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Ericsson Review celebrated its half-centenary at the expiry of 1973. An article
in this issue presents a retrospect of the fifty-year history of the journal
— a very long period for a journal of this type. Typographically the journal
has undergone changes on several occasions, but over a period of many years
they have been small superticially. This has also been a strength — people
have learnt to recognize Ericsson Review. The editor has nevertheless
considered the time ripe for a more radical metamorphosis, both of the cover
and of the general layout. What the editor hopes is that in its new form
Ericsson Review will be still easier to read and that, in appearance, it will
continue to hold its own in comparison with corresponding journals.

The Editor

COVER

Pushbutton dialling unit with LC oscillator for
DIALOG telephone.

The round plate carries on the front the
pushbutton set seen on the telephone set

in the background.



Electronic Telephone Sets

Arne Boeryd

This article is a revised version of a paper presented at the |IEEE
Meeting EUROCON-71 in Lausanne, October 18—22, 1971,

The author discusses from the technical and economic aspects the
possibility of introducing electronics in telephone sets and reports
the development at LM Ericsson in this field up to 1974.
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The chief functions of a telephone set,
as is known, are largely

1. to close a DC loop connecting the
subscriber to the exchange via the
local cable,

2. to generate coded signals repre-
senting digits and/or letters needed
by the exchange machinery for
setting up the connection,

3. to convert electrical signals from
the exchange into acoustic signals
from the telephone set in order to
attract the attention of the called

party,

4. to convert acoustic signals (speech)
into electrical signals for transmis-
sion to the other party's receiver,

5. convert the electrical signals back
into audible speech.

A future telephone set should therefore
be able

6. to generate code signals repre-
senting digits and letters for trans-
mission to computers and present
the answers issued by the computer
in visual and/or acoustic form to the
subscriber.

During the nearly one hundred years
that the telephone set has been in use,
functions 1—5 have been achieved by
means of metallic springsets, magnetic
circuits and carbon granules.

The component which has permitted
transmission of speech signals without
amplification over considerable dis-
tances is the carbon transmitter which,
besides converting the acoustic into
electrical signals, at the same time in-
troduced amplification of 40—50 dB
with a feed voltage of about 3—4 V.

The next important step in the history
of the development of the telephone set
was taken in the twenties when the CB
telephone set was equipped with a dial,

which permitted the subscriber himself
to transmit the coded signals for setting
up of the connection. During the thirties
an electrical hybrid circuit was intro-
duced which separates the transmitted
and received signals from one another
and balances them for optimal sidetone
attenuation on connection of the 4-
terminal network to the 2-wire local
line.

The next step in the development came
in the fifties when semiconductor de-
vices were introduced in the sending
and receiving channels to adjust their
zensitivity as function of the line re-
sistance and thereby compensate for
variations in the sending channel in the
local exchange and in the receiving
channel in the telephone set. This com-
pensation of the local line attenuation
is most simply done in the receiving
channel. To achieve compensation in
the sending channel is more complic-
ated owing to the DC supply loss of the
carbon transmitter and its non-linear
current-voltage characteristic.

With the exception of the developments
indicated above, active electronic ele-
ments such as vacuum tubes, transis-
tors etc. for improvement of the cha-
racteristics and/or reliability of the tele-
phone set have not been used (o a
great extent. The main reason for this
has been economy, but also to a very
great extent the limited DC power
available in the telephone set.

Electronic microcircuits, LSl (Large
Scale Integration) components, both
linear and digital, together with resis-
tors and capacitors in film technique,
became of great significance in the
design of telephone sets as from the
1970's. This new technique, however,
must prove its economic and mainte-
nance superiority compared with exist-
ing technique before it comes into use
on awide scale, An advantage of micro-
electronics for transmission, signalling
and ringing is, of course, the almost
complete freedom offered in the ex-
ternal design of telephone sets. Greater
attention can be paid both to practical
and aesthetic points of view.

Existing exchange equipments and
telephone sets have a fairly long life
and several decades elapse " ~fgre a
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LC oscillator, circuit diagram

new technique has become fully estab-
lished in a telephone network. During
this time, therefore, the old equipment
must be able to work together with
units which have better and different
characteristics. The manufacturing
technique for today's telephone sets,
moreover, is strictly rationalized and in
some respects automatized, which
means that the transition to a new tech-
nique will take a relatively long time
and involve heavy investments both for
manufacturer and user. Owing to these
factors the introduction of electronics
in the telephone set takes place only
when the new technigue has proved its
operational and economical superiority.

Electronic circuits and
DC characteristics of the
telephone set

To allot to the subscriber’s line as great
a portion as possible of the permissible
loop resistance and to give the tele-
phone set as low a resistance as pos-
sible during dialling, the DC resistance
for a telephone set has traditionally
been as low as possible, of the order of
100—300 ohms. The direct currents
needed to operate line relays etc. in
existing systems are of the order of
20—10 mA. With unchanged telephone
set resistance these currents result in
a working voltage of only 4—2 V for
eventual electronics.

In the borderline case there is practi-
cally no working voltage left after a
polarity guard, if any, unless a circuit
for voltage conversion of the direct
current is introduced in the telephone
set for feed of the circuits.

An ideal voltage to drive the electronics
would be 12—15 V. The voltage can be
reduced o an order ot 5—6 V, apart
from the addition for the polarity guard.
The problem can be overcome by
making use of the fact that the line re-
lay will hold to a much lower current
than is required for its operation. By
short-circuiting of the telephone set
during the first 100—200 ms the func-
tion of the line relay on connection is
ensured and a higher voltage drop can
be allowed during dialling and trans-
mission.

Dialling

Frequency generation with
analogue technique

The component in a telephone set
which necessarily requires active elec-
tronic circuits is the pushbutton audio
frequency dial, in which each digit is
characterized by two simultaneous fre-
quencies instead of the number of DC
pulses corresponding to the digit dial-
led with a rotary dial.

As is known, the following frequencies
are recommended by CCITT:

Hz 1209 1336 1477 1633
697 1 2 3 A
740 4 5 6 B
852 7 8 9 c
941 v 0 H D

The frequency tolerances under all
working conditions between + 50°C
and — 30° C during the lifetime of the
dial, and including manufacturing tole-
rances, must lie within = 1.8 % This
requires a careful choice of compo-
nents and temperature compensation.

The oscillators for pushbutton dialling
which have been used hitherto are of
LC type. Figs. 1—3 show the LC oscilla-
tor at present made by L M Ericsson.
The amplifier is an emitter-follower
with a gain of < 1. The feedback circuit
is connecled between the base and
emitter and the winding of the tuned
circuit is connected inductively to the
coil in the feedback circuit. To main-
tain the oscillation the transformer ratio
between emitter and base mustbe = 1.
To minimize the build-up time of the
oscillator, magnetic energy is stored
in the coil through the voltage drop
which takes place across diodes V6—
V7 when the handset is raised. The
oscillator is connected directly to the
line in the same way as the dial.

The LC oscillator, however, has several
disadvantages. The ferrite coils are
physically fairly large and, in their at-
tachment, are mechanically sensitive
to shock. The trimming procedure in
manufacture is time-consuming and
must be done manually, which prevents
an automatic production technique.






