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Standard Telephone Set, 
DIAVOX 100 

Leif Branden, Jan-Olof Hedman and Olle Larsson 

LM Ericsson's new standard telephone set, DIAVOX 100, was first announced in this 
magazine in 1977\ The set was designed by ELLEMTEL for the Swedish Telecom
munications Administration and LM Ericsson. Manufacture was started in LM Erics
son's factories in 1978. The set has been well received on the market. The sales 
during the first two years have been considerable, including 400 000 telephone sets 
to Saudi Arabia. 
The design of the new telephone set is described in this article, and the whole family 
of telephone sets that has been developed based on DIAVOX 100 is described In the 
following article. 

UDC 621.395.6 The predecessor of DIAVOX 100 in LM 
Ericsson's range of telephone sets was 
the DIALOG, which was introduced in 
1963. Its design was very advanced at 
the time. The main components were 
independent units, which were com
bined to form the desired type of 
telphone set. The design was highly 
praised and the same principles have 
since been used by many manufactu rers 
around the world. 

The technology of today and tomorrow, 
with its integrated electronics, requires 
a different mechanical construction if 
the possibilities it offers are to be 
utilized to the full for the telephone func
tions. 

One prerequisite for a rational mechani
cal construction is that it must be possi
ble to mount all components, including 
the mechanical ones, on printed circuit 
boards. The development of the new 
telephone set therefore started with the 
design of the cradle switch and a push

button set for mounting on a printed 
board. 

The position of the handset cradle, on 
the rear part of the cover, provides a 
large free area for a control panel 
nearest to the user. The push-button set 
is placed to the right on the front cover. 
This gives an attractive appearance and 
leaves a large area on the left for buttons 
and indicators for special functions. The 
internal design of the telephone set pro
vides a large space for printed board as
semblies, which is necessary if the same 
cover is also to be used for more com
plex types of telephones. From the 
points of view of manufacture, servic
ing, maintenance and investment it isan 
advantage that the more usual variants 
of the set can be obtained in this way. 

The subscriber of today wants to be able 
to choose the colour of his telephone. 
Conventionally designed telephone sets 
in several colours entail, among other 
things, high stockkeeping costs. 
DIAVOX is designed so that the front 
cover can be supplied in several col
ours. The other details are black. This 
reduces the cost of providing a wide 
choice of colour. 

The remainder of the article consists of a 
description of the telephone, the hand
set and the components included in 
these, and also the characteristics of 
the telephone set and the possibility of 
additional functions. 

Fig. 1 
LM Ericsson's new standard telephone set, 
DIAVOX 100 
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Telephone set 
The set consists of a base plate, rear 
cover and front cover, fig. 2. The 
standard version contains one printed 
board assembly. 

The base plate has four polyurethane 
studs, which give good friction and do 
not mark lacquered table surfaces. The 
ringing device and gongs are mounted 
on the base. There are sound slots in the 
front and rear edges of the base. These 
slots are less than 0.5 mm wide in order 
to prevent insects from getting into the 
set. 

The ringing device in DIAVOX is basical
ly the same as the one used in DIALOG. 
The output level of the bell at a distance 
of 1 m is nominally 75 dB(A) as in 
DIALOG, and it can be reduced by up to 

20 dB. Alternatively a tone ringer can be 
used. 

The rear cover, where the number frame 
is mounted, is designed with an indenta
tion for the fingers, which gives a good 
grip for lifting the telephone. Cradle 
switch plates and other details which 
transfer the movements of the cradle to 
the cradle contact spring set are 
mounted in the rear cover. 

The front cover is a simple item without 
any special tolerance problems, which 
simplifies the change of cover. The front 
cover is manufactured in two versions, 
for a push-button set and for an ordinary 
dial. At present the front cover is avail
able in the following colours: deep red, 
flame red, sand beige, camel, olive 
green and pearl white. 

Fig. 2 
Exploded view of the telephone set 



Fig. 3 

Printed board assembly for loop-disconnec t 
signalling 

The printed board assembly contains 
the impulsing device and register cal l 
ing button with the associated e lectron
ic circuits, cradle contact spr ing set, 
overvoltage protect ion and terminal 
strips. The transmission circui t is placed 
in the handset. 

Impulsing device 
The telephone set can be equipped with 
a push-but ton set for tone frequency key 
sending or loop-disconnect dial puls
ing. Alternatively it can be equipped with 
a dial. 

Tone frequency key sending 
Tone frequency key sending has long 
been available on the market. The t radi 
t ional LC osci l lator has successively 
been rationalized and it is still able to 
compete, both technical ly and 
economical ly, wi th anything that mod
ern semiconductor technology can 
offer. 

In the near future the possibil i ty of hav
ing digital and analog elements in the 

same integrated circui t wil l make digital 
osci l lator circui ts competi t ive. Circuits 
are now available in l2L technique, 
which divide down and combine fre
quencies f rom a crystal osci l la torso that 
they meet CCITT recommendat ions. The 
same circui t also contains the filters and 
analog circui ts required for matching to 
the line, so tha t thespec ia l requirements 
for Europe, as recommended by CEPT, 
are met. 

Subscribers who are connected to 
stored program control led local ex
changes must be able to call registers to 
order services. CEPT have recom
mended that such register calling is 
done by means of a break of a preset 
length of t ime in the DC loop. The 
circuit that is to cut off the line current 
should be a separate circui t since it 
must be able to withstand high over-
voltages and, dur ing the breaks, also the 
exchange voltage. A circuit for this 
purpose is therefore included in the 
tone frequency key sending board, and 
it is control led by the register calling 
but ton. 

Fig. 4 
Block diagram of the pulse dialling circui t 

1. Control and memory circuit 
2. Resetting circuit 
3. Voltage regulator 
4. Impulsing circuit 
5. Circuit for extra voltage drop during impulsing 
6. Circuit for driving the switch transistors 
7. Circuit for disconnecting the transmission 
8. Transient protection circuit 
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Loop-disconnect pulsing 
In markets where push-button sets are 
introduced for tone frequency key send
ing towards new public exchanges, 
there is also a demand for push-button 
sets among subscribers connected to 
exchanges of older types. A version of 
DIAVOX for loop-disconnect pulsing, 
figs. 3 and 4, is provided for these sub
scribers. 

In this case also, development has been 
carried out in order to utilize new tech
nology and meet new requirements. LM 
Ericsson, in collaboration with the 
Swedish Telecommunications Adminis
tration, have had an integrated circuit 
developed, which forms the control and 
memory part of the pulse unit. CMOS 
technique is used for this circuit, which 
operates with as little as 2 V and has 
very low current consumption. The 
pulse unit meets extremely stringent 
demands as regards contact function 
and voltage regulation. Among the 
characteristics that have been improved 
are in particular the "short circuit volt
age" during impulsing, the start time 
and the ability to withstand over-
voltages. The first two of these im
provements are direct results of the 
lower power consumption in the control 
and memory circuit. The characteristics 
are specified in "Technical Data" at the 
end of the article. One factor that should 
be noted is the low voltage during the 
first half of the make time, which also 
gives good function towards old types of 
relay exchanges. 

In the main version transistors are used 
both for impulsing and for disconnect
ing the transmission circuit, fig. 4. The 
use of transistors leads to a certain volt
age drop in series with the transmission 
circuit. This has a marginal effect on the 
transmission characteristics which 
some administrations do not accept. For 
this reason an alternative version is 
available where a miniature relay is used 
instead of transistors. It is connected in 
such a way that the transmission circuit 
is short-circuited during the impulsing, 
and the pulse circuit is short-circuited in 
the speech position. In view of the power 
that is available the relay must be bista
ble, and the design therefore also in
corporates a control circuit which en
sures that relay always takes up the cor
rect position. 

In order to enable the pulse circuit to 
withstand overvoltages it has been 
equipped with a protection circuit. If the 
voltage increases, the circuit quickly 
cuts off this current through the transis
tors before the power becomes destruc
tive In order that the voltage across the 
set shall not become excessive the cur
rent must be conducted away. In 
DIAVOX this is done by a thyristor diode, 
which has been specially developed for 
protecting telephone sets against tran
sients. It can withstand sufficiently high 
power and acts very quickly. The trigger 
voltage is 110 V in order not to distort the 
pulses during impulsing. The thyristor 
diode is also designed so that it is turned 
off immediately the current falls to less 
than 150 mA, i.e. it will always return to 
the normal state as soon as the transient 
has passed. 

The CMOS circuit contains a memory 
with a capacity of 18 characters. If the 
administration allows the telephone set 
to draw a very low current from the ex
change even when it is not in use, the 
information stored in the memory in one 
version of the set can be retained after 
the handset has been replaced. This 
enables the subscriber to repeat the 
latest dialled telephone number just by 
depressing a button instead of dialling 
the whole number again. 

Cradle switch 
The cradle spring set is mounted on the 
printed circuit board and is operated by 
the cradle, which is mounted in the rear 
cover, fig. 5. The operation is indirect. 
The cradle arm operates the spring set 
and when the handset is put down, the 
arm lifts. The spring set then returns to 
the rest position with the aid of a return 
spring mounted on the spring set. This 
protects the spring set if the handset is 
replaced with force. 

The cradle spring set, top left in fig. 3, is 
characterized by small dimensions, low 
operating force, large overtravel before 
and after the actual making and break
ing, and a large number of contact func
tions. 

The spring set contains four separate 
break contacts and four separate make 
contacts, which can be paired to form 
changeover contacts, fig. 6. 
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Fig. 8 
Exploded view of the handset 

Fig.9 
Microphone and receiver 

The design of the spring set, with a turn
ing camshaft that moves the springs, 
permits large overtravel before as well 
as after both make and break, wi thout 
any increase in the actuating force or 
stress on the spr ing. 

The camshaft is shaped so that it gives 
the desired t ime lag between make and 
break. 

Gold contacts are used to ensure good 
contact funct ions even with the low cur
rents in the electronic circuits. 

Push-button set 
LM Ericsson's push-button set has been 
further developed to make it more suit
able for electronic circuits. The set is 
small and can be mounted direct on a 
printed circui t board, f ig. 7. 

The basic funct ion gives two individual 
contact closures for each but ton, and 
also operates a spring set (which is 
common for all buttons) having the re
quired number of make and break con
tacts. The individual contact funct ions 
are obtained with the aid of two leaf 
springs which are operated by a 
wedge-shaped part of the but ton. The 
leaf spr ings each make contact with a 
contact plate. The common spr ing set is 
mounted underneath the push-but ton 
set. 

All contacts consist of metal profi les 
with go ld plat ing. The contacts are 
welded to the leaf springs and contact 
plates. 

The push-but ton set is available in dif
ferent versions with 
- two individual contact closures per 

but ton together with a maximum of 4 
closures or 4 breaks or 1 - 2 change-
overs in the common spring set 

- two closures per button and wi thout 
any common spring set 

- one closure per button and wi thout 
any common spring set. 

Advantages of the DIAVOX design 
The telephone set has a spacious and 
convenient control panel with the 
push-but ton set on the right. The design 
of the front cover makes it easy to 
change the colour of the set. 

All components are mounted on a 
pr inted c i rcui t board, wh ich simplifies 
the stocking of spare parts. 

The design gives the set even weight dis
t r ibut ion and makes it easy to lift. 

The posit ion and shape of the handset, 
together wi th the design of the rear 
cover, makes the handset easy to grip 
and hold. 

The number frame is placed on the rear 
cover in f ront of the handset so that the 
subscriber number is easy to see. Thus a 
change of colour does not affect the 
number frame. 

Handset 
The handset in DIAVOX 100 is a com
plete transmission unit. In addit ion to 
the receiver and microphone it also con
tains a printed board assembly with the 
transmission circuit, f ig. 8. 

When the work on designing DIAVOX 
started, LM Ericsson already had ex
perience of speech circuits built into the 
handset (DIALOG and ERICOFON 700). 
It was therefore possible to formulate 
explicit directives for the design of the 
handset r ight f rom the start, to give the 
best possible basis for and complete 
uni formity of the whole design work. 
The handset has been designed for 
equipping with alternative acoustic 
converters and speech circuits, and so 
that it can contain a printed circuit 
board which is big enough to provide a 
choice as regards construct ion practice 
and components. 

Construction of the handset 
The handset, f ig. 8, consists of a two-
piece case, a transmission circui t with a 
microphone, a receiver, a f ix ing device 
and a cord. Compared with a conven
t ional handset with a one-piece case 
and microphone and receiver lids, the 
two-piece case has advantages both as 
regards design and const ruct ion. Thus 
the handset is attractive as well as com
fortable to gr ip and hold. 

Furthermore the two-piece handset 
enables the transmission circui t to be 
placed together with the microphone, 
whereby the circuit can be protected 
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The handset weighs approximately 180 
g. The two parts of the case are held to
gether by two screws. These also secure 
the receiver and transmission circuit, via 
a f ix ing device, which makes the re
ceiver and microphone easily accessi
ble when the case is opened. 

The low weight of the telephone set and 
above all the handset have led to the de
velopment of a new, light cord. Both the 
cord and the telephone instrument ca
ble are f ixed in the standard version, but 
there is an alternative version with plug 
and jack connect ion. 

Receiver and microphone 
The receiver is of the normal 
electromagnetic type, f ig. 9, which LM 
Ericsson have used since the beginning 
of the 1970s in DIALOG and later also in 
ERICOFON 700. This receiver is widely 
used, and its cont inued use ensures 
good reliability and delivery times. 

Since the receiver is so well established 
with the customers LM Ericsson have 
decided to use it also as the main 
microphone alternative in DIAVOX. It 
has been adapted acoustically by ad
ding a lid to give the desired frequency 
response. 

Another microphone alternative for 
DIAVOX is an e lect retmicrophone. l t has 
excellent acoustic properties and its 
comparative insensitivity to mechanical 
vibrations gives good immunity against 
acoustic feedback. The Swedish Tele
communicat ions Administrat ion have 
chosen to use only the electret micro
phone. 

The electret microphone has a high im
pedance and therefore makes special 
demands on the speech circuit . It is 
posit ioned mechanically to provide 
simple and rational handl ing and also 
high immunity against electr ical dis
turbances. The microphone is placed 
adjacent to the circuit, and the metal 
cover is connected to one line terminal 
in order to obtain good screening. 

Speech circuits 
The speech circuits for DIAVOX have 
been developed to give the best possible 
transmission and DC feeding charac
teristics. 

One of the most important prerequisites 
for a simple, rational structure is that 
right f rom the start the circuits should 
be designed for the greatest possible 
immunity f rom radio interference and 
other external disturbances. The plac
ing of the speech circuits in the handset 
is one safeguard against disturbances. 

The circuit for the electromagnetic 
microphone is designed with balanced 
microphone input and balanced output 
to the receiver, f ig. 10. Decoupl ing 
capacitors are placed so that the circuit 
is immune from radio interference, and 
thus no screening is necessary. The 
microphone is connected direct to the 
speech circui t board and thus the wir ing 
is the shortest possible. 

Most circuit components are included in 
a monol i th ic circuit, which has been de
veloped specially for the purpose. Re
sistors required for adjusting such 
characterist ics as impedance, gain and 

Fig. 10 
Block diagram of the speech circuit 

1. Input stage, microphone amplifier 
2. Gain regulation, sending 
3. Output stage, microphone amplifier 
4. DC generator 
5. Input stage, receiver amplifier 
6. Gain regulation, receiving 
7. Output stage, receiver amplifier 
Z1.Z2 Resistive hybrid 
ZB B a l a n c e i m p e d a n c e 
C! Frequency a d j u s t m e n t 

http://electretmicrophone.lt
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Fig. 11 
The transmission characteristics of DIAVOX 100 
with electronic speech circuit 

Fig. 12 
Frequency response curve for sending 

Fig. 13 
Frequency response curve for receiving 

line current dependent amplifier regula
tion in order to meet different customer 
requirements, are not included in the 
monolithic circuit. 

The circuit for the electret microphone 
also contains a specially developed 
monolithic circuit, which includes the 
input stage with its field effect transistor 
(JFET). As in the elctromagnetic circuit 
the resistors that are needed for adjust
ing the characteristics of the circuit are 
outside the monolithic circuit. 

However, the electret speech circuit has 
such a high input impedance on the 
microphone side that it is necessary to 
enclose both the microphone and the 
speech circuit within the electrical 
screen. For reasons of space it is neces
sary to make the circuit in the form of a 
thick film hybrid. The screen is also a 
cover and the mechanical-acoustic 
matching to the handset. 

Auxiliary equipment 
In certain cases, for example in noisy 
environments or for people with im
paired hearing, it is desirable to have 
extra amplification of the received 
speech. A special potentiometer-con
trolled amplifier has been designed for 
DIAVOX, for placing direct on the re
ceiver. It provides a maximum gain of 
approximately 20 dB. 

The DIAVOX handset can also be equip
ped with a key that connects in the 
microphone only during speech, i.e. 
press to talk. The key switch has two 
make-before-break changeovers, and 

thus other switching functions can also 
be obtained. 

DIAVOX can be equipped with an extra 
receiver. 

Transmission characteristics 
Several factors have influenced the di
mensioning of the electronic speech 
circuit. One example of requirements 
that clash is the demand for a low DC 
voltage drop across the telephone set 
and the demand for freedom from dis
tortion for the normal speech levels. 
The dimensioning has resulted in the 
following transmission characteristics: 
- DIAVOX can be connected to existing 

exchanges as well as the new ex
changes that permit longer sub
scriber lines. Satisfactory function is 
maintained over the long subscriber 
lines with currents down to 10 mA. 

- The transmission level regulation 
which is dependent on the length of 
the line is carried out in such a way 
that the demands regarding stability 
and echo attenuation are met. 

- The transmission is free from distor
tion and permits send levels up to +3 
dBm without clipping. 

- The sidetone reference equivalent is 
better than 10 dB for all line lengths. 

- Radio interference and disturbances 
caused by set noise is less than -65 
dBm psophometrically weighted. 

As regards disturbances the require
ment concerning set noise was de
termined by what is permissible towards 
the line and what the subscriber finds 



Fig.14 
The line current as a function of the loop re
sistance (power supply circuit and line) 

The voltage across the telephone se t as a function 
of the loop resis tance (power supply cicuit and 
line) 

" " Loop-disconnect impulsing 
^ ^ ^ T o n e frequency key sending 

disturbing. After examination of the re
quirements and laboratory tests the limit 
was set at a maximum of - 6 5 dBm pso-
phometrically weighted. 

Radio interference has not been a prob
lem in conventional telephone set de
signs. The introduction of microphone 
amplification and integrated electronics 
for other functions of the set have meant 
that special attention has had to be paid 
to radio interference. An investigation of 
existing types of interference and field 
tests have proved that the induced radio 
signal between the telephone line and 
earth, for which protection is needed, 
amounts to approximately 4 V in the 
medium wave band with amplitude 
modulation. 

The impedance of a telephone set is im
portant for the whole telephone connec
tion. Local cables with no coil loading 
have a capacitive characteristic. The 
transition points between 2-wire and 
4-wire contain compromise balances, 
which should match the overall impe
dance. Hitherto most telephone set im
pedances have been inductive, which 
from the point of view of the local ex
change has meant great variations in 
impedance depending on the distance 
from the exchange. From the design 
point of view a resistive impedance 
gives a rational speech circuit design 
and very much better characteristics 
than an inductive impedance. Resistive 
impedance has therefore been chosen 
for the present version of DIAVOX. 

Fig. 11 shows reference equivalents for 
a telephone set with transmission reg-

Technical Data 
DIAVOX 100 is designed for 20 -30 years of 
normal use. 
The telephone set withstands 
- lifting and replacing the handset 300000 

times 
- depressing each button in the push-button 

set 200000 times 
- falls from normal table height (80 cm) 
- overvoltages up to 2000 V 
- induced radio freguencies at a voltage of up 

t o 4 V 
The telephone set functions in accordance with 
the specified data 
- with ambient temperatures between - 1 5 ° C 

and +45° C 
- with a relative humidity of between 5 % and 

95% 

The telephone set has the following impulsing 
data: 

Loop-disconnect 
10.16or20Hz ±10% 
60/40 or 67/33 
800 ±100 ms or 400 
±50 ms 

Dialpulsing 
Pulse rate 
Pulse ratio 
Pause between digits 

Voltage drop with 
closure 

Series voltage drop 
in the transmitting 
state 
Pulse shaping circuit 

S 7 Vwith 20 mA 
S 2 V during the first 
half of the closure 

« 1.5 V 
1 uF 600 ohms 

ulation that is dependent on the line 
length. Sending and receiving are re
lated to the local exchange. Figs. 12 and 
13 show frequency response curves for 
sending and receiving with an 
electromagnetic receiver and micro
phone. Figs. 14,15 and 16 show DC data 
and impedance. 

Other characteristics 
In order to obtain maximum safety in 
cases of overvoltage between the tele
phone line and earth, the new telephone 
set with push-button dialling has been 
designed without any exposed metal 
parts. As regards overvoltage between 
the wires coming in to the telephone set, 
special protective circuits are required, 
as has been mentioned above. The abili
ty of the set to withstand overvoltage 
and environmental stresses is shown in 
Technical Data. 

Fig. 16 
Teleohone set impedance 
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The DIAVOX Family 

Leif Branden, Jan-Olof Hedman and Olle Larsson 

The previous article described the design of DIAVOX 100 and how easily the con
struction can be adapted to give variants^. On the basis ofDIAVOX 100 LM Ericsson 
have developed a whole family of telephone sets and systems. The various members 
of the family are described in this article. 

UDC 621 395 6 The construction of the new standard 
telephone set DIAVOX has made it pos
sible to use the same cover for all the 
more usual variants. This is a great 
advantage from the point of view of 
manufacture and servicing. 

For other designs, where the standard 
set DIAVOX 100 or a variant in the same 
cover is to be used together with other 
equipment, a base has been designed 
that takes either DIAVOX or other types 
of telephone sets. 

On the basis of these two fundamental 
constructions, LM Ericsson have de
veloped a whole DIAVOX family, which 
now comprises the following members: 
- Loudspeaking telephone, DIAVOX 

200 
- Loudspeaking base, DIAVOX 250 
- Telephone with abbreviated dialling, 

DIAVOX 130 
- Telephone with headset, DIAVOX 120 
- Executive-secretary system, DIAVOX 

150 

- Telephone set for two exchange lines, 
DIAVOX 125 

- Telephone system for several ex
change lines, DIAVOX 824 

The above-mentioned sets and systems 
require a large space for printed board 
assemblies in the telephone, and an 
area for control buttons and indicators 
on the cover. The DIAVOX standard set 
has space for three printed board as
semblies. The push-button set is placed 
to the right on the front, leaving room for 
buttons and indicators to the left. 

Loudspeaking telephone 
DIAVOX 200 * 
In the loudspeaking version, DIAVOX 
200, fig. 1, the sending and receiving 
levels have been adapted to the latest 
CCITT recommendation proposals (SG 
XII 1980). This means that with normal 
speech the output level is the same as 
for an ordinary telephone. The receiving 
level can be adjusted with a readily ac
cessible potentiometer, so that the de
sired listening level can be obtained for 
weak as well as strong signals. The 
transmitted frequency range for the 
loudspeaking version is shown in fig. 2. 

Adjustable attenuators are used in both 
the send and receive channel in orderto 

Fig. 1 
Loudspeaking telephone, DIAVOX 200 
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make the speech control as smooth as 
possible, f ig. 3. The amount of attenua
tion is adjusted at the same time that the 
receive level is adjusted with the 
potentiometer. The total amount of at
tenuation that has to be switched from 
the receive state to the send state and 
vice versa is then as low as possible. 
This gives fast switching of the speech 
direct ion and the flow af conversation 
becomes natural, wi thout any disturb
ing unevenness. 

Another feature of the speech control 
circuit is that the effect of any room 

noise is reduced since the send ampl i f i 
cation is decreased when the disturbing 
noise has a persistently high level. 

In DIAVOX 200 the coupl ing to the ord i 
nary (quiet speaking) part and the 
changeover between the loud and quiet 
speaking states is arranged in such a 
way that when the button ON is depres
sed the operat ing arm in the cradle 
spring set is given an overtravel. The last 
contact act ion in the spring set then 
takes place and the DC feeding is 
switched f rom the ordinary to the loud 
speaking transmission circuit. 

Fig. 3 
Block diagram of the speech control circuit 

Send channel 

The comparator compares the signals from the micro
phone, the line and the volume control 

Fig. 2 
Transmitted frequency range for the loudspeaking 
version 



Loudspeaking base 
DIAVOX 250 " 
The loudspeaking base, DIAVOX 250, is 
designed so that also other telephones 
than DIAVOX can be placed on it, fig. 4. 

DIAVOX 250, fig. 5, is connected to the 
associated ordinary (quiet speaking) 
telephone set either by means of parallel 
connection in the wall socket or via a 
special intermediary connection. In the 
former case outgoing calls must always 
be started by dialling the number with 
the combination set in the ordinary 
(quiet speaking) state, after which a 
changeover can be made to the loud
speaking state. Incoming calls can of 
course always be answered direct in the 
loudspeaking state. 

The special intermediary connection is 
made by connecting DIAVOX 250 as the 
intermediary instrument and the ordi
nary telephone set as the extension on 
the same line. The tone frequency key 
sending circuit of the telephone set is 
electrically connected to DIAVOX 250. 
Dialling can then be done in the loud

speaking state, which makes the calling 
procedure more convenientforthe sub
scriber. 

The speech control circuit in DIAVOX 
250 consists of standard components, 
fig. 6, like the corresponding circuit in 
DIAVOX 200. 

Telephone set with abbre
viated dialling, DIAVOX 130 
One version of DIAVOX is designed for 
abbreviated dialling. The abbreviated 
dialling circuit is controlled by a micro 
computer, and 9 or 27 telephone 
numbers can be stored. Simple proce
dures have been developed for the writ
ing in and sending of numbers. 

The abbreviated dialling circuit also 
permits repetition of the latest dialled 
number. 

The telephones with abbreviated dial
ling contain a loudspeaker which is dri
ven by a circuit with only a receive func
tion. The subscriber can therefore dial 
the number and wait for an answer be
fore having to lift the handset. 

Fig. 4 
DIALOG on the loudspeaking base, DIAVOX 250 



Fig. 6 
Printed board assembly for loudspeaking tele
phone 

Telephone with headset, 
DIAVOX120 
DIAVOX is also available in a version 
with both a handset and a headset, f ig. 7. 
This telephone is particularly suited for 
premises where the staff need to have 
both hands free during telephone calls, 
but where loudspeaking telephones are 
not suitable. 

The headset is plugged into the tele
phone on the r ight-hand side. 

When the handset is used, the telephone 
works as an ordinary instrument. The 
headset is connected in with the ON but
ton. Calls exchanged via the headset are 
disconnected by depressing the OFF 
button. 

Executive-secretary system, 
DIAVOX 150 
The executive-secretary system DIAVOX 
150 consists of two telephone sets 
which are identical, with the except ion 
that the executive set has a but ton for 
d isconnect ing the bell f rom the ex
change line. The two telephones are 
connected by means of an 11-wire cable 
and the system is powered f rom a 12 V 
battery el iminator. The executive set is 
connected as the intermediary instru
ment. Fig. 8 shows the two telephones 
with the secretary set on the left and the 
executive set on the right. 

A call over the exchange line normally 
activates the bells in both telephones. A 
buzzer is used for calls over the local 
line. 

Fig. 7 
Telephone set with handset and headset, 
DIAVOX 120 



Fig. 8 
Executive-secretary system, DIAVOX 150 

Exchange line calls are answered or ini
tiated by depressing button CL. Busy 
line is indicated by means of a light emit
ting diode in the other set. If a completed 
call is to be followed immediately by 
another one the handset can be left off, 
the clearing signal being given by de
pressing the OFF button. 

When a local call is to be made, the local 
line is connected in by depressing but
ton LL. The call is then initiated by de
pressing button LC. The call is answered 
at the other telephone by depressing 
button LL. The call can be terminated 
without having to replace the handset, 
by depressing the OFF button. 

During a call on the exchange line a lo
cal call can be made to the other set for 
enquiry or notification. The exchange 
line call is then automatically put on 
hold. Return to the exchange line call 

also takes place automatically when the 
local call is completed and discon
nected without the handset being re
placed. Transfer of a call is carried out 
by depressing the CL button on the 
other set and then replacing the handset 
on the first set. 

The maximum distance between the two 
telephones in the system corresponds 
to a 150 ohms cable. The range is de
termined by the DC feeding to the buz
zer. With a wire diameter of 0.4 mm the 
range is 0.5 km, with 0.5 mm it is 0.8 km 
and with 0.6 mm the range is 1.2 km. 

Telephone set for two 
exchange lines, DIAVOX 125 
Two exchange lines can be connected 
to DIAVOX 125, fig. 9. Each line has its 
own connection button and release but
ton. A call on one line can be interrupted 

Fig. 9 
Telephone set for two exchange lines, DIAVOX 125 
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and put on hold if the subscriber wants 
to answer a call on the other line or use it 
for an enquiry call. 

One exchange line is connected to the 
telephone bell, and the signall ing device 
for the other line is a buzzer. 

Telephone system for 
several exchange lines, 
DIAVOX 824 
DIAVOX 824 consists of a central unit, to 
which 8 exchange lines can be con
nected, f ig. 10. Up to 24 telephones can 
be connected to the system. The system 
can be successively extended to this 
size in modules of four extensions and 
four exchange lines respectively. 

The various exchange lines and tele
phones can be grouped in different 
ways for use as a line selector system, 
executive-secretary system, queue 
system and system with a telephone 
operator. 

The system, which is very f lexible, has 
been described in detail in a previous 
issue of Ericsson Review2. 

Fig. 10 
Telephone set for several exchange lines, 
DIAVOX 824 
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Overvoltages in Telecommunication 
Networks 

Hakan Mork 

A large part of the maintenance costs for both cables and terminal equipment in 
telecommunication networks result from damage caused by overvoltages. The 
costs can be reduced considerably by coordinating the protective measures, above 
all in the most sensitive points of the network. LM Ericsson have developed a range 
of hybrid protectors, which provide protection even for sensitive electronic equip
ment that has been designed without regard to overvoltages. 

UDC 621.316 92/93 The electrical environment in which a 
telecommunications plant has to oper
ate is determined by the electrical 
phenomena that occur in nature and the 
electrical systems created by man. The 
electrical environment affects the tele
communication plants through resis
tive, inductive and capacitive coupling. 

A systematic study of methods for pro
tection against overvoltages and 
methods for adaptation to local condi
tions provides the basic data for profit
able and practical solutions. Standardi
zation of protective components, com
ponent holders and earthing material is 
essential for the installation and 
maintenance activities. Maintenance 
measurements and statistics concern
ing damage provide information about 
the efficiency of the protective systems 
and also whether they are sufficient. 

Fig. 1 
Sensitive electronic equipment is best protected 
with LM Ericsson's hybrid protector 

Overvoltages 
Overvoltages in telecommunication 
plants usually occur through 
electromagnetic coupling to the cable 
network. The main types of overvoltages 
are caused by 
- direct contact with the low tension 

system 
- induction from a high tension line dur

ing a fault on the line 
- NEMP (Nuclear Electro-Magnetic 

Pulse) 
- direct stroke of lightning in the tele

communication network 
- induction from a lightning discharge 
- electrostatic charging. 

Direct contact with the low tension 
system means that a voltage of power 
frequency, and with an amplitude of up 
to the network operating voltage, is 
connected to the conductors in the tele
communication network. The size of the 
voltage and its duration depend on how 
good the contact is and on the fusing 
provided in the low tension system. 

When a telecommunication cable is run 
near high tension lines attention must 
be paid to the risk of inductively coupled 
overvoltages if a fault occurs on the high 
tension line. Resistive coupling can also 
occur close to the fault. In Directives 
Concerning the Protection of Telecom
munication Lines against Harmful Ef
fects of Electricity Lines, CCITT have 
specified in detail how such over
voltages are calculated. 

In a power line with directly earthed 
systems the fault current can amount to 
tens of kA, whereas in systems with the 
Petersen pole earthing the fault current 
can often be assumed to be 1 A/kV. The 
inductive coupling is dependent on 
such factors as the distance between 
the line and the cable, how far they run 
in parallel and the earth resistivity. 

CCITT recommend that the induced 
overvoltage is limited to 430 V r.m.s. and 
650 V r.m.s. respectively, depending on 
the type of circuit breaker. For certain 
types of cables it is instead recom
mended that the overvoltage is limited 
to 60 % of the dielectric strength of the 
cable. 

Lightning is the main cause of damage 
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in large maintenance costs for both ca
bles and terminal equipment. Direct 
strokes, where a part of the lightning 
current seeks a telecommunication ca
ble, are fairly rare. Usually it is not 
economically justifiable to provide the 
cable with overall protection against di
rect hits by lightning strokes. Extensive 
damage at the striking point must often 
be accepted. However, the protective 
system should prevent further damage. 

In the area round the striking point of a 
lightning stroke a transitory increase in 
potential is obtained, which decreases 
with increasing distance from the strik
ing point. If the lightning strikes near a 
cable with a metal sheath and insulating 
outer sheath there is a risk of a disrup
tive discharge through the outersheath. 
Such disruptive discharges cause per
manent damage to the outer sheath, 
so-called pin holes, through which wa
ter can permeate and cause corrosive 
damage and insulation faults. 

The rapid change of field and the high 
current during lightning discharges give 
rise to induced voltages and currents in 
conductors, even at relatively large dis
tances. The different parameters that 
characterize a lightning discharge vary 
statistically within wide limits. The peak 
current in the discharge can be very 
high, over 250 kA has been reported. 
The median value is considerably lower 
and is often said to be around 25 kA. Fig. 
2 shows a distribution of peak currents. 
The current in the main discharge 
reaches its maximum value after a few to 
a few tens of us, and decreases to half 
the maximum value in 20 — 200 us. Test 
pulses of the type shown in fig. 3 are 

used to represent the current pulse. The 
pulse is defined by the peak current and 
the pulse shape T1/T2, where T1 is the 
rise time and T2 the time to half value, 
both in us. Some commonly used pulse 
shapes are 8/20, 15/50 and 10/1000. 

Protection principles 
The overvoltage protection for a tele
communication plant is usually built up 
as a combination of several measures. 
The screening effect of all metal in the 
cable sheath must be used in the most 
effective way in order to reduce the 
penetration of the overvoltage into the 
body of the cable. The moisture barrier, 
screen and armouring are connected 
together along the cable and earthed in 
the most suitable way depending on the 
structure of the cable. 

The screening effect of a cable sheath is 
usually defined by means of the reduc
tion factor, i.e. the ratio between the vol
tage that arises in the screened cable at 
a certain field strength and the voltage 
that would be obtained in an un
screened cable. For example, a reduc
tion factor of 0.2 means that the voltage 
in the screened cable will be only 20 % 
of what the voltage in an unscreened 
cable would have been. With an increas
ing field strength the reduction factor 
first reaches a minimum and then in
creases again because of saturation ef
fects in the sheath material. 

The choice of sheath structure is usually 
determined by other factors than the 
consideration of overvoltages. LM 
Ericsson have manufactured special 
cables with metal sheaths consisting of 

Fig. 2, left 
Distribution of peak currents in lightning dis
charges 

Fig. 3 
The current pulse used for testing is defined by the 
peak current, rise time T1 and time to half value T2 
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Fig. 5 
Charcteristic curve of a varistor 

several layers, whose reduction factor 
has been as low as 0.003, but the cost of 
these cables is too high for general use. 
An economical protection system uses 
the metal in the cable sheath for screen
ing, but is mainly based on protective 
components connected to the con
ductors in the cable. The use of compo
nents with a pronouncedly non-linear 
current-voltage characteristic limits the 
voltage difference between conductors 
or between a conductor and earth. This 
is called, somewhat inaccurately, dis
charge of the overvoltages. 

The basic demands made on the protec
tive components are that they must 
- limit voltage differences to a level that 

is not dangerous to the protected ob
ject 

- withstand a large number of over-
voltage occurrences, often together 
with high currents 

- not cause transmission disturbances 
or problems during maintenance 
measurements. 

It is important that protective measures 
are arranged at the most effective points 
in the telecommunication plants. Gen
erally speaking the following points 
should be protected: 
- Points where cables with different 

dielectric strengths meet, forexample 
a joint between a cable with plastic in
sulation and one with paper insula
tion. 

- Points where the cable installation 
method changes, for example transi
tion between aerial cable and buried 
cable. 

- Open ends of spare pairs and dead 
pairs, since these are terminated with 
a complete mismatch, an infinite im
pedance, which gives rise to voltage 
reflections having the same polarity 
as the incoming voltage and which 

therefore doubles the voltage in the 
vicinity of the open ends. 

- Loading points. The loading coils act 
as a distributed inductance for the 
signals, but to an overvoltage pulse 
they are large impedance differences 
which cause reflections in a way simi
lar to open ends. 

- Terminal equipment, which nowadays 
is often electronic and is thus much 
less able to withstand high voltages 
than the cable network is. 

A protective system for a local network 
can be built up as shown in fig. 4. In this 
system the subscriber and telephone 
exchange are protected as well as the 
distribution point, where the distribu
tion wires are connected to the sec
ondary cable. 

In certain cases it is possible to take the 
risk of overvoltage into consideration 
when planning a telecommunication 
cable. Areas with high towers and masts 
or single high trees have a high prob
ability of beeing hit by lightning strokes 
and should therefor be avoided. In the 
vicinity of a directly earthed high tension 
line the cable should only be run in 
parallel with the line as far as is absolute
ly necessary and it should then be run as 
far away from the line as possible. Any 
crossings should be at right angles to 
the high tension line. 

Protective components 
The types of components that are usual
ly considered for protection against 
overvoltages in telecommunication 
networks are 
- voltage-dependent resistors, i.e. var-

istors 
- transient protection zener diodes 
- carbon arresters and air gaps with 

metal electrodes 
- rare gas tubes. 

Fig. 4 
Protected points in a local network and some 
examples ot protective devices 
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Fig. 6 
The characteristic curve of a transient protection 
zener diode 

In view of the fact that the overvoltage 
protectors function in different ways 
and have different advantages and dis
advantages, a brief description of each 
type is given below. 

Modern varistors are usually made of 
small granules of a conducting metal ox
ide, which are coated with a thin film of 
another metal oxide that is insulating at 
low voltages and conducting at high vol
tages. The varistor is bipolar, as can be 
seen from the characteristic curve 

Fig. 7 
The characteristic curve of a rare gas tube and an 
air gap 

Data for NGC 40201 
DC striking voltage 
Surge striking voltage with 
500V/^s 
Surge striking voltage with 
3 kV/(JS 
Surge current durability 
10 pulses 8/20 
Alternating current 
durability 10x1s 
Insulation resistance 
Capacitance 

280-600 V 

<600V 

<800 V 

20 kA 

5 A r.m.s. 
> 1010ohms 
< 2 p F 

Table 1 

Fig. 8 
Rare gas tubes type NGC 402 

Varistors are manufactured with varistor 
voltages from some tens of volts up to 
several kV. The residual voltage across 
the varistor is dependent on the current 
andean amount to twice the varistor vol
tage at a couple of hundred amperes. 
Both price and volume increase rapidly 
with increasing power dissipation 
capability. 

Transient protection zener diode, TSD, 
is the designation for zener diodes 
which have been designed to withstand 
high pulse power. Extra large chip area 
and carefully constructed pn junction in 
order to avoid local current displace
ment are the means the manufacturer 
usually uses in order to obtain the de
sired result. External cooling flanges are 
not use in this respect since the thermic 
time constant from chip to cooling 
flange is too large. In principle the 
characteristic for a TSD is the same as 
for an ordinary zener diode, fig. 6. Since 
the diodes are undirectional, two zener 
diodes, connected in series opposition, 
are required for the general case. 

The zener voltage is well defined and 
can be chosen from about one volt up to 
a few hundred volts. The current-de
pending voltage increase over the TSD 
is low and the time lag is very short, 
which means that transient protection 
zener diodes offer very good protection. 
The disadvantage is that not even the 
best TSD can withstand the pulse power 
that often occurs in connection with 
lightning. Good 33 V TSDs can with
stand current surges in the range up to 
200-250 A with an 8/20 pulse and in the 
range up to 40 -50 A with a 10/1000 
pulse. The price is then high in relation 
to other types of protectors. 

The oldest type of overvoltage protec
tion is the air gap, i.e. two electrodes 
which are mounted so close to each 
other that there is a flash-over between 
the electrodes before the equipment is 
damaged. The electrodes are usually 
made of metal or carbon. The flash-over 
voltage is determined by the distance 
between the electrodes and by how 
quickly the voltage increases. For slowly 
increasing voltage, e.g. 100 V/s, the 
flash-over occurs when the striking vol
tage has been reached. An electrode 
spacing of 0.1 mm gives a DC striking 
voltage of approximately 800 V. 

Lightning overvoltages often have a very 
short rise time, and since it takes a cer
tain amount of time to start and com
plete a discharge, the voltage has time 
to rise above the DC striking voltage. 
The concept surge striking voltage has 
been introduced, meaning the striking 
voltage with a certain leading edge 
slope, usually given in kV/f^s. When the 
flash-over has taken place an arc is 
formed between the electrodes and the 
voltage falls to the arc voltage, some 
tens of volts. The characteristic curve is 
shown in fig. 7. When the overvoltage 
has been discharged the arc is extin
guished and the protective device retu rns 
to its high resistance state. The small 
elctrode spacing which is required for 
an air gap in order to obtain a reason
ably low striking voltage makes its re
sistance to surge currents low. Such a 
small gap is easily short-circuited by 
electrode material that is sputtered off 
during the discharge. Dust and sand can 
have the same effect on an air gap that is 
not encapsulated. Simple air gaps can 
often only withstand surge currents of 
up to about one kA with an 8/20 pulse. 
However, the low price of air gaps can 
justify their use in places where it is easy 
to change damaged ones, for example 
in manned exchanges. LM Ericsson 
manufacture both carbon arresters and 
air gaps with metal electrodes. 

According to Paschen's law, for a given 
gas the flash-over voltage between two 
electrodes is dependent on the gas 
pressure and the spacing beween the 
electrodes. By placing the electrodes in 
a vacuum-tight cover, filled with gas at a 
certain underpressure, the spacing be
tween the electrodes can be increased 
without the flash-over voltage becom-



Fig. 9 
Distribution points for outdoor installation equip
ped with rare gas tubes 

Fig. 10 
The overvoltage protection in the main distribu
tion frame BAB 340 is provided by rare gas tubes 
NGC 40201 in box NFD 50501 

Fig. 11 
Two-pair subscriber protector NFA 16101 with rare 
gas tubes NGC 40201 

ing too high. If the cover is filled with a 
rare gas, which does not react with the 
electrodes even at high temperatures, 
the component is called a rare gas tube. 

In principle rare gas tubes have the same 
characteristic as air gaps, fig. 7. It is pos
sible to manufacture rare gas tubes with 
a DC striking voltage from about 90 V 
upwards. The DC striking voltage is of in
terest for protection against induction 
from high tension lines, for mainte
nance measurements and for produc
tion control. However, as regards pro
tection against lightning overvoltage 
the surge striking voltage is the most 
important parameter. Good rare gas 
tubes have a low surge striking voltage, 
less than 1 kVat5 kV/tJS. 

Modern rare gas tube can withstand 
high surge currents; Ten 20 kA surges 
with an 8/20 pulse constitute the test 
value for most of LM Ericsson's rare gas 
tubes, which are shown in fig. 8. Data for 
the basic type, NGC 40201, are listed in 
table 1. The excellent protection fea
tures and the long life of NGC 40201 
makes it suitable as the general protec
tion throughout a telecommunication 
network. Despite the fact that rare gas 
tubes cost more than air gaps, in the 
long run they are the cheaper alterna
tive, since their maintenance costs are 
considerably lower than the cor
responding costs for air gaps. 

Overvoltage protection for 
local networks 
In order to provide full protection the 
protective components must be able to 
reduce voltage differences to levels that 
are not harmful to the protected object. 
In the cable network paper-insulated 
cables are usually the most sensitive, 
with a longitudinal voltage rating of 2kV 
and upwards. Cables with plastic insula
tion are often guaranteed to withstand 
some tens of kV, whereas distribution 
lines normally can take even higher vol
tages. In principle either air gaps or rare 
gas tubes could therefore be used to 
protect cables. However, in view of the 
maintenance costs only rare gas tubes 
should be used. Distribution point pro
tectors are available for both indoor and 
outdoor mounting. The best result is 
obtained with rare gas tubes NGC 
40201. Fig. 9 shows protectors for out
door installation. 

As regards the terminal equipment, i.e. 
the telephone sets and exchanges, it is 
expensive to build in high overvoltage 
durability. The requirement for tele
phone exchanges is that its own dura
bility must be so high that no auxiliary 
protective components are required in 
areas with a low incidence of lightning, 
and that the addition of longitudinal pro
tection in the main distribution frame 
provides very high overvoltage durabili
ty in other areas. This means that the 
exchange must be able to withstand 
1000 V with a fairly long pulse (10/1000 
pulse) and very briefly even higher vol
tages. With such requirements the pro
tection in the main distribution frame 
can consist of either air gaps or rare gas 
tubes, but in this case also, rare gas 
tubes NGC 40201 gives the lowest over
all cost. In the main distribution frame 
type BAB 340, cassettes with over
voltage protectors for ten pairs can be 
installed in box NFD 50501, which is 
mounted on the main distribution block 
in the line side, fig. 10. 

The telephone set, which has no ear
thing, must tolerate transversal over-
voltages of at least 500 V. The set can 
then be equipped with longitudinal pro
tection in the subscriber protector box, 
which gives the set a very high ability to 
withstand overvoltages. If the protection 
is correctly earthed it will also eliminate 
the risk of fire caused by a flash-over 
between the set or instrument cable and 
earthed objects, such as a central heat
ing radiator. The high cost of changing a 
damaged protective component makes 
rare gas tubes the only alternative for 
subscriber equipment protection. A two-
pair protector box with rare gas tubes 
NGC 40201 is shown in fig. 11. 

The holder for a protective device must 
not reduce the protective effect of the 
device. The main requirements for a 
good holder are that it must 
- give high and even contact pressure 
- give a low inductance connection be

tween the conductor and the protec
tive device and also between the de
vice and earth 

- give good insulation between the pro
tective devices 

- make it easy to insert and remove the 
protective devices. 

LM Ericsson's wide range of holders for 
overvoltage protectors is designed to 



Fig. 12, left 
Circuit diagram for a transversal hybrid protector 

Fig. 13 
Circuit diagram for a longitudinal hybrid protector 

Fig. 14 
The hybrid protector tor electronic equipment 
consists of a single-pair connection block with 
primary protection and a plug-in unit with sec
ondary protection 

Table 2 

Data for a hybrid protection consisting of 
one NFN 49501 + two NGC 40203 
+ one NFD 49501 
Surge current durability with 
8/20 pulse 
Maximum transversal output 
voltage 
Contact resistance between 
NFN 49501 and NFD 49501 
Transmission loss at speech 
frequency (600 ohms line) 
Return loss at speech 
frequency (600 ohms line) 
Intended for conductor 
diameter of 

20 kA 

10V 

< 3 mohms 

<0 .5dB 

> 2 4 d B 

0.4-1.3 mm 

Overvoltage protection 
for electronics 
Leased lines in public te lecommunica
t ion networks, as well as private tele
communicat ion networks, are to a large 
extent used for the transmission of 
signals between electronic equipments 
which have been designed wi thout any 
special considerat ion being paid to 
overvoltages. This has resulted in opera
t ional disturbances and extensive re
pairs to this type of equipment. The vol
tage that electronic equipment can 
withstand is normally in the range 25 — 
250 volts if no special measures are 
taken. This means that the ordinary 
overvoltage protectors used in the 
public networks are not sufficient. 

The ideal protective component for 
electronic equipment is the transient 
protect ion zener diode. However, as has 
been ment ioned above, the current they 
can tolerate is not sufficent to enable 
them to be connected directly to the 
te lecommunicat ion line. However, when 
used together with rare gas tubes in 
hybrid protectors the best features of 
both rare gas tubes and zener diodes are 
uti l ized. Diagrams for a transversal and 
a longitudinal hybrid protector are 
shown in figs. 12 and 13. 

A correctly dimensioned hybrid unit 
provides a protector that withstands the 
same overvoltage as the rare gas tubes, 
and at the same time keeps down the 
voltage reaching the protected object to 
only a volt or two above the zener vol 
tage of the diodes. 

LM Ericsson's range of hybrid pro
tectors has been designed to provide 
adequate protect ion and can be 
adapted to suit many types of electronic 
equipment. The hybrid protector, f ig. 14, 
is designed as a single-pair connect ion 
block with space for the primary protec
t ion, two longi tudinal rare gas tubes. 
The block also contains two contacts 
which are normally closed and which 
connect the line side to the telephone 
side. The secondary protect ion, the 

circuit with zenerdiodes, resistors and a 
transversal rare gas tubes, is designed 
as a plug-in unit which opens the con
tacts in the block and gives a connect ion 
path through the secondary protect ion. 

In order to obtain full f lexibil i ty the sec
ondary protect ion is manufactured as 
both a transversal and a longi tudinal 
protector in a number of variants, for 
systems with a maximum signal l ing vol
tage f rom 5 V to 70 V. The zener voltage 
is consistently slightly higher than the 
signall ing voltage. The resistors have 
been dimensioned to provide suff icient 
current l imit ing for the zener diodes 
wi thout attenuating the signals un
necessarily. Table 2 gives the data for a 
hybrid protector consist ing of primary 
protect ion and transversal secondary 
protect ion for signall ing voltages up to 5 
V (one NFN 49501 + two NGC 40203 + 
one NFD 49501). 

Summary 
In order to provide economical protec
t ion against overvoltages in te lecom
municat ion networks the most sensitive 
points in the network must be protected 
against the most common overvoltages. 
A coordinated protection system can be 
built up with good rare gas tubes as the 
basic protect ion, and using the screen
ing effect provided by any screens, 
sheaths and armour ing. LM Ericsson's 
hybrid protectors also provide adequate 
protect ion for modern sensitive 
electronic equipment. 
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CTR—Computerized Time 
Recording 

Endre Fabo and Ernst Hoglund 

LM Ericsson Telemateriel AB have developed a computerized time recording 
system, which has been designated CTR (Computerized Time Recording). The indi
vidual time recording is done via terminals with the aid of magnetically or optically 
coded identity cards. The system is characterized by the fact that it autonomously 
carries out all the calculations, checks and printouts necessary for reporting the 
time worked. The system also includes programs that enable data which affect 
wages to be transmitted to the pay system, either on line or via a special flexible disk 
store. 
The system can also be used for entry control and for informing PABX operators, so 
that they know when staff are available. 

UDC 681.1.174 
621.31.681 3 

CTR is a computerized time recording 
system which is specially adapted for 
companies with flexible working hours. 
It records and carries out all necessary 
calculations of the balance as regards 
flexible working hours and overtime. 
CTR also records the employee's devia
tions from the normal working 
schedule, for example business visits, 
leave of absence, illness, holidays, to the 
extent required by the company. 

In addition to time recording the system 
can carry out other functions, such as 
entry control and providing PABX 
operaters with information regarding 
the presence or absence of staff. 

The system contains a central unit, to 
which one or more registration termi
nals are connected. It also includes cor
rection terminals, enquiry terminals, a 
console typewriter and a disk store or a 
flexible disk store, depending on the 
quantity of data that has to be proces
sed, fig. 3. 

Time recording 
Function of the terminals 
Equipment that must be used by all em
ployees several times every day must be 
easy to operate. This was one of the 
main prerequisites in the development 
of the registration terminal. 

Each employee has an authorization 
card, fig. 4, with an individual code. The 
card is inserted in the card reader of the 
registration terminal, fig. 1, for the re
gistration of entry and departure. The 
card can be designed as an identity card 
with photograph and other identity in
formation. The first thing the terminal 
does is to send the card code to the 
central unit for checking that the card is 
valid. 

In the case of ordinary registrations the 
system is controlled solely by the au
thorization card, that is to say there is no 
need for manual input of data. 

In the case of a registration that deviates 
from the normal work schedule, the 
system demands an explanation from 
the employee. A text, "State code", is 
displayed and the employee can then 
use the push-button set on the terminal 
to give the cause of the deviation, so that 
it is correctly processed in CTR and later 
in the pay routine. If the employee for
gets to register, he/she will be informed 
of this the next time he/she registers. 
In this way the required information is 
obtained at source, which to a great ex-

Fig. 1 
Registration terminal 

Fig. 2 
Central unit in the computerized time recording 
system CTR 
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Fig. 4 
Some types of authorization cards 

tent eliminates subsequent correction 
work. 

When an employee with flexible working 
hours registers, his working-hour bal
ance is immediately displayed on the 
terminal. The employee can also use the 
terminal to enquire about, for example, 
his working-hour and overtime bal
ances. 

Correction terminals (the system can 
contain more than one) are used by the 
appointed department or company time 
recorder. The terminal is used to correct 
faults in the employees' time accounts 
which have occurred because the emp
loyees have forgotten to register or gi
ven the wrong codes, and to supply in
formation which the employee has been 
unable to enter, for example in the case 
of illness. 

Enquiry terminals can be used to aid the 
PABX operator. When an employee 
does not answer calls on his extension, 
the operator can feed his telephone 
number into the terminal and im
mediately obtain information regarding 
- presence or absence 
- latest registration 
- the cause of absence. 

The operator can then see whether the 
person in question is ill, away on a busi
ness trip etc., or whether he is on the 
premises and can be paged. 

The console typewriter is used for the 
- input of specific personal and com

pany data 
- printout of lists 
- listing of registrations. 

All communication with the computer is 
carried out in text en clair. The program 
successively gives instructions to the 
operator, who therefore does not need 
any knowledge of programming. 

Central function 
In addition to the requirement for a re
gistration terminal that had to be easy to 
handle there was a demand that the 
system should give the customer suffi
ciently large rationalization gains. In or
der to meet this demand CTR has been 
made completely autonomous as re
gards time recording and been equip
ped with the facility for transmitting data 
that affect wages direct to the pay 
system without any manual intervention. 

A deviation check is made for each re
gistration, that is to say the system 
checks whetherthe registration is in ac
cordance with the person's work 
schedule. (There is space for 255 differ
ent schedules.) 

Ordinary registrations are listed 
chronologically, whereas the deviations 
are stored in a secondary store, where 
they are avai lable for output on a printer. 
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At the end of a recording period the list 
of deviations is printed out, fig. 5, with 
the entries sorted according to, for 
example, cost centre and employee 
number. The printout can either be 
ordered when required or be done au
tomatically at preset times. The ordinary 
registrations can beexcluded since they 
have all been checked by the computer. 
The person in charge of the cost centre, 
or the employee, need only check the 
deviating registrations. If it is necessary 
to correct any item in the deviation list, 
this is done with the aid of a special 
routine. A correction list is then printed 
out, arranged in the same way as the de
viation list, as a check that the correc
tion has been carried out. 

This completes the actual time record
ing procedure, but CTR also offers 
another facil i ty-the transfer of data to 
the pay system. At the same time the de
viation list is printed out, the data that 
affect the wages are transferred to a 
special flexible disk store. These data 
are stored in accordance with the 
customer's specifications so that they 
can be accepted by the pay system 
computer. 

Alternatively the data can be transmitted 
in batches over a line to the main com
puter used for the pay calculations, fig. 
6. This is done by means of emulation, 
so that from the point of view of the main 
computer the CTR system functions as 
an IBM 2780 terminal. Since most main 

computers of today can communicate 
with this type of terminal, they can also 
receive data from CTR into the pay 
system. This procedure eliminates the 
manual handling of CTR disk stores. 

Entry control 
Entry control is an additional facility of
fered by the CTR system. The entry con
trol can be associated with the time re
gistration or it can be used independent
ly. The system can operate at any or both 
of the following security levels: 
1. Valid card is sufficient 
2. Valid card + personal security code 

are required. 

The security levels can be time control
led so that a terminal accepts security 
level 1 during certain periods of the 24 
hours of the day, and requires security 
level 2 during the remaining periods. 

Function of the terminal 
With security level 1 the system checks 
whether the inserted card is valid. If this 
is the case, a green light is lit, which in
dicates that the person may enter. 

With security level 2 the text "security 
code" is displayed, and the employee 
then punches his/her personal security 
code on the push-button set. Thus no
body has to remember the current sec
urity level. A green light indicates that 
the person may enter. If the code is faul
ty, a new security code is demanded. 

Fig. 5 
An example of a deviation list for an employee. 
The deviation reports are arranged chronological
ly, with the type of deviation written in text en clair 
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The console typewriter is used for the 
input and output of information in ac
cordance with the following program 
functions. 

Cards with optical coding. The size is 
150x74 mm (DIN A7). The code can 
contain up to 13 hexadecimal 
characters. 

Central function 
The entry control program includes the 
following functions: 
- division into 16 geographical zones. A 

card can only be used to enter the 
zone(s) permitted for that particular 
card. The information regarding this 
is stored centrally. 

- time control of security level 2 (indi
vidually via a time schedule for each 
person) 

- listing of all registrations 
- individually programmable security 

codes 
- alarm printouts in text en clair 
- automatic barring of a card after three 

failed attempts at entering 
- fast manual barring of cards 
- control of door locks, either from the 

terminal or from the central unit. 

Technical description of CTR 
Authorization card 
The system can work with two types of 
authorization cards: 
- Cards with magnetic coding. The size 

is85.5x54 mm (credit card size). Both 
the siz and the coding are in ac
cordance with the standards of ISO 
3554. Track 2 is used. The code can 
contain up to 20 hexadecimal 
characters. 

The layout of the cards can be designed 
to suit the customer. The magnetically 
coded card can easily be manufactured 
and coded by the customer. Each card 
can be equipped with a photograph of 
the owner, his/her signature and 
personal information. The code consists 
of a part that refers to the system, the 
system number, and a personal part, the 
card number and certain control 
characters. The number of possible 
combinations is so large (over 108) that it 
permits individual coding of all issued 
cards. 

In order for a registration to be accepted 
by the CTR program, the system number 
must be correct and the card number 
must not be barred. This is sufficient for 
pure time recording systems. In entry 
control systems, however, security is the 
main issue. In such systems it must be 
ensured that the person who registers is 
really authorized to pass that terminal 
(door) at that time. 

There is a number of authorization cards 
available on the market, which accord
ing to the manufacturers are very dif
ficult to falsify. Nevertheless it is wrong 
to rely too much on the card as the 
personal identification in a security 
system, that is to say to build the security 
into the card. It can be argued that any 

Fig. 6 
Alternative methods for transmitting data from 
CTR to the Dav system 



Fig. 7 
The front panel of the registration terminal 

card which can be made can also be 
forged. Moreovertheriskofacard being 
lost or stolen can never be ignored. A 
technically complicated card is usually 
also expensive to manufacture and can 
often only be obtained from one sup
plier. 

The aim during the development of the 
CTR system was instead to achieve the 
highest possible overall security. This is 
obtained with a simple authorization 
card together with an individual security 
code and an advanced entry control 
program. 

System parts 
The system contains a computer, a sec
ondary store, terminals and power sup
ply equipment. In certain cases distribu
tion units and modems are added. 

The computer, APN 144, contains a 16-
bit microprocessor, LSI 11, manufac
tured by Digital Equipment. The primary 
store comprises 64 k bytes. The compu
ter has 16 serial inputs for the connec
tion of terminals. 

A special input enables the system clock 
to be synchronized with minute pulses 
from an external main clock. 

The secondary store can be either a disk 
store of 5 M bytes or a flexible disk store 
of 2x256 k bytes. The type of store cho
sen depends on how many people are to 
be served by the system and also the ex
tent of the program. 

A cassette tape station is used as a pro
gram standby in systems with a disk 
store. It is connected to the computer via 
a serial input. 

Additional secondary stores can be 
connected in when special program 
functions are required, for example the 
listing of registrations in a disk store or 
the storing of data for pay calculations. 

The registration terminal, fig. 6, contains 
a card reader for magnetically or optical
ly coded cards. It also includes a push
button set with 12 buttons for entering 
deviation and security codes. The con
trol panel also contains a digit indicator 
for seven digits. The digits are shown by 
7-segment light emitting diode units. 
The indicator is used to display the bal
ance of flexible working hours or over
time, deviation codes etc. A number of 
indicator lamps with text panels provide 
information and instructions for the 
employee during the registration. 

The unit cover used for the registration 
terminal is also used for correction 
terminals and enquiry terminals, but the 
two latter terminals do not contain card 
readers. Their push-button sets contain 
14 buttons and the text panels for the 
indicator lights have different texts. 

All terminals have a modular structure 
and contain mainly the same units. The 
type of terminal and function can easily 
be changed, which simplifies servicing 
and the stocking of spares. The follow
ing variants can be obtained by chang
ing the control panel: 
- Registration terminal with a magnetic 

card reader, for time recording and 
entry control 

- Registration terminal with an optical 
card reader, for time recording and 
entry control 

- Correction terminal and enquiry 
terminal. 

A typewriter terminal, console typewri
ter, with a speed of 30 characters per 
second is used in systems for up to 600 
people. In larger systems a terminal with 
a speed of 180 characters/s is used. 

A distribution unit is used when more 
than one terminal is to be connected to 
one and the same serial input in the 
computer. It permits multipoint connec
tion of 8 terminals, but two or more dis
tribution units can be connected in 
series to one line, which enables up to 
16 terminals to be connected to that line. 
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Technical data 
Central unit 
Capacity 

Computer 

Secondary 
store 

Environmental 
requirements 

50 terminals. 2000 people 
(with only entry control: 
5000 people) 

APN 144, word length 16 bits, 
primary store 64 k bytes 

Disk store tor 5 M bytes or 
flexible disk store for 
2x256 kbytes 

+ 15° C to +25° C ambient 
temperature. 20 — 80% relative 
humidity 

Power supply 220 V AC, 400 - 800 W depend
ing on the equipping 

Standby Minimum 90 minutes 
battery (only the computer) 

Cabinet 1300<800x600 mm (not 
including the power supply) 

Terminals 
(Registration, correction and enquiry terminals) 
Input/output Card reader for magnetically 

or optically coded authoriza
tion cards, push-button set, 
7-segment digit indicators, 
illuminated text panels 

Communi
cation 

Interfaces 

Signalling 
wires 

150,300,600, 1200, 2400, 
4800 or 9600 bauds, asyn
chronously with ASCII code 

V11, RS422 
V24, RS 232 C 
20 mA current loop 

4-wire 

Environmental - 15 ° C to +40° C ambient 
requirements 

Power supply 

Dimensions 

temperature. 20 -80 % relative 
humidity 

24 V AC, 25 W 

408y 266x162 mm (maximum 
dimensions 

protection circuits for each terminal 
line. The function of the other terminals 
will not be affected if a fault occurs on a 
line or in a terminal. 

Modems can be used when the length of 
line between the units exceeds 1200 m. 
They can be connected in anywhere 
along the signal path between the com
puter and the terminal. 

The power supply equipment for the 
computer contains standby batteries, 
which in the standard version are suffi
cient for approximately 90 minutes of 
operation. The other units are powered 
from the mains. If desired, the whole 
system can be provided with interrup
tion-free power supply, which may be 
justified in entry control systems. 

Communication between the computer 
and the terminals 
The terminals can be either unpolled or 
polled. 
- An unpolled terminal has its own seri

al input to the computer. This means 
that when the terminal has a message 
ready to send, for example concern
ing a registration, it issent immediate
ly, after which the computer takes ca
re of it via its interrupt routines. In the 
same way any messages to the termi
nal are dispatched without delay. The 
advantage of this method is that the 
answering times are short, but it requ
ires that each terminal is connected to 
a separate input in the computer. 

- A polled terminal can share a serial 
input with up to 15 other (polled) ter
minals at the expense of the answer
ing times. The computer must then 
ask each terminal in turn (the termi
nals have individual addresses) 
whether it has a message to send. 
When a terminal and the computer 
exchange data, all other terminals on 
the same line have to wait. The advan
tage of polled terminals lies on the in
stallation side. For example, the num
ber of expensive modem lines can be 
reduced. In addition the number of 
terminals in the system can be increa
sed above the number of available in
puts. The terminals are connected to 
the computer via the distribution unit, 
in the multipoint mode. 

Unpolled and polled terminals can be 
mixed as desired in the CTR system. 

When the system is taken into service 
the program automatically determines 
whether a terminal is unpolled or polled, 
and in the latter case records its add
ress. The computer can at any time be 
commanded to print out a table showing 
the current state of the system. It is then 
very easy to check that all terminals 
function correctly. Even if terminals are 
disconnected or develop a fault when in 
operation, the function of the system 
will not be affected in other respects. 

The signal transmission between the 
central unit and the terminals is carried 
out in a serial asynchronous mode with 
ASCII code. Fourwiresareused.The ba
lanced interface V11 (RS 422) is normal
ly used, since it has much better electri
cal characteristics than the 20 mA cur
rent loop, which is still common in other 
applications. For example, V11 permits 
a line length of 1200 m between units 
over the whole speed range used. How
ever, V24 (RS 232 C) is used when mo
dems are to be connected. 

In order to detect whether the signals 
are distored by interference on the line, 
each message is checked by the re
ceiving unit as regards format and 
character parity. The transmitting unit 
expects an acknowledgement of each 
message and will repeat the latest trans
mission until the receiving unit has 
apprehended and acknowledged it. 

Summary 
CTR is a time recording system which 
meets modern demands for rationaliza
tion and flexibility. It also offers entry 
control,which can operate either in con
junction with the time recording or enti
rely independently. 

The registration routines are very simple 
and all lists and messages to the opera
tor are written out in text en clair. 

The system carries out all calculations 
of balances concerning flexible working 
hours, overtime etc. and it can also pro
vide data for pay calculations and per
sonnel statistics. 

The modular structure of both software 
and hardware makes the system extre
mely adaptable. It covers a wide range 
both as regards the size of the work for
ce and the desired program functions. 

ERI 



Choice of Monolithic Technique 

Per Bengtsson, Klas-Hakan Eklund and Erik Nystrom 

RIFA's industrial activities include the design and manufacture of integrated 
circuits in monolithic techniques. This article compares the various monolithic 
techniques and their suitability for telecommunication applications. Subsequent 
articles will discuss RIFA's resources and the methods used for designing and 
manufacturing different types of monolithic circuits. 

Bipolar circuits 
Most bipolar circuits are manufactured 
using a technique called SBC (Standard 
Buried Collector). The structure of such 
a circuit is described in fact panel no. 1 
at the end of the article. 

UDC 621 3.049.774 

Fig. 1 
Monolithic design techniques mean that large, 
expensive components, such as coils and preci
sion capacitors, are replaced by cheaper and 
smaller monolithic circuits. The pictures show a 
DTMF generator (the outlined parts) tor DIA VOX in 
the old (left) and new (right) techniques 

During the 1960s and 1970s the rate of 
development within the field of 
semiconductor technology was very 
rapid and led to the very advanced in
tegrated circuits in monolithic techni
ques that are available today. The 
circuits can be divided into two 
categories; bipolar circuits with both 
holes and electrons as the carriers of 
charges, and unipolar MOS (Metal Ox
ide Semiconductor) circuits with either 
holes or electrons as the charge car
riers. 

In a previous, general article on RIFA 
(E. R. 1/80) the manufacturing process 
for integrated circuits was described in 
broad outline, i.e. how dopants are in
troduced in the monocrystalline silicon 
wafer and affect the electrical conduc
tivity of different parts of the wafer, 
which then form the base, emitter or 
collector of one of the many semicon
ductor elements. A more detailed de
scription of the actual manufacturing 
process will be given in a later article. In 
this article some of the types of circuits 
that can be produced using monolithic 
techniques will be described. 

The types of components manufactured 
in bipolar technique are diodes, npn 
transistors, slow pnp transistors, re
sistors, ion implanted precision re
sistors, field effect transistors (JFET) 
and Schottky diodes. 

Many different circuits can be man
ufactured in bipolar technique, e.g. 
analog circuits with good performance, 
circuits for high voltages, circuits which 
tolerate high currents and digital 
circuits. Digital functions can also be 
combined with analog functions in the 
same circuit, which is very useful for ap
plications in the telecommunications 
field. The digital functions can be made 
very fast using Schottky technique, fact 
panel no. 2, and a very high packing 
density can be obtained with l2L (In
tegrated Injection Logic) technique, fact 
panel no. 3. 

MOS circuits 
MOS (Metal Oxide Semiconductor) 
circuits are mainly of three types, n-
MOS, p-MOS and CMOS (Com
plementary MOS). The manufacturing 
method for n-MOS and p-MOS is de-
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scribed in fact panel no. 4 and the 
method for CMOS in fact panel no. 5. 

Unlike the bipolar transistors, MOS 
transistors do not need any space-de
manding insulation barriers between 
the individual components. The col
lector is reverse biassed in relation to 
the substrate, which makes the compo
nent self insulating. MOS circuits can 
therefore be packed more densely than 
most bipolar circuits, with the exception 
of l2L circuits, which have the same high 
packing density. 

n-MOS circuits have better performance 
than p-MOS, and hence the n-MOS 
technique has become predominant. At 
present n-MOS technique is probably 
the most effective one for digital func
tions, especially for complex circuits 
which require high packing density, and 
for large manufacturing volumes. 

In CMOS technique n-MOS and p-MOS 
transistor functions are combined. The 
main advantage of CMOS is the low 
power consumption with a low usage 
rate. The circuits draw very little power 
when idle, since it is only the changeo-
vers that require power. This feature 
makes these circuits particularly attrac

tive for telecommunication equipment 
that is power fed via telephone lines. 

CMOS technique is increasingly being 
used in applications with mixed digital 
and analog functions. CMOS has better 
packing density and performance than 
n-MOS for such applications. 

The limitations of different 
monolithic techniques 
The possibility of manufacturing very 
complex circuits in monolithic techni
que, i.e. circuits with more than 1000 
circuit functions, so-called LSI (Large 
Scale Integration) circuits, is limited 
primarily by three factors, namely the 
circuit surface area, power dissipation 
and desired performance. 

Circuit surface area 
Each individual element in a complex 
circuit must be as small as possible, 
otherwise the area of the circuit be
comes impossibly large. Miniaturisation 
is not an end in itself. It affects the yield 
of the manufacture. A large circuit not 
only gives fewer circuits per silicon 
wafer but also a lower percentage of 
faultfree circuits. A reasonable basis for 
a comparison between different techni-

Fig. 2 
Some integrated elements in bipolar technique 

1. npn transistors 
2. pnp transistors, lateral 
3. JFET (field effect transistor) 
4. Darlington transistor with an emitter resistance, 150 mA 
5. Rectifier diode, 150 mA 
6. Capacitor. 10 pF 
7 n» 



Table 1 
The limitations of present-day LSI techniques 

TTL-LS(MSI) 
ECL(MSI) 
Low voltage LS 
Simple l2L 
Advanced l2L 
n-MOS 
Advanced n-MOS 
CMOS 

Advanced CMOS 

Delay 

(ns) 

5 
2 
2 

50 
10 
40 
15 
30 

10 

Power 
per 

gate 
(mW) 

1 
2 
0.3 
0.02 
0.05 
0.2 
0.1 
0 

(static) 
0 

(static) 

Power 
delay 

product 
(pJ) 

5 
4 
0.6 
1 
0.5 
8 
1.5 

— 

Packing 
density 
(gates/ 
mm2) 

30 
30 
60 

100 
200 
100 
200 
50 

150 

Max. number 
of gates 
per chip 

500 
250 

1500 
2500 
5000 
2500 
5000 
2500 

7500 

Power 
per 
chip 
(W) 

0.5 
0.5 
0.5 
0.05 
0.25 
0.5 
0.5 

~ 

Size 
of 

chip 
(mm2) 

17 
8 

25 
25 
25 
25 
25 
50 

50 

LSI 
limita

tion 

Power 
Power 
Power 
Size 
Size 
Power 
Power 
Size 

Size 

ques is obtained if it is assumed that the 
maximum circuit area is 25 mm2 for 
bipolar circuits and 50 mm2 for MOS 
circuits. The miniaturisation also affects 
the performance. 

Power dissipation 
Each element must develop as little 
power as possible in order that the total 
power shall not be too high. A simple 
package can be allowed 0.5 to 1.0 W 
without extra cooling being necessary. 
This often has the result that the pos
sibilities of making a circuit in a certain 
technique are limited not by the packing 
density but by the power. Higher power 
can of course be allowed for unique 
circuits. In other circuits the power dis
sipation mustbelimited to values far be
low those given above. This is the case 
in circuits for telephone sets, which it 
must be possible to power feed over long 
lines. 

Performance 
The performance of a digital circuit is de
pendent on the power required per ele
ment and the delay contributed by each 
element. When comparing different 

circuit techniques it is better to use 
gates as the element of comparison in
stead of transistors, since different 
techniques use different numbers of 
transistors per gate function. In com
parisons a factor of merit is often used 
that is called the power delay product, 
which is the product of the power per 
gate and the delay per gate. 

In table 1 the characteristics and possi
ble degree of complexity of some tech
niques have been compiled. As can be 
seen from the table, the limitations of 
power are often more serious than the 
limitations of packing density. The given 
values apply for the highly developed 
techniques of today. 

The power delay product is the limiting 
factor for any particular technique, 
whereas the given values for power and 
delay can be modified. If the speed re
quirement for a certain technique can 
be waived, it is possible, within certain 
limits, to reduce the power. A more 
complex circuit can then be made in that 
particular technique if the power is the 
limiting factor. 

Fig. 3 
A close-up of the chip for the DTMF generator in 
fig. 1. In bipolar technique complex digital parts 
in l2L technique © c a n be combined with digi
tal/analog converters and linear amplifiers© 



LSI 
tech
nique 

PL 

n-MOS 

CMOS 

Linear 
functions, 
e.g. op. amp 

Yes (high 
perfor
mance) 

Yes (normal 
perfor
mance) 

Yes (normal 
perfor
mance) 

High 
voltages 

.BV&60V 

Yes (worse
ning logic 
perfor
mance) 

No 

No 

High 
currents 
13=100 mA 

Yes 

No 

No 

67 

Table 2 
Digital techniques. Compatability with linear func
tions, high voltages and high currents 

Fig. 4 
Switching circuit used on the AXE analog switch
ing circuit boards. The use of monolithic circuits, 
such as bus-connected relay drivers, reduces the 
number of contacts and also the cost 

In the table the power given for CMOS 
circuits is zero. This needs an explana
t ion. The CMOS gate requires only 
negligible power in the static state, but it 
draws power dur ing the moment of 
switching. A CMOS circuit therefore de
velops a loss power that is directly pro
port ional to the rate of use. With a 
system clock frequency of 1 MHz, and if 
approximately 25 % of the gates switch 
at each clock pulse, the mean power 
dissipation can be assumed to be 10 — 
30 nW per gate. At 10 MHz the power 
dissipation in CMOS is comparable to 
that of n-MOS and low power Schottky 
circuits with small voltage swing. CMOS 
technique is wholly superior as regards 
low power consumpt ion and speed on 
condi t ion that it has a low rate of use. 

Table 1 shows that n-MOS, CMOS and 
l2L are the techniques that are most 
suitable for LSI circuits. Each of them 
covers several appl ication fields. All 
three are likely to develop towards high
er packing density and lower developed 
power per gate, along with the cont inu
ing development of manufactur ing 
technique. The development wil l possi
bly favour MOS technique since it is l ike
ly that bipolar technique wil l encounter 
l imitations at an earlier stage. 

Choice of technique for 
different telecommunication 
applications 
A circuit funct ion can often be produced 

with satisfactory results in any one of 
several techniques. In certain cases the 
choice of technique is obvious. For 
circuits with purely digital funct ions n-
MOS is the natural choice if the circui t is 
to be manufactured in large quantit ies 
and if the power dissipation does not 
have to be severely restricted. On the 
other hand, if low power consumpt ion is 
a requirement, CMOS is the natural 
choice. 

At present, analog funct ions with a 
high-level performance can only be 
obtained using b ipolar technique. When 
high voltage tolerance and high current 
driving capabil ity are required, bipolar 
technique is also the natural choice. 

The problems arise when digital and 
analog funct ions are to be combined in 
one and the same circuit, a combinat ion 
which is common in the te lecommuni 
cations f ield. The greater the part of the 
system to be included in the circuit , the 
greater the problems. In table 2 the use
fulness of the three LSI techniques is 
summarised as regards digital func
tions, analog funct ions, high voltages 
and high currents. The table shows that 
only l2L meets all the demands in the ta
ble, but the performance of digital 
circuits is reduced at high voltages. As 
yet there is no optimal technique for dif
ficult appl icat ions. This is i l lustrated by 
the fact that different manufacturers 
who have designed encoders and de
coders for PCM (CODEC) have used n-
MOS as well as CMOS and l2L. 

Fig. 5 
The designer uses microprobes and a microscope 
to measure on the chip and analyze the operation 

' " 



It is likely that technical development 
wil l cont inue and eventually provide 
solut ions to these problems. The so lu
t ions may mean that MOS and bipolar 
technique wil l be combined, that there 
will be a further development of l2L or 
that new technique variants wil l be de
veloped that meet all demands. It is 
clearly the te lecommunicat ion appl ica
tions which encourage this develop
ment because of the demands they 
make both as regardsfunct ion and large 
product ion quantit ies. 

The techniques chosen 
by RIFA 
The choices made by RIFA as regards 
monol i thic techniques and the com
pany's own development work have to a 
great extent been dictated by the need 
of the telecommunicat ion industry for 
customer-tai lored solutions. The first 
generation of electronic telephone ex
changes had a computer with a memory 
for the control funct ion, and reed relay 
matrices for the switching funct ion. The 
computer could be built using standard 
circuits, but the circuits for interfaces 
towards the switching equipment and 
the lines had to be made in a different 
way. What was required was a technique 
that could convert the fast, low-level 
computer signals to the high driving 
currents required by the relays. 
Moreover, adaptation to circuits driven 
from a 48 V battery voltage was also re
quired. The solut ion was bipolar techni
que, further developed to tolerate high 
voltages. A number of circuits were de
veloped, simple driving stages for relays 
with or wi thout memory funct ion, 
circuits for the selection of devices, bus 
connected driving stages for relays and 
high-voltage comparators. Analog cir
cuits with high-level performance were 
required for transmission funct ions. In 
this case also, bipolar circuits were the 
natural choice. A number of transmis
sion circuits were developed, for exam
ple for telephone sets, where field effect 
transistors (JFET) were used as the amp
lifier element for electret microphones. 
The bipolar process technique was 
combined with LS technique for fast d i 

gital funct ions. In 1972 the development 
of l2L technique made possible a higher 
packing density for digital circuits. 

The two tone osci l lator for push-button 
telephones, figs. 1 and 3, is a good 
example of how several techniques are 
util ized to design a circuit. Other exam
ples of c i rcui t designs in bipolar techni
que wil l be described in more detail in a 
subsequent article. 

A number of compat ib le techniques are 
now available to RIFA, so that it is possi
ble to manufacture integrated circuits 
where one and the same circuit can con
tain: 
- fast digital funct ions in LS technique 
- densely packed digital elements in l2L 

technique 
- analog precision funct ions with ion 

implanted resistors 
- ampli f iers with high impedance in

puts wi th JFET 
- driving stages for high currents 
- power transistors 
- f i l ters 
- capacitors. 

With bipolar technique the fol lowing ex
treme values can be obtained for differ
ent characterist ics, even if it is not al
ways possible to combine them in the 
same circuit : 
- breakdown voltages up to 130 V 
- currents up to 1 A 
- absolute resistance tolerances of 

± 2 % 
- relative resistance tolerances of 

± 0 . 2 % 
- packing densities of up to 200 gates 

per mm 2 wi th l2L 
- clock frequencies up to 20 MHz with 

LS. 

The developments wi th in the telecom
municat ions field indicate that more and 
more problems wil l eventually be solved 
using digital methods. As has been 
ment ioned above, in many cases n-MOS 
circuits are more suitable for purely digi
tal funct ions that bipolar circuits. For 
this reason the range of techniques in 
use wi th in RIFA wil l in 1980 be extended 
to include MOS technique. 
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Fig. 6 
The originals of the various masks, enlarged 100 
times, are used to check the geometry of the ele
ments and the alignment of the different layers 



Fact panel 1 
Bipolar circuits 
The manufacture of bipolar circuits starts 
with discs of p-type silicon, 1. The surface 
of the disc (or wafer) is oxidized and holes 
are etched in the oxide in the places where 
the buried collectors are to be placed, 2. 
The low-ohmic n-type collectors are 
formed by means of diffusion. The next 
step in the manufacture is coating with an 
epitaxial layer of high-omic n-type silicon, 
3. The layer is monocrystalline and is al
lowed to grow over the whole wafer to the 
desired thickness. The wafer is then ox
idized again, and in this oxide layer holes 
are etched for the insulation barriers be
tween the various semiconductor ele
ments, 4. These barriers, low-ohmic p-type, 
are also diffused and form frames round 
each component. The n-type collector, 2 
and 3, of each intended npn transistor is 
surrounded by p-type silicon, 1 and 4. 1 and 
4 will afterwards be connected to the high
est negative potential in the circuit, which 
will ensure that the components in the 
circuit are electrically insulated from each 
other. When this step is completed, the 
whole surface is again covered with oxide 
and holes are etched for the base areas of 
the npn transistors and for connection 
points to ion implanted resistors, 5. Diffu
sion through these holes gives areas with 
relatively low-ohmic p-type silicon. In this 

diffusion stage it is also possible to form the 
emitters and collectors of lateral pnp tran
sistors, and resistance loops that are made 
simply by means of base diffusion. The 
base diffusion is followed by the emitter dif
fusion, which gives low-ohmic n-type 
areas, 6. The oxide layer is then restored 
and holes are etched for the ion implanted 
resistors, 7. The wafer is exposed to an ion 
ray of a p-type dopant and is then heat 
treated in an oxidizing atmosphere so that 
the whole surface is again covered with ox
ide. Contact holes are etched for the con
nections to the components and the wafer 
is covered with a thin metal film, usually 
aluminium, in which the wiring pattern is 
etched. 

The buried collector, 2, gives the npn tran
sistors a low collector resistance. The thick
ness and resistivity of the epitaxial layer can 
be chosen to suit different types of circuits. 
Typical values for the thickness are in the 
range 3 to 20 \im and for the resistivity in the 
range 0.2 to 5 ohm cm. The characteris
tics of the epitaxial layer determine the 
breakdown voltages of the transistors, 
stray capacitances, the life of the charge 
carriers, the amplification of lateral pnp 
transistors and the inverse amplification of 
npn transistors. The last of these paramet
ers is important for l2L applications, where 
the function of the transistors is inverted. 

Fact panel 2 
Schottky circuits 
The Schottky diode is a component that is 
increasingly being used in bipolar circuits. 
It is a metal semiconductor diode which has 
a lower voltage drop in the forward direc
tion than a diode that consists of a pn junc
tion in silicon. Above all, by placing a 
Schottky diode in parallel with the collector 
base diode of an npn transistor, the turn-off 
of the transistor is speeded up. During 
manufacture the metallization process for 
the wiring pattern is slightly more compli
cated if Schottky diodes are included in the 
circuit. 

This technique is used for Schottky trans
istor-transistor-logic circuits, TTL-S, and 
the corresponding low power circuits, 
TTL-LS. With Schottky technique for low 
voltages, where the logic voltage swing is 
as little as 200-300 mV, very fast digital 
circuits can be obtained, which develop re
latively low loss power and which can be 
packed fairly closely on the wafer, table 1. 
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Fact panel 3 
I2L circuits 
l2L c i rcui ts are inverted npn transistors. The 
col lector and the emitter have changed 
funct ion. The base is used as the input and 
the co l lector as the output. For each input 
there are normal ly several outputs which 
are electr ical ly insulated f rom each other. 
Logic cond i t ions are obtained by connect
ing together the relevant outputs. Outputs 
f rom one and the same transistor can form 
part of di f ferent logic condi t ions. The t ran
sistors are driven via a lateral pnp structure. 
A hole current goes f rom injectors (p) via 
the epitaxial layer (n) to the bases (p) of the 
transistors. The driving is h igh-ohmic. The 
f igure shows three l2L transistors in the 

same insulated n-type area. Normally sev
eral hundred transistors can be placed in 
the same area. Space-demanding insula
t ion barriers are only required for insulat ing 
the l2L part f rom the other circui ts on the 
chip. The l2L circui t can also contain nor
mal npn transistors, to the left in the f igure, 
pnp transistors and resistors for analog 
funct ions. In addi t ion the circui t can c o n 
tain elements for fast logic funct ions, such 
as emi t ter -coupled logic, ECL, or TTL-LS. 
The f igure shows how, by means of extra 
deep di f fus ion, low-ohmic n-type areas 
have been created which reduce the co l 
lector resistance of the npn transistors and 
which screen the l2L transistors f rom each 
other. The l2L technique permits a very high 
packing density. 

Fact panel 5 
CMOS circuits 
CMOS circui ts contain both p^MOS and 
n-MOS transistors. The substrate used is 
normally of n-type. p-MOS transistors are 
made in the way described in fact panel 
no. 4. n-MOS transistors are obtained by 
means of an init ial dif fusion of a dopant so 
that a p-well is formed. 

The advantage of CMOS circui ts is that n-
MOS and p-MOS transistors can be com
bined in pairs to form circui ts in ac
cordance wi th f ig. 14. The inverter shown 
there draws current only when changing 
over between the two states that the circuit 
can take up. If the circui t is used relatively 
infrequently it wi l l consume very little pow
er. 

Fact panel 4 
MOS circuits 
The f igure shows a cross sect ion of a p-
MOS transistor and also the symbol for 
such a transistor. It is bui l t up on an n-type 
si l icon substrate. The areas that are to be 
source and drain are subjected to diffusion 
wi th p-type dopants. The gate, which is 
made of conduc t ing material, is insulated 
f rom the substrate by a thin layer of sil icon 
dioxide. By put t ing a voltage across the 
gate that is negative in relation to the sub
strate, the conductance of the area under 
the gate is changed f rom n-type to p-type, 
thusenab l ing current to f low f rom thedrain 
to the source, and the transistor becomes 
conduct ing . The changeover to the con
duct ing state always takes place at a certain 
threshold voltage. MOS circui ts are there
fore voltage contro l led, whereas the previ
ously descr ibed circui ts are current con
t ro l led. 

If instead a p-type substrate is used and the 
source and drain areas are doped with an 
n-type dopant, an n-MOS transistor is 
obtained. It wi l l become conduct ing at a 
certain posit ive voltage. 
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ELLEMTEL, 10 Years Old 

Erik J. Eriksen 

April 24, 1980, was a red-letter day for the ELLEMTEL Development Company. 
Exactly ten years earlier the Swedish Telecommunications Administration and LM 
Ericsson had made the agreement to form the company. ELLEMTEL was to be a 
jointly owned development company for advanced development and design work 
in the field of telecommunications. 

When ELLEMTEL was formed, the 
Swedish Telecommunications Adminis
tration and LM Ericsson were faced with 
the task of introducing telephone ex
change systems that utilized new tech
nology.The development in the semi
conductor field was rapid. New in
tegrated circuits were continually being 
introduced. The price/performance 
ratio for these circuits was decreasing 
steadily. This development clearly indi
cated that the electromechanical tele
phone switching systems would soon be 
superseded by completely electronic 
systems. Stored program control had 
successfully been introduced for large 
trunk exchanges of type AKE. The intro
duction of stored progam control in loc
al exchanges would necessitate further 
development in orderto achieve rational 
handling when the number of ex
changes multiplied. 

ERIK J. ERIKSEN 
President 
ELLEMTEL 

In ELLEMTEL selected staff from the 
two owner companies could be brought 
together to form a development organi
zation that was powerful enough to car
ry out the necessary renewal of the pro
duct range. 

The development of tele
phone exchange system AXE 
In the field of telephone exchanges the 
development work resulted in the new 
well-known exchange system AXE. The 
introduction of system AXE on the mar
ket has been exeptionally fast. Since the 
first exchange of 3000 lines was put in 
operation in Sodertalje (central Swe
den) in March 1977 the system, whose 
technical characteristics are rated very 
highly has had a number of successes in 
the international market. Hitherto 22 
countries have ordered a total of around 
2 million local exchange lines. The de
velopment of system AXE has been 
ELLEMTEL's most important undertak
ing, since from the point of view of 
cost the telephone exchange equipment 
is dominant in the telephone networks. 
However, important and in many cases 
pioneering development work has also 
been carried out in the field of telex and 
data networks, as well as on subscriber 
equipment. 



Telex 
In August 1977 the first fully electronic 
telex exchange, system AXB 20, was 
taken into service in Malmo in south 
Sweden. The same processor is used in 
AXB 20 and AXE. The Malmo telex ex
change was the first exchange designed 
by ELLEMTEL where time mult ip lexing 
was used in the switching network. A 
complete product range for telex has 
now been developed, with for example 
mult iplexors, manual operator posit ions 
and facil it ies for message switching. 

Nordic data network 
ELLEMTEL is now in the process of 
complet ing a large development project 
with the testing of the Nordic data 
network. Delivery of the first stage wil l 
take place soon. The network is of a 
completely new type. It was therefore 
possible to design all the network com
ponents, terminal equipments, mul t i 
plexors, concentrators and exchanges 
on the basis of digital technology 
throughout. The work on the data 
network has provided valuable experi
ence, which wil l be useful for further de
velopment in the telephony field. 

Subscriber equipment 
Stored progam control led PABXs with 
space-division switching networks have 
been developed. ASD 551 uses reed re
lays and ASB 100 thyristors as the 
switching element. The development 
and design of a new standard telephone 
set, DIAVOX 100, also took place within 
the f ramework of the ELLEMTEL coop
eration. An office communicat ion 
system, DIAVOX 824, has also been de
veloped. The system is stored program 
control led and consists of a central unit 
and extension sets with the DIAVOX 
case. 

Conclusion 
A look back over these ten years shows 
that ELLEMTEL has greatly contributed 
to a renewal of the products in many 
fields and has vitalised the development 
activities. In the light of today' s 
knowledge the decision by the Swedish 
Telecommunicat ions Administration 
and LM Ericsson to form ELLEMTEL 
shows great foresight. 
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