to control the transmit
and receive channel attenuators, At and Ar , in
function of operating mode, the compressor ampli-
fiergains, and the Receive channel volume control
setting.

In transmit mode we have zero attenuation in the
Transmit channel, At =0, and hence:

Ar =AS0O-dG1- dG2

In Receive mode we have zero attenuation in the
Receive channel,Ar =0, and hence:

At =AS0-dG1-dG2

In Idle mode, the attenuation is shared equally
between the two channels and hence :
Ar = AT = AS/2=(ASO - dG1 - dG2)/2

The controller block in Figure 21 develops the
required outputs to control At and Ar, in terms of
the AGCinputsdG1 anddG2 (which dependonthe
compressor amplifier gains), the mode control sig-
nals, the receive channel volume control setting,
the maximum value of total attenuationASO (deter-
mined by the externalresistor) and the Timeroutput
voltage, VTim.

The timeris required to control the speed of transi-
tion between idle, transmit, and receive modes.

‘ SGS-THOMSO!
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The transition into transmitor receive (i.e. speech)
mode must be quick enough in order not to miss
the beginning of a segment of speech. Transition
from transmit or receive mode to the Idle mode
must be slow in order to avoid an increase of noise
level between successive words of a continuous
passage of speech.

These changes have an appropriate time constant
by discharging the capacitor C9 by acurrent of
50pA or by charging the same capacitor through
the resistor R7 in Figure 21. This selection is con-
trolled by the timer circuit by setting the switch K.

The timing diagram of Figure 22 illustrates the
dynamicresponse of the attenuatorvalues, At and
AR, inthe two cases of a transitionbetween Rx and
Tx and of transition from Rx mode to Idle mode.

IV.1.5 - Noise Threshold Hysteresis

Figure 23 shows the noise threshold hysteresis
circuit which affects the dynamic response for
changes from an active mode to the Idle mode (the
parameters of this circuit are definied internally and
are not programmable by external components.

This circuitinserts additional attenuation into either
VSTx or VSRX, according to the appropriate oper-
ating mode.

This attenuation acts in conjunction with the timer
signals to slightly delay any change from an active
to the idle mode and leads to an optimization of the
dynamic response of the system.

17/44
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TEA7540 APPLICATIONNOTE

IV - CIRCUIT DESCRIPTION (continued)
Figure 21 : AttenuationControl
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Figure 22 : Transmition Diagram among Tx-RX, IDLE mode (see also section IV.3)
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TEA7540 APPLICATION NOTE

IV - CIRCUIT DESCRIPTION (continued)
IV.1.6 - Chip Select Circuitry

Figure 24 illustrates, conceptually, the functions of
the two transmit and the receive channelsand their
control by means of the external switch CS. There
are basically two operating modes :

a) CS = ON: Handsfree Mode.
In this mode the handset microphone pre-amplifier
is inactive and the two handsfree channels of
TEA7540,transmitand receive, are bothactive.
b) CS = OFF: Monitoring Mode.
In this mode the transmit compressor is
inactive and the pre-amplifiers A is active
with a fixed gain of 20dB. The voltage of the
timer is forced to Vrer - 220mV and so the
attenuation control block see 0dB on Rx
attenuator(AR).

Figure 24 : Chip Select Circuitry

The DC supply required by the micro-phone pre-
amplifier may be provided by a separate power
supply, e.g. the one available in the dialling circuit.
In this case of the power supply requirements are
so small that the pre-amplifier is active, and the
handset must be kept active, even under the worst
conditions of low available supply current due to
long-line connections.

In the monitoring mode the automatic control of the
compressor amplifier in the receive channel is in-
operative.

The gain of this compressor may however be ad-
justed by selection of a suitable value of the exter-
nal resistance Rcs (R45) connectedbetween Pin 2
and Pin 28.
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TEA7540 APPLICATIONNOTE

IV - CIRCUIT DESCRIPTION (continued)

IV.2 - Pin Description

No Pin Description
1 GND Ground
2 CS Chip Select
3 OUTE Transmit Attenuator Output
4 ATTE Transmit Attenuator Input
5 HYSTE Transmit Hysteresis
6 HYSTR Receive Hysteresis
7 TIM Timer
8 CCE Transmit Compressor Time Constant
9 CE3 Transmit Background Noise Memorization
10 CE2 Transmit Peak Detector
11 CEl Transmit Rectifier Input
12 MICOUT Transmit Compressor Output
13 INE Transmit Compressor Input
14 VREF Reference Voltage
15 INR Receive Compressor Input
16 RECOUT Receive Compressor Output
17 CR1 Receive Rectifier Input
18 CR2 Receive Peak Detector
19 CR3 Receive Background Noise Memorization
20 CCR Receive Compressor Time Constant
21 AMP2 Microphone Pre-amplifier Input
22 AMP1 Microphone Pre-amplifier Supply
23 VOL Volume Control
24 ATR Attenuator Control
25 ATTR Receive Attenuator Input
26 OUTR Receive Attenuator Output
27 IREF Reference Current
28 V+ Power Supply Input
20/44
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TEA7540 APPLICATION NOTE

IV - CIRCUIT DESCRIPTION (continued)

IV.3 - Block Diagram

Figure 25
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TEA7540 APPLICATIONNOTE

IV - CIRCUIT DESCRIPTION (continued)
IV.4 - Functional Description of the Pin Allocation
Pin1 : Ground

Pin 2 : Chip Select (see section IV.1.6)

There are two possibilities to force the system in
monitoring or hands-free modes :
a) By an external switch (see Figure 26)
When the Pin 2 is connected to GND (switch
close) the system is set in hands-free mode
(Veinz = OV).
When the PIN 2 is floating the system is set in
monitoring (VeiN2 = Vcc -400mV). In this way
thereceive amplifieris settoits maximumvalue.
It's possible to connect Pin 2 with Pin 28 (supply
voltage) by a resistor to program the gain of the
receive amplifier how the Figure 26 shows.
This resistor programs an internal bias current
(I = 400mV/R) for the amplifier.
b) By external command (uP)(see Figure 26)
It depends on the output stage of the gates.
1) Open collector
ton = Hands-free mode, OV < Vpin2 < VREF
torr = Monitoring mode, Vpin2 = Ve - 400mV
2) Totem pole
The pin 2 must be connected by an diode in
order to not force different source as Fig.
Ato GND = Hands-free mode
Ato 5V = Monitoring mode
The thresholds are the same of the previous
case R programs the amplification the
suggestedvalue is > 20kQ.

Pin 3 : Transmit Attenuator Output

This pin is the output pin for the transmit channel
on the hands-free mode (output transmit attenu-
ator) and in monitoring mode (output of transmit
amplifier). Output current 15pA.

Pin 4 : Transmit Attenuator Input

This pin is normally connected to the transmit
compressor output (Pin 12) through a capacitor
(CE1) in order to provide a high pass filter. Input
impedance 10kQ.

22/44

Figure 26 :  Modes by which the monitory mode
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Pin 5 : Transmit Hysteresis (see section 111.4.3.b)
The hysteresisis insertedin the transmithysteresis
block HYT when TEA7540 is in receive mode. It is
programmable by an external resistor as in the
following table :

R Pin5 HoTt
1.0M 0dB
14.0K 3dB
5.6K 6dB
3.3K 9dB
2.3K 12dB

AN372-25.EPS



TEA7540 APPLICATION NOTE

IV - CIRCUIT DESCRIPTION (continued)

Pin 6 : Receive Hysteresis (see section I1.4.2.a)
This hysteresisis insertedin the receive hysteresis
block HYR when TEA7540 is in transmit mode. It
is programmable by an external resistor as in the
following table :

R Pin6 Hor
1.0M 0dB
14.0K 3dB
5.6K 6dB
3.3K 9dB
2.3K 12dB

Pin 7 : Timer

This pin provides information on the state of opera-
tionand assumesthree values (see sectionV.1.4).
- VRer + 220mV for transmit mode,

- VREF - 220mV for receive mode,

- Vrer for idle mode.

The switching time constants from Idle to transmit
(or receive) are externally programmed by an RC
network. The output current at this pinis | = 50pA :
see Figure 27.

Figure 27
. Tx
Mode =~ Ve, + 220V
]
IDLE -{ Veer
S Vs - 220V

The voltage transition (V1) at Pin 7 is 220mV from
idle to transmit (or receive) and the time constant
is t1 (recommended value : t1 = 2.2ms)

The voltage transition (V2) from receive (or trans-
mit) to transmit (or receive) modes is V2 = 2 [V1
the correspondently time constant is t2 = 2 [Ot1
(recommended value : t2 = 4.4ms).

From transmit (or receive) to lidle modesiis :

This time is longer and controlled by the discharge
of capacitor C via the parallel connected resistor.

t3=2.2 [R OC (recommended value: t3 = 800ms).

Pin 8 : CCE Transmit Compressor Time Constant
The capacitor connected to this pin controls the
rate at which the transmit compressor adapts its
gain so as to maintain an output voltage level of
200mV peak-to-peak (see section 111.4.1).

Therefore the ratio between the time constants is
internally fixed at a value of 80. The output current

AN372-26 EPS
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during the increment gain phase 11 = 1.25pA and
during the decrement gain phase is 12 = 100pA.

These current sources are used to charge and
discharge the external capacitor with the voltage
range of 220mV when the incoming signal is de-
creasing the gain increases with a charge time T1
equalto :

T1 = (VICT)/I11 (recommended value 1.8s)
(where V =0.22V, 11 = 1.25pA, and C = 10uF)
when the incoming signal is increasing the gain

decreases with a discharge time T2 equal to :
T2 =T1/80 (recommended value 22ms)

Pin 9 : CE3 Transmit Background Noise

Thisis used to extractthe amplitude of thetransmit
channelbackgroundnoise signal. The components
connectedto this pin determine the transmit chan-
nel backgroundnoise detector rise time. The maxi-
mum voltage drop on the external capacitor is
internally clamped at 36mV.
- The rise time is defined by :
tr = (36E-3[CR)/(Vcc/2)
(recommended value : tr =9.25)
- The decay time is the same as the decay time of
the peak detector signal (Pin 10) (to = 80ms).

Figure 28

Figure 29

C12
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IV - CIRCUIT DESCRIPTION (continued)

Pin 10 : CE2 Transmit Peak Detector

rise time : This is the time required to charge the
capacitor C to the maximum value of the ampli-
tude of the compressor output voltage
(100mVpp).

tr = (CV)/I = C510°

(recommended value : tr =2.3ms)

- decay time : This is the time for the discharge of
the capacitor C in the resistor R.

tp = 2.2[R[C (recommended value : tp = 80ms)

Pin 11 : CE1 Transmit Rectifier Input

This pin is connected to the Transmit compressor
output by a capacitive coupling (typical value:
100nF). The input impedance = 10kQ.

Note : by connectingin series an external resistor
between Pins 12 and 11 it is possible to increase
the output voltage of the compressor within the
range of its dynamic.

Pin 12 : MICOUT Transmit Compressor Output
The maximum output currentis 254A By an exter-
nal resistor connected between this pin and GND
it is possible to increase the threshold of no dis-
torted signal due to :

V g
REF Hek
O

O
VouT(mVpp) = 025pA + R

0 EXT
Pin 13 : INE Transmit Compressor Input

Thegain variationis adjustedaccording to the input
signal amplitude

- the gain is between 25 and 41.5dB.

- the compressor output voltage is 200mVpp.

- the input impedance is 10kQ.

Hence the input signal voltage range can be calcu-
lated to be between 1.7mVpp and 11.2mVpp.

Pin 14 : Reference Voltage

VRer = Vcc/2.

The decoupling capacitor is typically 100uF.

Pin 15 : INR Receive Compressor Input

- the gain is between 16dB and 36.5dB.
- the compressor output voltage is 200mVpp.
- the input impedance is 10kQ.

Hence the inputsignal voltage can be calculated to
be between 3mV and 32mV.
Pin 16 : RECOUT Receive Compressor Output

This output drives the Receive rectifier and the
Receive attenuator input. The maximum output

24144
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current is 25pA. It's possible to increase the no
distorted output signal (see Pin 12).

Pin 17 : CR1 Receive Rectifier Input

The input impedance is 10kQ. This input is con-
nected to the Receive compressor output by a
capacitor coupling (typical value : 100nF).

Note : by connectingin series a resistor between
this pin and Pin 16 it is possible to increase the
output level of the compressor within its dynamic
(like Pin 11).

Pin 18 : CR2 Receive Peak Detector

The rise and decay times are determined by the
samerules ofthe Tx peakdetectoranddependson:
- a 20mAinternal source current,

- an external capacitor,

- an external resistor,

- the compresor output voltage.

The suggested value of rise time is tr = 11ms and
decay time equal to 145ms (C = 22uF, R = 30kQ).

Pin 19 : CR3 Receive Background Noise Memorization

The components connected to this pin determine
the Receive backgroundnoise rise time. The maxi-
mum voltage drop across the external capacitor is
also internally clamped to 36mV (see Pin 9).
- the rise time is given by:
tr = (36E-3[CR)/(Vcc/2)
(recommended value : tr = 9.25).
- The decay time of this signal is the same as the
decay time of the receive peak detector signal
(to = 145ms).

Pin 20 : CCR Receive Compressor
Time Constant Control

Thisfunctionis based on the same principle as that
explianed previously with respect to Pin 8 for the
Transmit Compressor.

Pin 21 : AMPZ2 Handset Microphone
Pre-amplifier Input

This pre-amplifier is enabled in the monitoring
mode (Pin 2 connectedto Pin 28 through an exter-
nal resistor). It enables the hands-set microphone
to be used without an external analog switch. The
gain is 20dB so as to be compatible with the
required output voltage and the associated input
impedanceis 50kQ. The output of the pre-amplifier
is internally connected to the transmit attenuator
output.
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IV - CIRCUIT DESCRIPTION (continued)

Pin 22 : AMP1 Microphone Pre-amplifier Supply
(see section 111.1.6)

This supply has been separated from the main
supply (Pin28) to enable it to be supplied by an-
other source (i.e. the same of the dialling circuit) in
order to save as much as possible supply current
in hands-free mode.

Pin 23 : VOL ( active only in receive mode )

Using a potentiometer connected to this pin it is
possibleto introducea maximum of 32dB of attenu-
ation in the receive channel.

The following table shows the relationship between
resistance value and attenuation.

R Pin 23 Attenuation
0K 0dB
1K 3.3dB
2K 6.7dB
3K 10.0dB
5K 16.7dB
10K 33.4dB

Pin 24 : ATR attenuation ASO

It should be recalled that this attenuation is fully
introduced into the inactive channel in the Speech
mode, and that an attenuation of A/2 is introduced
into both channelsin the noise (Idle) mode.

As discussed previously (see section Il.1), it is
important, whenimplementing a high quality Hand-
set design, to ensure that the loop gain is as close
as possible to zero dB.

This condition is chosen to avoid the howoling
effect otherwise experienced with full-duplex op-
eration.

The following table shows the relationshipbetween
the resistance value and attenuationvalue, ASO.

R Pin 24 Attenuation
0K 10.4dB
1K 13.2dB
2K 17.0dB
3K 20.3dB
4K 24.3dB
5K 28.4dB
6K 32.5dB
7K 36.4dB
8K 40.2dB
9K 44.3dB
10K 48.0dB
11K 52.0dB

" SGS-THOM
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Typically, for classical coupling efficiencies, the
circuit can operate with a programmed attenuation
ASO equal to 45dB.

Pin 25 : ATTR Receive Attenuator Input

This input is normally connected to the Receive
compressor output by a capacitive coupling. It is
useful to choose this capacitor value to perform a
high pass filter with its input impedance (10kQ) so
as to reduce the input noise.

Pin 26 : OUTR Receive Attenuator Output

The output voltage is 200 mVpp when the incoming
signal is in the compressing range. This pin is
connected to the loudspeaker amplifier input. Its
maximum output current is 60pA.

Pin 27 : IREF External Resistor

The external resistor connected to this pin enables
the bias current source of the circuit to be adjusted.
A typical value for this componentis 3.57kQ.

Pin 28 : VCC Positive Supply Voltage

The minimum working voltage is 2.5V for a current
consumption of 2.3mA, and hence line-powered
applications can be achieved. This supply can be
typically provided by the speech circuit inthe same
way as the loudspeaker amplifier.
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V - INFLUENCE OF THE EXTERNAL COMPONENTS

V.1 - Gain and Dynamic of Tx Compressor
V.1.1 - Gain And Dynamic of Tx Compressor

Gain
- Pin 13 is the output of Tx compressor.
- Pin 12 is the output of the Tx compressor.

The chip is setin the hands-free mode

Note: The figure shows the minimum and the
maximum value of the gain. The typical
range between valuesis about 17dB.

Dynamic

This particularbehaviourallows to compensatethe
distance between the speaker and hands-free mi-
crophone from 0.5 meters to 3 meters.

We can divide the dynamic curve (Figure 31) in
three areas :

1) The first area shows a linear increase of output
signal according to the increase of input signal.
The AGC of the compressorin this region is not
active. The gain is maximum (see also
Figure 30).

2) The secondarea is characterized by a constant
output level and in this region the AGC of the
compressor is active, its output is kept at
200mVpep. The gain is changing from the
maximum to the minimum value (see also
Figure 30).

3) The third part shows again an increase of the
ouput level and in this part the AGC of the
compressor is no more active. The gain is now
minimum (see also Figure 30).

Note: The figure shows that within 0.9 and
5.7mVrms the compressor keeps the
output level constant and about equal to
220mVpp.

If we apply a modulated signal at the input of the
microphone we can see the particular behaviour
shownin Figure 32.

As the input signal is increasing the compressor
output follows it lineary up to the AGC threshold
(0.9mVRrwms), then the output is maintained at con-
stant value (200mVpp).

When the input signal is higher than 5mVgwms the
output signal starts to increase.

For outputsignal higherthan250mVpp its distortion
increases, by an external resistor between Pin 12
to GND it is possible to increase this thereshold up
to 400mVep (100k).
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V.1.2 - Gain and Dynamic Of Rx Compressor

For this analysis we have to consider as the meas-
urement pins :

- Pin15 as input of Rx compressor,

- Pin 26 as output of Rx compressor.

Previouscomments are still truth. The only different
characteristic is the value of the dynamic range,
20dB in this case.

We can divide the dynamic curve (Figure 34) in

three areas:

1) The firstarea shows a linear increase of output
signal according to the increase of input signal.
The compressorin this region is not active. The
gain is maximum (see also Figure 33)

2) The secondareais characterizedby a constant
output level and in this region the compressor
is active, its output is kept at 200mVpp.

The gain is changing from the maximum to the
minimum value (see also Figure 33).

3) The third part shows again an increase of the
ouput level and in this part the AGC of
compressor is no more active. The gain is now
minimum (see also Figure 33).

If we apply a modulated signal at the input of the
compressor we can see the particular behaviour
shown in Figure 35.

Asthe inputsignalisincreasingthe compressoroutput
follows it lineary up to the AGC threshold (ImVrwms),
then the output is maintained at constant value
(200mVep). When the input signal is higher than
11mVRms the output signal starts to increase. For
output signal higher than 250mVpp its distortion in-
creases, but by an extermnal resistor between Pin 16
and GND it is possible to increase this thereshold up
to 400mVpep (by 100k). By another external resistor
between Pins 16 and 17 it is possible to increase the
output levelwithin the range of the dynamic.

Finally the Figure 35 shows the output of Rx com-
pressor with a modulated signal in the input of
compressor. This behaviour assures a compensa-
tion of the line losses.

Note : The gain is fixed internally

In orderto clarify the utility of these compressorswe
cansaythatthesecompressorsworkwith maximum
gain when the level of input signal is low and add a
variable attenuation (dG), up to reach minimum
gain, when the level of the output signal is high.

This value of attenuationis animportantparameter
for a correct behaviour of hands-free system as
you'll see later when we'll speak about attenuators.
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)
Figure 31: Dynamic of Tx Compressor

Figure 30 : Gain of Tx Compressor
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Figure 32 : Dynamic of Tx Compressor
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trace 1 :

modulated Tx compressor input (Pin 13)
3mV/div, T = 2s

trace 2 :

27144

AN372-30.EPS

AN372-31.TIF



TEA7540 APPLICATIONNOTE

V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

Figure 33 : Gain of Rx Compressor Figure 34 : Dynamic Rx Compressor
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Figure 35 : Dynamic of Rx Compressor

141 4 trace 1l :
Input RX compressor
18mV/div, T = 2s

trace 2:

output of Rx compressor (Pin 17)
50mV/div, T = 2s

(Rext Pin 16 to GND = 100K)
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TEA7540 APPLICATION NOTE

V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

V.1.3- Tx/ Rx Gain in Handset Mode

This system can switch in handset mode by a chip
select switch at Pin 2.

Tx path

In this case the measurement points are :

- Pin 21 as input of the microphone in handset
mode,

- Pin 3 as output of the transmit path.

The following figure shows the gain of transmit
preamplifier in handset mode. In this operating
mode the Tx compressor is completely disabled
and the microphone input signal is amplified by a
constantvalue.

Note : It's not possible to change externally this
value (see Figure 36) .

Rx path

In handset mode the pins of receiving path are the
same of the hands-free case, that is, Pins 15 and
26 respectively as inputand as output of the signal.
In this operating mode the compressor doesn’t
worklike beforebutits gainis keptat constantvalue
indipendently of the input signal.

This constantvalue can be changedexternally with
a resistor connects between Pin 2 and Pin 28.

The Figures 36-37 show three differentbehaviours
of the Rx gain with three different values of the
external resistor.

This resistor doesn't affect the Tx gain.

V.2 - Attenuation and Volume Control
V.2.1 - Programmable Attenuation
on the paths (AS)

Refering to the block diagram (see also sec-
tion 111.2) both channel have an attenuationblock
after the compressors, At for Tx path and Ar for Rx
path. These blocks are controlledby an attenuation
control block that manages the correct value of an
attenuationto insert in them.

There are three factors that affects this value, that

istosay :

- The external resistor (Pin 24) that establishes a
particular value of attenuation ASO when the
gains of the compressors are at the maximum
value (see also section Il1.2).

- The value of the attenuation introduced by the
comporessorswhen are not working at maximum
gain (see also section 111.1).

- The external potentiometer that manages the
volume control in Rx path.

- The operatingmodes (Tx,Rxor Idle) that manage
how to share the total attenuationAS betweenthe
At and Ar blocks.

‘ SGS-THOMSON
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Taking in account these factors the conditions of

the measurement the figure shows are :

Set up condition

a) Gain of the compressors G1 and G2 at the
maximum value (attenuationdG1 = dG2 =0dB).

b) Operatingmodeis hands-freereceiving. Inthisway
the attenuatoractive is only the transmittingone. In
fact like we have said before (see also sectionI11.1)
whenthe systemisin Rx mode, Ar =0dB and vice
versawhenit's in Txmode At =0dB.

¢) Volumeis at maximum value in Figure 38 and it
is at its minimum Figure 39 in order to
demonstrated its influence on the attenuation.

d) The extemal resistor, connected between Pin 24
and GND, is equal to 7.4kQ in Figures 38 - 39 and
it is equal zero in Figure 40 in order to insert two
differentvalues of attenuations ASO (see Table 1).

Figure 36 : Gain of Tx Amplifier in Handset Mode
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Figure 37 : Gains of Rx Compressor in Handset
Mode
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

Rx Path

The Figures 38 and 39 show that when the volume
control circuit adds attenuation in the Rx path
(vol = min. Figure 39) the attenuation inserted in
the Tx path decreases (see traces 2;4).

Note : Rext (Pin 24) = 7.4kQ ; Volume max.

The Figure 38 and 40 showthat when the external
resistor programs a lower value of ASO (Figure 40)
the Tx attenuator At is reduced and this not affect
the Rx attenuation (Ar = 0dB).

The figures show three different operating states::
- It's possible to note that the input signal of Rx

Figure 38

attenuation(Pin 25) is the same of the outputone
(Pin 26) while the output signal (Pin 3) of Tx
attenuatoris attenuated(see the table) respectto
the input signal (Pin 4).

- The value of the attenuation introduced on Tx
path is reduced when RAS, connected from Pin
24 to gnd, is a short circuit (see table).

Note: Rext (Pin 24) = Short Circuit Volume max.

The value of the attenuationintroduced on Tx path
is again reduced whenthe volume hasits minimum
value (potentiometerat Pin 23).

T T T e

il

; trace 1 :
i Input of Tx attenuator (Pin 4)

100mV/div, T = 10ms

trace 2 :

Output of Tx attenuator (Pin 3)
100mV/div, T = 10ms
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trace 3 :
N1 input of Rx attenuator (Pin 25)

100mV/div, T = 10ms

trace 4 :

output of Rx attenuator (Pin 26)
100mV/div, T = 10ms

VoL max ASO = 37dB
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

Figure 39
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trace 1 :
Input of Tx attenuator (Pin 4)
100mV/div, T = 10ms

trace 2 :
Output of Tx attenuator (Pin 3)
100mV/div, T = 10ms

trace 3 :
Input of Rx attenuator (Pin 25)
100mV/div, T = 10ms

trace 4 :

Output of Rx attenuator (Pin 26)
100mV/div, T = 10ms

(VoL min ASO = 37dB)
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

Figure 40
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trace 1 :
input of Tx attenuator (Pin 4)
100mV/div, T = 10ms

trace 2 :
output of Tx attenuator (Pin 3)
100mV/div, T = 10ms

trace 3 :
input of Rx attenuator (Pin 25)
100mV/div, T = 10ms

trace 4 :

output of Rx attenuator (Pin 26)
100mV/div, T = 10ms

(VoL max ASO = 0dB)
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

V.2.2 - Programmable Attenuation of the Tx/Rx
Hysteresis Control Blocks (HYT,HYR)
(see also section 111.4.2)

Refering to the block diagram both channels have
a hysteresis block that manages the speech
threshold for a correct switch of the system.

The measurement points are :

- Pin 11 as output of Tx compressor

- Pin 17 as output of Rx compressor

- Pin 7 as the timing to observe the correct transi-
tion from Tx to Rx and vice versa

There are two factors which influence this behav-

iour, that is to say :

- Operatingmode (Tx or Rx) because in function of
the status the correspondent hysteresis block is
disabled (see also section 111.4.3)

- External resistors at Pin 6 for receiving path and
at Pin 5 for transmitting path that establishesthe
value (HO) to add to default one (- 6dB) (see also
section 111.4.3)

In fact the final value of the attenuation, that the
hysteresis block of the inactive part inserts, de-
pends on these parameters as the general rule
shows :

HYS =HO + 6dB
The Figure 41 shows how this block acts on the
switch of the system. The HO value was set to 0dB
bothfor Tx and Rx paths. In factwe have the switch

when the signals are each other different about
6dB.

Depending on the part we wish to favour, the

attenuationinserted (HO#0dB) can be changed by
external resistors (at Pin 5 and Pin 6).

V.3 - Rise and Fall Times

V.3.1- Rise and Fall Times of Tx Compressor
(see also section 1V.4)

The value of the time constant depends on the

value of an external capacitor at Pin 8 that is

chargedby aninternal currentsource of 1.25uA(tr)

and discharged by anotherinternal current source

of 100pA (tF)).
The ratio is equal to 80 and so : 80 tr = tr

‘ SGS-THOMSON
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during tr the compressor increases its gain and
viceversa during tr the compressor decreases its
gain in orderto maintain a constant output voltage
level.

The Figure shows a slow rise time and a very fast
fall time, corresponding to the peak of the output
compressor signal trace. From an application point
of view this timing avoids that the compressor
increases its gain quickly when there is only envi-
ronment noise during pauses within spokenwords.

In fact when at the input there is a very low signal
the compressorworks with its maximumgain as we
have said before, such a choice of the time con-
stants avoids an unpleasant fast amplification of
the noise when nobody is speaking.

The external capacitor can increase or decrease
the value of the time constants but not the ratio
between them.

The pins of the measurements are respectively :
- Pin 11 as output of compressor of transmit path
- Pin 8 as pin of time constants of Tx compressor
- Pin 13 as input of compressor of transmit path

The Figure 42 shows the rise time and fall time of
the compressor in transmit path.

No signals are connectedto the receive input dur-
ing the measurements.

V.3.2 - Rise and Fall Time of Rx Compressor

In the same way of the previous analysis it's pos-
sible to investigate the constant time of the Rx
COMpressor.

The philosophy of the design is the same, but the

external capacitoris connectedto Pin 20. The ratio

betweenrise time and fall time is 80 independently

of the value of the capacitor.

The Figures 43 and 44 enphasizedthe fall time and

the rise time with their ratio. In fact it is shown an

expandedtime scale to note as well as possiblethe

fast fall time (Figure 43).

The pins of the measurements are respectively :

- Pin 17 as outputof thecompressorof receive path

- Pin 18 as output of the peak detector of receive
path

33/44




TEA7540 APPLICATIONNOTE

V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)
Figure 41

trace 1 :
4 - Timing pin (Pin 7)
500mV/div, T = 500ms

trace 2 :
output of Tx comparator (Pin 11)
100mV/div T: 500ms

I_‘L,.:q"i;-:f", p =k trace 3 :output of Rx comparator (Pin
Kol L g ¥t ] 17)

100mV/div, T = 500ms

Figure 42

trace 1 :
Time constants of Tx comparator (Pin 8)

trace 2:
Input of Tx comparator (Pin 13)
5mV/div, T = 200ms

trace 3:
Output of Tx comparator (Pin 11)
100mV/div, T =200ms
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)
Figure 43

g
¢4

¥ trace 1:
pedar w Input of Rx comparator (Pin 15)
o i 16mV/div, T = 100ms

trace 2 :
Time constants of Rx comparator (Pin 20)
200mV/div, T = 100ms

trace 3 :
Output of Rx comparator (Pin 17)
100mV/div, T = 100ms

Figure 44
, T S
i e ¥ el - Input of Rx comparator (Pin 15)
" ! ! M R R TR 8mv/div, T = 10ms
kil
'M.{ i il L) : i ‘ LA IRY trace 2 :
I ; I T Output of Rx comparator (Pin 17)
i ‘ 50mV/div, T = 10ms
A A e i s b1 Akt s
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

V.3.3 - Rise and Fall Time of Tx Peak Detector

The measurement points are respectively:

- Pin 10 as output of Tx peak detector,

- Pin 11 as output of Tx compressor.

The constant times are fixed by an external RC
network at Pin 10 as below :

ta = CI—V, tb =2 RC
V =100mVdc fixed internally,

| = 20uA fixed internally, C = 470nF, R = 75kQ.

The input signal has been modulated to obtain a
fastincrease of the outputsignal of the compressor
as the Figures 45-46 show. The Figure 46 enpha-
sized, with an expanded time scale, the rise time.

V.3.4 - Rise and Fall Time of Rx Peak Detector

In the same way of the previous analysis the rise
time and the falltime of Rx peak detectorare shown
in the Figure 47.

The measurement points are respectively:

- Pin 18 as output of Rx peak detector,

- Pin 17 as output of Rx compressor.

The constant times are fixed by an external RC
network at Pin 18 as the rules above.

Also in this case the input signal has been modu-
lated to obtain a fast increase of the output signal
of compressor as the figure shows.

V.3.5 - Delay Time between Tx/Rx and
Idle Mode Transitions

The three general modes of the system (transmit,

36/44
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receive, idle) are managed dependingon the infor-
mation from three comparators that is : (see also
the block diagram)

- Transmit/receive comparator,

- Speech/Noise comparator on the Tx path,

- Speech/Noise comparator on the Rx path.

Depending on the outputs of these blocks the
attenuation block manages the channels attenu-
ations.

The constant times are fixed by an external RC
network at Pin 7 as the rule below.

trise =tr = % and traLL=tr=2.2RC

V =220mVdc fixed internally,

| = 50pA fixed internally, C = 1uF, R = 430kQ.

The Figure 48 shows the transition between Idle to
Tx modes and the Figure 49 from Rx to Idle.

V.3.6 - Delay Time between Tx and Rx Mode
Transitions

The Figure 50 reasumes the behaviour of the tran-
sitions of the system

The measurements points are :

- Pin 7 timing pin

- Pin 17 output of Rx compressor

- Pin 11 output of Tx compressor

The Tx and Rx input signals was choosed in order

to show the Rx to Tx, Tx to Idle and Idle to Rx
transitions.
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

Figure 45
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Figure 46
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trace 1 :
Output of Tx peak detector (Pin 10)

trace 2 :
Output of Tx comparator (Pin 11)

trace 3 :
Output of Tx peak detector (Pin 10)
200mV/div, T = 10ms

trace 4 :
Output of Tx comparator (Pin 11)
100mV/div, T = 10ms
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)
Figure 47

trace 1l :
A S Output Rx peak detector (Pin 18)

100mV/div, T = 200ms

Output of Rx comparator (Pin 17)

200mV/div, T =200ms

Figure 48

"\ trace 1 :

Timing pin. (pin 7)

Tx - IDLE transition
200mV/div, T = 500ms

1 D d

trace 2 :

Nikit mmﬁ“m,}. Output of Tx comparator (Pin 11)

100mV/div, T = 500ms
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E
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V - INFLUENCE OF THE EXTERNAL COMPONENTS (continued)

Figure 49
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Figure 50
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trace 2 :
Timing pin (Pin 7)
Rx - Idle

trace 1:
Output of Tx comparator (Pin 18)
50mV/div, T = 10ms

trace 1 :
Output Tx compressor (Pin 11)

trace 2 :
Output of Rx comparator (Pin 17)
10mV/div, T: 50ms

trace 3 :
Timing pin (Pin 7)
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TEA7540 APPLICATIONNOTE

VI- APPLICATIONS

VI1.1- Hands-free Particular Effects
VI.1.1 - The Larsen Effect

Thiseffectoccursin applicationswhen the acoustic
and sidetone coupling effects are enough to pro-
duce a loop gain greater than unity, resulting in a
"howling effect” in the loudspeaker. Usually the
acoustic coupling from the loudspeaker to the mi-
crophoneis the principal cause of this instability.

To avoid this condition the value of the resistance con-
nectedto Pin 24 has to be increased untilthe instability
disappears,due totheincrease of the ASOvalue.

VI.1.2 - "Chopped Speech” Effect

During a two-way conversation two effects may be
encountered:

- chopping of the received signal,

- chopping of the transmitted signal.

This effect is produced by the loss of parts of a
spoken word due to transitions from one active
mode to the other (transmit to receive, or vice-
versa), caused by incorrect contol of the signals
level in input of the comparators, bearing in mind
the hysteresis effect which controls the speech
level in the not active channel (see section I11.4).
When, in the receive mode, the received signal is
choppedthe effectis due to insufficienthysteresisin
the transmit channel. The level of any speech signal
present in the transmit signal is not sufficiently re-
duced to maintain the dominance of Rx channel. In
this case the level of the programmable attenuation
HoT must be raised, by decreasing the value of the
resistance connected to Pin 5 (see section 111.4.3).
In a similar way when the system is in transmit
mode, if the chopping effect occurs in the transmit
channelthe level of the programmable attenuation,
HOR has to be raised in the receive channel, by
increasing the value of the resistor connected to
Pin 6 (see section 111.4.3). take note an excessive
value of hysteresis can hold up the switching.

VI.1.3 - "Walky-Talky” Effect

Under certain conditions the switching of attenu-
ation between the transmit and receive channels
may produce an unpleasant effect. A sudden ap-
parently total loss of reception each time speech
beginning, produces a half-duplex effect similar to
that obtained with Walky-Talky sets. The basic
cause of this effectis an excessive value of attenu-
ation switched from one channel to the other when
the active mode switches from receive to transmit.
To optimize any particular implementation based
on TEA7540 chip set the following adjutsments
should be made:
- The attenuation ASO should first be adjusted to
have the minimum value necessaryto respectthe
loop gain stability requirement (see section
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VI.1.1). ASO should then be increased by up to a
further 3dB in order to reduce the distortion pro-
duced by the system close to the Larsen Effect
limiting condition.

- The average speech level at the compressor
input should then be adjusted to obtain the half
value of compressing range.

To carry out this adjustment connect an oscillo-
scope probe to both the compressor gain control
inputs, CCE and CCR (Pins 8 and 20 respectively).

Adjust the level of the speech signal inputs to the
compressors such that, for a typical average
speech level, an average level of VRer -110mV is
obtained on Pin 8 and Vrer -50mV is obatained on
Pin 20 of TEA7540.

VI.1.4 - Volume Control Influence

In the receive mode any additional attenuation
added (or sutracted) in the Rx attenuatoris com-
pensated by an equal attenuation subtracted (or
added) in Tx attenuator:

AT =AS0 - dG1- dG2- AVOL (see section ll.1)

In the transmit mode, however, the attenuation AT
remains fixed at 0dB and the attenuation AR is still:
AR =AS0 - dG1-dG2

In resume, the volume control attenuationimprove
the duplex effect only in the receive mode.

VI.1.5- Examples

a) Example 1:
In the following example the attenuation ASO is
45dB. After optimization, the total attenuation
given by the attenuatorsis :

AS = ASO - dG1max/2- dG2max/2
hence: AS =45dB - 8.5dB - 10dB = 26.5dB
Inthis case, the speech signal of the inactive path
is only attenuatedand notlost for thelistener. Take
note, AS is decreasing while the compressorinput
signals is increasing. This is due to dG1 or dG2
increase depending on the operating mode of the
system. The attenuationminimum value of ASis :

AS = ASO - dG1lmax/2- dG2max/2
hence: AS =45dB - 17dB - 20dB = 8dB

b) Example 2:
In the following example the attenuation ASO is
37dB. In this case the attenuators give:
AS =37dB - 8.5dB - 10dB = 18.5dB

and for the speech signal maximum amplitude:

AS =37dB - 17dB - 20dB = 0dB
Therefore, the presence of this "quasi full
duplex” operation provided that the application
is carefully done. This is due to the presence of
the compressor, the steady level of transmit
signal for a distance variation between speaker
and microphone from 0.5metersup to 3meters.
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VI- APPLICATIONS (continued)

Figure 51 : Adjustmentof comparatorinput levels

Vs (Vzo) A
Vrer

Maximum gain (dG1 = dG2 = 0dB)

Veer - 110mV

VREF

R A

VI.2 - Basic Hands-free Telephone Set

Figure 52 : Basic Hands-Free Schematic
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VI- APPLICATIONS (continued)
Table ?? : Component Value (see Figure 52)

Symbol Value Description
C1 100nF coupling and high pass filter
Cc2 47nF coupling and high pass filter
C3 10uF Rx compressor gain rise and decay time
C4 2.2uF Rx peak detector rise and decay time
C5 100nF coupling and high pass filter
C6 33nF coupling and high pass filter
Cc7 100pF power supply decoupling
C8 100uF reference voltage decoupling
(0°] 470nF switching time timer (t1, t2, t3)
C10 10uF Tx compressor gain rise and decay time
Cl1 68uF Tx background noise rise and decay time
C12 470nF Tx peak detector rise and decay time
C13 100uF microphone supply decoupling
Cl4 18nF coupling and high pass filter
C15 68uF Rx background noise rise and decay time
P1 10K Rx channel volume control
R1 3.57K 1%, internal bias current source adjusting
R2 9.1K ASO attenuation
R3 4.7M Rx background noise rise time
R4 30K Rx peak detector decay time
R5 5.6K Tx hysteresis (attenuation)
R6 1M Tx hysteresis (attenuation)
R7 820K Switching time (from speech to idle) timer
R8 4.7M Tx background noise rise time
R9 75K Tx peak detector decay time
R10 2.2K Tx input level adjusting, Hands-free mode
R11 2.2K Tx input level adjusting, Hands-free mode
R12 56K Rx pre-amplifier gain, monitoring mode

VI.3 - Monitoring Mode and Hands-Free Gains Compability
Figure 53 : Interface Components Calculation

~

AN372-52.EPS
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VI- APPLICATIONS (continued)

a) Tx gainin hands-free mode

The transmitcompressor has been designedto
have a steady Tx signal level for a distance
variation between speaker and microphone
from 0.5meter up to 3meters with :

25dB < G1<41.5dB
For this gain range the output signal of
compressor is stabilized at the Vmic =
200mVPP (see section 1V.1.2).
Hence, the input microphone typical signal
range can be calculated easily:

1.7mVpp < V3 < 11.2MmVpp

b) Tx gainin handsetmode
The handset microphone has to provide a
voltage, V2 = Vmic/20dB, in normal acoustic
levels conditions to have the same Tx level on
line than in hands-free mode.
Therefore, the speech stage should be adapted
to the compressor output voltage :
Vmic = 200mVpep
Hence : V2 = 20mVpp
¢) Rx gain
R1 and R2 evaluation: the receive compressor
has been designed to have a steady Rx signal
level such as V4 = 200mVpp : The typical range
of the Rx compressoris :
16dB < G2 < 36.5dB

We can deduce that the input signal range is :

3mVpp < V1 £32mVpp
Let us take one example: for FRANCE the mean
speech line level is equal to about -15dBm
(390mVpp). To optimize an applicationbasedon
TEA7540 chip set, the average speech level at
compressorinput mustbe adjustedto obtainthe
middle value of the compressing range
(see section V.1.3).
Thatistosay: V1 =17.5mVpp
The Rx speech gain is X dB (according to the
country):

20 logio(Ve/VL) = XdB
For FRANCE XdB = -2dB
Hence Ve = 300mVpp
Hence
VEe/V1 = R2/(R2+R1) = 300mVpp/17.5mVpep = 17
We can choose: R1 = 16kQ and Rz = 1kQ
For FRANCE the MF signal specification is :
VL = 84mVpp min.

‘ SGS-THOMSON
YT VICRGELECTRONIGS

This value must be includedin the compressing
range. checking :

VL=84mVpep [0 VE = 66.7MmVpp
hence: V1 = VE/17 = 3.9mVpp
In practice, this signal can be greater. Our
example permits :

V1 =32mVpep O VL =800mVpp

d) Available power for loudspeaker and volume
control
R3 evaluation : for a standard loudspeaker an
average nominal power PLS = 10mW.
Therefore, for each loudspeaker impedance
there is an equivalentvoltage :

Ris Vis
25Q 1.4Vpp
50Q 2.0Vpp
100Q 2.8Vpp
150Q 3.5Vpp

The SGS THOMSON loudspeaker amplifier,
TEA7532, can provide on 50Q of load 25mW maxi-
mum with 3V power supply and 100mW with 5V
power supply.

Now, it iseasy to calculate R3in orderto obtainV.s
from V4 =200mVpp :

R3 =R [ AD.2Vpp/VLs-1]
with R) = 1kQ, 12dB < A< 32dB programmable

For example with A = 32dB, ViLs = 3Vpp and 50Q
as load, we must put :

Rz = 1kQ [32dB [D.2Vpp/2]= 4kQ
(see French application circuit)

Note : It ispossible to increase the VLs value up to
8Vpp on 150Q of load (54mQ) using Rz = 0Q
(see Italian application circuit)

Figure 54 : Low Cost Design Solution

Power Peripheral Supply
Lllne ls r 2.5mA (3Vv)
TEA7540 TEA7532
SPEECH HANDS-FREE LOUDSPEAKER
L |
(1) | (3.3V, 60uA)
Line
ov
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VI- APPLICATIONS (continued)
VI.4 - Hands-Free Option
Figure 55 : SGS-THOMSON Universal Modular Hands-Free Kit (simplified schematic)
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TEA7532is a 16 pins package which provides : can be used as voltage supply for TEA7540.
- Loudspeakeramplifier : Antidistorsion system - Antiacoustic feed-back system (anti-larsen sys-
- Shuntregulator : It may be supplied by a current tem). This function is active only in monitoring
source. The IC has a zener characteristic which mode with TEA7540.
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