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Power Units and Power Distribution in 
the BYB Construction Practice 

Christer Boije af Gennas and Ingemar Webrell 

BYB is a mechanical construction practice for electronic equipment that Is 
mounted on printed boards. BYB was originally developed for public telephone 
exchanges, but it is also eminently suitable for PBXs, transmission equipment 
and other communication equipment, as well as electronic equipment in general. 
In order to be complete, a mechanical construction practice for electronics must 
also comprise methods and equipment for power feeding. When designing BYB 
great attention was therefore paid to power units and power distribution. In this 
article the basic guidelines for power feeding are discussed, and the basic range 
of power equipments and their general design are described. 

UDC 621.311.47 
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Fig. 1, left 
Older construction practice with common power 
units for all units (electronic apparatus) in the 
rack 

Fig. 2, right 
BYB magazines with their own power units (to the 
right). Each magazine contains a d.c./d.c. con
verter for local feeding. The system voltage, 48 V, 
is fed through a bus cable that is branched and 
fused with a T-connector in each branching point 

Earlier construction practices for elec
tronic equipment have been based on 
construction practices for electro
mechanical equipment. The relay sets 
were replaced by electronic units for 
printed board assemblies. The cabling 
was still associated with the rack, fig. 1. 

In the BYB construction practice1 the 
cabling is entirely dissociated from the 
mechanical parts and the rack has been 
replaced by shelves, which permit ar
bitrary placing of magazines for printed 
board assemblies. This has made it pos
sible to build up electronic systems of 
functional modules throughout. Tele
phone exchange system AXE 10 is a 
good example of a modular system. 

In previous construction practices the 
power equipments have usually been 
assembled in one place in the rack, from 

where the power has been distributed 
via generously dimensioned conduc
tors to function units placed in elec
tronic sets. This layout was natural in 
systems where the rack formed the ex
tension unit. 

The extension unit in BYB is the maga
zine, fig. 2. It is available in 8 sizes, and 
thus each function unit can be given a 
magazine of its own. The magazines are 
delivered fully equipped, including a 
power unit The power distribution can 
therefore easily be adapted to the sys
tem structure. This makes for a struc
ture that is easy to handle at all stages, 
such as manufacture, delivery, installa
tion, project planning, operation and 
maintenance. In this way the power dis
tribution is also well suited for the struc
tural features that are desirable from the 
point of view of reliability. 

Uninterrupted power 
The electronic systems for which the 
BYB construction practice is primarily 
intended require power feeding that is 
free from interruptions. The simplest 
and safest way of achieving this is to use 
some form of battery back-up. The bat
tery is usually placed centrally and 
provides a system voltage that is either 
distributed straight to d.c./d.c. convert-
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Fig. 3 
Uninterruptible power feeding. 
a. Electronic equipment which has been designed 

with the option of uninterruptible operation and 
with functional modularity. It the equipment is 
small, the battery can be placed in the equip
ment. 

b. Electronic equipment which has not initially 
been designed for uninterruptible operation. A 
converter, battery and inverter must be added 
to obtain uninterruptible feeding 

ers or is converted by inverters for a.c. 
feeding, fig. 3. 

Both methods can be used in the BYB 
construction practice, but the d.c. feed
ing method is commonly used. It is more 
cost-effective because of its higher 
overall efficiency and smaller batteries. 
In addition it gives higher reliability sin
ce it has a simpler structure and allows 
the introduction of redundancy by 
means of parallel coupling. 

Inverters are used, for example, to 
provide uninterrupted feeding of units 
intended for a.c. feeding, such as I/O 

devices and fans. However, fans are 
rarely used since the construction prac
tice provides satisfactory cooling by 
means of natural convection. 

Inverters are also used in equipment 
that is normally intended to operate 
without standby batteries in the rare 
cases where uninterrupted feeding is re
quired. 

Knock-out units 
In BYB associated magazines can be 
placed together horizontally in a shelf or 
vertically in several shelves, fig. 2. Each 
magazine can contain one or several 
function units. The units can be depen
dent on each other or independent with 
respect to the system functions con
cerned. From the point of view of re
liability the function units can be 
grouped in knock-out units. A knock
out unit consists of a number of interde
pendent units and is the largest unit that 
may be affected by a single fault. 

A fault in a knock-out unit must not be 
propagated to other knock-out units. 
However, a fault in a function unit may 
interfere with the function of other units 
in the same knock-out unit. 

The required immunity against inter
ference is obtained by placing the 
power units in the function units and by 
individual distribution of the system 
voltage to the knock-out units, fig 4. 

The distribution and earthing of the 
power supply have been described in 
detail in a previous issue of Ericsson 
Review2. It describes how each knock
out unit has "high-ohmic" connection 
to the primary power source. A high-
ohmic connection means basically that 
the resistance of each distribution cable 
is at least ten times that of the voltage 
source. The earthing is constructed so 
that it forms a fine-mesh network with 
very low impedance. Thus a short circuit 
in a knock-out unit cannot interfere with 
other units via the common voltage 
source or earth. 

Like all other cabling in BYB the power 
cabling is independent of the load-car
rying mechanical parts in the con
struction practice. The power cabling is 
installed after the shelves have been 
erected. 
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Fig. 4 
The basic principles of the power distribution in 
BYB. One or more magazines form a knock-out 
unit, which is fed via a fuse in the distribution 
rack. The power units in the magazines are 
protected by a fuse in a connector, fig. 5 

Distribution in BYB 101 
BYB 101 is the variant of the con
struct ion practice that is primari ly used 
for large systems. The power distr ibu
tion consists of external d istr ibut ion to 
and between the magazines, and also 
internal d istr ibut ion wi th in the maga
zines. 

Fig. 5 
Connector with fuse 

External distribution 
The external d is t r ibut ion consists pri
marily of the dist r ibut ion of a centrally 
generated system voltage, usually - 4 8 
V. In special cases it also includes the 
distr ibut ion of voltages for electronic 
components, so-called electronic volt
ages. 

Fig. 2 shows BYB magazines fed with 48 
V via a power bus, w i th fuses placed in 
the connectors at the branching points, 
f ig. 5. The power bus method has sever
al advantages. The number of wires in 
the shelves is reduced to a min imum, 
which simplif ies instal lat ion. The fuses 
are placed near the powered units, 
which almost completely el iminates the 
risk of making mistakes when changing 
fuses. Furthermore this distr ibut ion 
method does not take up magazine 
space. 

Internal distribution 
The internal d istr ibut ion can comprise 
both electronic voltages and the system 
voltage. Bars are used for the distr ibu
t ion f rom the converters to the printed 
board assemblies. The magazines can 
be equipped with up to four packages, 
each consist ing of two bars. The bars 
are connected to the converters via 
printed boards and to the printed board 
assemblies via wire straps. In certain 
cases, where only small converters are 
used, the dist r ibut ion can be done en
tirely with wired connect ions. 

There are two types of earth distr ibut ion 
used in older magazines. When a signal 
earth plane in the form of copper foil is 
used, it is also used for the earth dis
t r ibut ion. In magazines wi thout any 
earth plane the earth d ist r ibut ion is car
ried out via bars paired with voltage 
bars. 

A general earthing method is used for 
the latest version of magazines which 
have a back plane made of a luminium 
In this version the printed board assem
blies are p lugged into connectors hav
ing a middle row of eight pins that are 
directly connected to the earth plane. If 
the earth is required somewhere else, 
connect ion can be made to these pins 
using wrapped joints. Fig. 6 shows an 
aluminium back plane wi th bar feeding 
and a printed board for connect ing the 
converters to the bars. The signal l ina 



Fig. 6 

Aluminium back plane with feeding via bars, and 
8 pins per prin ted board assembly for earthing 

connectors are constructed with eight 
earth pins per connector. 

Several of the converters have a floating 
output, and the polarity can thus be 
chosen by earthing one or the other of 
the output poles. 

Any distribution of the system voltages 
within the magazine can be carried out 
in the same way as the distribution of the 
other voltages. The system voltage is 
usually connected to the magazine via 
the d.c./d.c. converter, whose feeding 
voltage is taken through to the back 
plane. The converters usually also 
provide the possibility of connecting 
through another, optional voltage from 
the power connector at the front to the 
back plane. 

Distribution in BYB 201 
BYB 201 is the cabinet variant of the 
BYB construction practice. The system 
voltage is connected via a distribution 
unit at the top of the cabinet. The divi
sion into knock-out units can be done by 
running separate cables to the various 
units. The high-ohmic distribution 
method is used in this case also, in order 
to prevent any short-circuit transients 
from being propagated from one knock
out unit to another, fig. 7, 

Fig. 7 
A BYB cabine t wi th an electronic fuse unit at the 

top of the cabine t 

With small systems it may be difficult to 
obtain a sufficiently low impedance in 
the feeding source to enable the high-
ohmic distribution method to be used 
In such cases an electronic fuse unit is 
used instead of the distribution unit. The 
fuse unit then serves as a current Iimiter 
and filter as well as a fuse. 

The earthing element in the cables that 
connect the system voltage to the load is 
connected to mechanical earth close to 
the load. 

Theearthing in BYB 201 hassufficiently 
low resistance to meet the requirements 
of the high-ohmic distribution method 

The electronic printed board assem
blies are connected to the d.c. d.c. con
verters via bars in the magazines in the 
same way as in BYB 101. 

Power units 
The most common types of power units 
for the BYB construction practice are 
- d.c./d.c. converters, which convert 

the system voltage (usually 48 V) to 
d.c. voltages for feeding, for example, 
electronic components, relays or 
magnetic tape units 

- rectifiers, which convert the a.c. 
mains voltage to a suitable system 
voltage 

- inverters, which convert the system 
voltage to an a.c. voltage for feeding. 
for example, I/O devices 

The distribution of the low voltages 
takes place almost exclusively within 
the magazines. This provides the best 
solution for the system structure, and 
also helps to keep voltage drops and 
interference in check. 

DC/DC converters 
The d.c./d.c. converter is the predomi
nant type of power unit This is because 
the conversion to the feeding voltage is 
carried out in the magazine. Local con
version has advantages as regards mod
ularity, reliability and cost. The number 

Units with one output voltage, floating relative the 
input voltage 
Units with two output voltages having optional 
polarity 
Units with three output voltages having fixed 
polarity 

Table 1 
DC/DC converters 



of d.c./d.c. converters manufactured 
each year is very large. In spite of great 
efforts towards standardization, the 
number of variants with different output 
voltage and power has also become 
considerable over the years. The basic 
range is shown in table 1. 

In addition to the basic range there are a 
number of special variants and older 
units. These are gradually being re
placed by newer types from the basic 
range wherever possible. New types 
have been made compatible with the old 
types as regards connections, whenever 
this has been practically possible. 

Mechanical construction 
The converters are normally con
structed as printed board assemblies for 
placing in magazines. The only excep
tion is the 200 W unit, which, because of 
its size, is constructed in the form of a 
magazine. Units larger than 200 W are 
not used in the system because of the 
trouble and cost the distribution of the 
power would entail. When greater 
power is needed for a magazine this is 
arranged primarily by dividing the load 
and secondly by connecting several 
converters in parallel. Both methods 
give better modular adaption and great
er reliability then the use of larger units. 

Standard converter designs, docu
mented and with set printed board 

layouts, are used in cases where only 
low converter power is required. These 
converters usually form part of the 
printed board assembly that is to be 
powered. 

Function 
All d.c./d.c. converters in the standard 
range are of the switch type, with a 
working frequency within the range 20-
50 kHz, and thus have high efficiency, 
fig. 8. The input voltage is chopped and 
pulse width regulated to a square wave 
which is transformed over to the sec
ondary side, rectified and filtered. 

The circuit design is conventional and 
does not differ greatly from the circuit 
design in the units that are available on 
the market. However, a considerably 
higher degree of reliability has been 
achieved, mainly by means of careful 
choice of components and consistent 
derating of the components used. Nor
mal MTBF values for the converters are 
60-200 years. High reliability is neces
sary in order to obtain a low repair rate 
in systems that contain a large number 
of units. The units are constructed for an 
operational life of 20-40 years. 

Future trends 
The number of converter types will in
crease in spite of all efforts regarding 
standardization. The strong general 
tendency towards increasingly more 

Fig. 8 
A simplified diagram for a d.c./d.c. converter 
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Fig. 10 
Block diagram of the primary switched rectifier, 
DOL 

Table 2 
Rectifiers 

Fig. 9 
Factory testing of a d.c./d.c. converter. 
The d.c./d.c. converters are manufactured in large 
numbers. The experience and manufacturing re
sources provided by other large-scale production 
are then drawn upon. The testing is largely 
automatic, with computer-controlled test rou
tines. The rational production and testing 
methods ensure a high and even quality 

compact electronic equipment means 
that the designers of power units will be 
under great pressure to develop more 
compact d.c./d.c. converters with better 
performance. 

Future units will utilize higher frequen
cies then present-day units. This will be 
made possible by new semiconductors, 
for example MOS-FET power transis
tors, and better magnetic materials. It is 
also necessary to achieve greater effi
ciency, since a more compact design 
would otherwise give increased power 
density and thus also higher tempera
ture and lower reliability. In recent years 
new components and new circuit de
signs have helped to increase the effi
ciency from 70 % to 80 %. 

Rectifiers 
Rectifiers are usually used to convert 
the mains voltage to the standardized 
system voltage, 48 V, which is then dis
tributed to the various functional units. 
Rectifiers for centralized feeding of 
large exchanges have been described 
previously in this magazine3. In this arti
cle only the rectifiers that are suitable 
for use in units in the BYB construction 
practice will be discussed 

The output data requirements for the 
rectifier differ, depending on whether 
the system is to operate with a battery 
back-up or not. Rectifiers that work with 
a battery require very precise voltage 
regulation and the ability to work for 
long periods with current limiting It 
should also be possible to equip the rec
tifier with automatic charging, which 
gives the best battery life. 

The requirements are not as severe for 
rectifiers that are not to work with a bat
tery. This type of rectifier is often called 
a battery eliminator. 

Table 2 shows the standard range of bat
tery chargers and battery eliminators. 
All have a low-frequency transformer. 
The battery chargers are phase shift 
controlled by thyristors, and the battery 
eliminators have ferromagnetic regula
tion. All battery chargers for the BYB 
construction practice have good perfor
mance data both with and without bat
teries, and they can thus also be used as 
battery eliminators. 

Future trends 
A new series of rectifiers of the primary 
switched type, called DOL (Direct Off 
Line) will shortly come on the market. 
Their distinguishing feature is that the 
mains voltage is rectified immediately, 
after which the d.c. voltage is converted 
to a suitable value by means of a high 
frequency d.c./d.c. converter. Thus no 
magnetic components with mains fre
quency are required, such as transfor
mers and chokes. The rectifiers can 
then be made smaller and lighter, and 
can be made to work almost noiselessly. 
One disadvantage is that they become 
more complex, a fact which has pre
viously made it difficult to achieve suffi
ciently high reliability for sophisticated 
applications. However, recent develop
ments, particularly in the field of semi
conductors, have created new pos
sibilities of obtaining high reliability 
even with DOL rectifiers, fig. 10. 

Inverters 
Inverters are used in the BYB con
struction practice to ensure uninter
rupted operation of units that are de
signed for a.c. feeding. Some such units 
are recording instruments, tape rec
orders and fans, which contain various 
types of motors. AC motors are prefera
ble to d.c. motors because they have a 
longer life. Moreover, units purchased 
in the market, such as I/O devices, are 
often not available in d.c. versions. 

The units to be supplied with power 
have different requirements as regards 
the waveform and quality of the a.c. volt
age A simple square wave is often suffi
cient, for example for driving a motor. In 
other cases a good sinusoidal wave is 
required in order to obtain the neces
sary performance. Sinusoidal a.c. volt
age, with its small harmonic content, 
causes less interference in the con
nected and adjacent equipment. 

A phenomenon that often causes prob
lems is the fact that most loading units 
with a.c. feeding draw a large momen
tary current when they are connected. 
Current surges of 100 A are not uncom
mon. The inverters cannot be dimen
sioned to maintain the output voltage 
during such current surges. They are in
stead often equipped with some type of 
current limiting. If several loading units 
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Input voltage 
Output voltage 
Output power 
Wave shape 
Regulation 

Synchronization 

BFD 200006/1 

43-56 V 
2x24 V 
2x60 W 
Square 
Unregulated 

-

BMS 602 

44-56 V 
220 V ±5 % 
500 VA 
Sinusoidal 
Magnetic 
stabilizer 
Yes 

Table 3 
Inverters 

are fed f rom the same inverter there is a 
risk that the connect ion of one unit will 
cause serious disturbances in the oth
ers. The best way of avoiding this is to 
connect only one loading unit to each 
inverter. This also conforms very well 
with the applied dist r ibut ion method 
with knock-out units. Thus large inver
ters are not needed for the BYB con
struct ion practice. Table 3 shows the 
available inverters. The standard inver
ter for 500 VA has been descr ibed pre
viously4. The highest required amount 
of power per loading unit is 1 kVA, which 
is obtained by means of a special type of 
parallel coupl ing of two 500 VA units. 

Future trends 
The present inverters contain transistor 
or thyristor switches, which operate at 
the mains frequency, fo l lowed by trans
formers and fi lters. In the 500 VA inverter 
the transformer is constructed as a fer
romagnetic stabil izer in order to obtain 
the desired regulat ion characterist ics. 

Work on improving the characterist ics 
of these magnetic stabil izers is going on 
all the t ime. Improved core materials 
and refined calculat ion will in the near 
future give both greater eff iciency and 
smaller d imensions. For small inverter 
units, perhaps up to 200 VA, it wil l be 
possible to use high frequency technol
ogy. The pr inciple is simple. The output 
voltage from a pulse width regulated 
converter is modulated by a low fre
quency sinusoidal voltage. The advan
tages of this method are, among others, 
better wave form through faster regula
tion and smaller d imensions, due to the 
fact that it is not necessary to use low-
frequency transformers and fi lters. This 

technology has an obvious field of use 
in small inverters and r inging genera
tors built up on pr inted boards. Hitherto 
there have been considerable practical 
dif f icult ies with construct ions of this 
type, but these are now on the way to 
being resolved. 

Summary 
Modern electronic systems, such as 
AXE 10. have the fo l lowing main fea
tures: 
- highly developed modular structure 
- high reliability, partly through being 

built up of knock-out units 
- great adaptabil i ty to new technology, 

such as new mechanical and electri
cal components and new system de
signs 

- simple operation and maintenance 
routines. 

The BYB construct ion practice and its 
power units are developed to suit such 
systems. The chosen range of power 
units and the methods selected for the 
distr ibut ion of power make this con
struct ion practice extremely suitable for 
all types of electronic equipment. 

Many of the units can also be used in 
other construct ion practices, for exam
ple in BAF 201 for large power plants 
and in the common 19" construction 
practice. 

These features mean that the BYB con
struct ion practice and its power units 
are well equipped to satisfy all require
ments made on a construct ion practice, 
even in the rapidly changing technical 
environment of the 1980s. 

References 
1. Alexandersson, R. and Rorstrom. H. 

O New Packaging Structure. 
Ericsson Rev. 53(19761:2, pp 100-
107. 

2. Orevik, A.: Power Supplies for Elec
tronic Telephone Exchanges 
Ericsson Rev. 57(1974) 4 pp 120-
127. K 

3. Michelsen, S. et al.: A New Genera
tion of Power Supply Equipment 
Type BZD 112. Ericsson Rev 55 
(1978):2, pp. 46-57. 

4. Hansson, A.: Uninterruptible AC 
Power Supply System. Type BZV 
102. Ericsson Rev. 56 (1979) 1 nn 
34-39. ' P P ' 



The Development of Custom Design 
Circuits 

Gunnar Bjorklund, Jan Johansson, Lars-Anders Olofsson and Jackie Sundvall 

This article is one of a series devoted to the activities of RIFA. a components 
manufacturer in the Ericsson Group It describes the development of custom 
design circuits in monolithic and hybrid technique The authors discuss the 
specification, design and evaluation of such special circuits. 
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Fig. 2 
The circuit cost as a function of the chip size 

Special circuits that are adapted to the 
customers system design are very im
portant in modern electronic systems. 
The development of such circuits com
prises five different stages. 

Stage 1. Specification 
- Functional description 
- Requirement specification 
- Quality specification 

Stage 2 Design and simulation 
- Design 
- Circuit analysis and computer simulation 
- Measurements on the bread-board model 
- Layout design 
- Checking the design 
- Preparing the basic data for production mea

surements and circuit testing 
- Preparing the basic data and tools for production 

Stage 3 Manufacture of prototypes 

Stage 4 Evaluation 
- Measurements 
- Tests 
- Approval 

Stage 5. Series production 

This division into stages provides a 
good survey of the project, the customer 
can be kept well informed regarding the 
progress of the work and a natural 
checkpoint is obtained at the end of 
each stage. This article describes main
ly stages 1 and 2, with monolithic and 
hybrid circuits treated separately. 

Monolithic circuits 
Specification 
The specification stage is characterized 
by close contact between the circuit de
signer and the customer's technical 
staff. The purpose of this stage is to de
scribe the function of the circuit and to 
inform the designer about the degree of 
freedom and the limitations. The first 
stage usually results in a requirement 
specification with a block diagram, fig. 
1, and a list of external components. 

All electronic designs must be adapted 
to suit the manufacturing method. This 
is particularly important for monolithic 
circuits, where unsuitable circuit engi
neering can result in high production 
costs. The encapsulation method, the 
chip size and the efficiency of the cir
cuits are decisive factors as regards the 
production cost, fig. 2. The cost is re
duced to a minimum through efficient 
design methods and the use of compo
nents that require very little chip area. 
Fig. 3 shows the chip area requirement 
of some components. 

As can be seen from fig. 3, transistors 
require little chip area compared with 
resistors and capacitors. For practical 
and economical reasons it is therefore 
often necessary to leave certain compo
nents, such as large capacitors or high-
value resistors, outside the circuit. An
other reason for using external compo
nents can be the need to adapt to dif
ferent markets. 

One advantageous characteristic of 

Fig. 1 
A block diagram for an integrated circuit 
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Resistor 

Resistance 

Transistor 

Current gain 
Current ratios 

Absolute 
tolerance 

± 1 0 - 2 0 % 

±25 % 

-

Relative 
tolerance 

± 0 . 2 - 2 % 

± 5 - 1 0 % 
± 1 - 5 % 

Table 1 
Tolerances for integrated components in mono
lithic technique 

Fig. 4 
Components stored in a data base 

components manufactured using 
monol i thic technique is that compo
nents which are geometr ical ly alike are 
also almost identical f rom an electrical 
point of view. Table 1 gives some typical 
comparative values for absolute and rel
ative tolerances. The small area require
ment and good matching characteris
tics of transistors are uti l ized when 
designing circuits in monol i th ic tech
nique, and give such circuits their 
characteristic feature, which may make 
them diff icult to understand for some
body who is used to circuit engineer ing 
with discrete components. However, all 
circuit diagrams can be converted into 
block diagrams, which give a better pic
ture of the circuit funct ion. 

Circuit design 
On the basis of the first, rough block 
diagram and the specif icat ion, work is 
started on a more detailed diagram and 
the design of the blocks or sub-assem
blies. Computer ized aids are used, part
ly to provide verif ication and partly to 
simplify opt imizat ion and other calcula
t ions. 

The monol i th ic technique gives the cir
cuit designer great freedom of choice as 
regards the geometry of the compo
nents, but certain rules regarding spac
ing must be observed. However, the 
most rational way is to use standardized 
circuit elements with well documented 
electrical data as far as is possible. In 
certain cases new circuit elements are 
designed, for example when a c i rcui t 

design requires special component data 
which cannot be obtained with stan
dardized elements. Atest circuit is man
ufactured in order to verify the data of 
the new components. 

Standardized components, for example 
transistors, have been separately en
capsulated for use in bread-board mod
els. The geometr ical data of such com
ponents are stored in a data base in an 
interactive graphic system for circuit 
layout, and their electrical data are 
stored in another data base for use in 
circuit s imulat ing programs, f ig. 4. 

Transistors, inc luding JFETs, diodes, 
thyristors, zener diodes, resistors and 
capacitors can all be manufactured 
using bipolar circuit engineering. 

The detailed diagram design is verified 
by means of circuit simulat ions and by 
bui ld ing a complete circui t with stan
dardized components, f ig. 5, a bread
board circuit. Electrical measurements 
are carried out on this circuit to check 
that its funct ion is in accordance with 
the specif icat ions and that the circuit 
design meets the given electrical data 
After these measurements the design is 
discussed in detail with the customer, 
so that the latter can assess at this early 
stage whether the f inished product will 
meet the set requirements. 

The requirementsfor thecomponents in 
the circuit are specif ied in detail in con
nect ion with the calculat ions for the 

Fig. 3 
The chip area requirement for some integrated 
components in monolithic technique 
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whole circuit. These data are compiled 
in a design report, which also includes 
the geometrical data for the compo
nents. The design report forms part of 
the basic data for the layout work and 
for the work on determining the per
missible tolerances for the manufactur
ing process. 

The design and design report are exam
ined by at least two designers who have 
not previously participated actively in 
the work. The intention is to discover 
any weaknesses in good time and also 
to enable other designers to benefit 
from the experience gained from the de
sign. An examination is also carried out 
together with the staff responsible for 
measurements and production. 

Directives for the layout design are also 
compiled in connection with the design 
examination. They comprise a prelimin
ary layout of the blocks in the circuit, the 
dimensions for the conductors with re
spect to the current density and descrip
tions of other freedoms or limitations. 

The layout work is carried out in close 
collaboration with the circuit designer. 
This is essential, since a part of the func
tion and the performance are deter
mined during the layout work, for exam
ple by giving matching components the 
same orientation in relation to the crys
tal direction. 

The first stage in the layout work is car
ried out manually, with schematic 
blocks of approximately the correct size 

as the smallest units. These blocks are 
connected together by a conductive 
pattern. The blocks are moved about 
and the wiring is changed until an ac
ceptable packaging density with few 
conductor crossover points has been 
obtained. The detailed layout of the 
blocks can either be done manually or in 
a Computer Aided Design system, CAD, 
in which the component geometries are 
stored. The components vary in com
plexity from simple transistors to. for ex
ample, complete logic circuit units. This 
stage comprises extensive, interactive 
work which results in a first detailed cir
cuit layout. 

The various layers in the detailed layout 
are drawn in several colours on a drum 
plotter. The degree of magnification is 
usually between 200 and 400, fig. 6. The 
designer then scrutinizes this drawing 
against the circuit diagram as regards 
connectionsand electrical design rules. 
The CAD system carries out a computer 
check with regard to geometrical design 
rules. 

After any corrections the production 
tools are manufactured. In this case they 
consist of one photographic mask for 
each stage in the production process. 
Each mask comprises a large number of 
the circuit pattern. These masks are 
used both for manufacturing the pro
totypes and for the series production of 
the circuit. A normal production pro
cess for bipolar integrated circuits con
tains between 7 och 12 different masks. 
The first prototypes are then made. This 

Fig. 5 
A bread-board model of a monolithic circuit 



batch usually comprises at least 10 sil
icon wafers, each containing between 
100 and 1000 circuits. 

The yield is normally between 10 and 80 
% depending on the size of each circuit. 
Thus each silicon wafer can contain be
tween 10 and 800 acceptable circuits. 
The large number of unacceptable cir
cuits on a wafer makes it necessary to 
have an efficient measuring program 
with total testing of the individual cir
cuits while they are still part of the whole 
wafer. The measuring methods and the 
basic data for the measurement pro
gram are adapted to the computer-con
trolled measuring systems used in the 
production. This simplifies the work of 
designing and manufacturing hardware 
and preparing software for the testing. 

The measuring program is designed to 
give acceptable security against both 
functional faults and electrical param
eter deviations. It is usually desirable to 
have a measuring method that can guar
antee the function and parameters over 
the whole temperature range con
cerned by measuring only at room tem
perature. An increase or reduction in the 
feeding voltage of the circuit and the 
application of stricter measurement lim
its are often sufficient to simulate the 
worsening margins obtained at the lim
its of the temperature range. In special 
cases, with complex circuits, it may be 
necessary to carry out comprehensive 
measurements at the temperature limits 
in order to ensure correct function over 
the range. 

Evaluation 
The evaluation of a new circuit starts 
with measurements on the first pro
totypes of the circuit in order to check 
its function and electrical parameters. If 
the circuit meets the set requirements, 
the prototype is delivered to the custom-
erforelectrical evaluation and approval. 
At the same time that the circuit is being 
evaluated by the customer, its tempera
ture dependence and design margins 
are measured and specified in detail. 
These measurements provide the basic 
data for the preparation of the measur
ing program in its final form and for op
timizing the design before production. 

This first stage of the evaluation is then 
documented and finally leads to an ap
proval for a limited production series. 
The final approval for production is 
given after the optimization of the pro
duction yield, and after the type test re
sults have been approved. 

Circuit simulation 
Analysing the electrical function of size
able networks is very time consuming 
and can even be impossible to carry out 
manually. A transient analysis of net
works that contain non-linear elements, 
such as diodes and transistors, is par
ticularly difficult. Computers must be 
used for such analyses, and special 
computer programs for circuit simula
tion have been prepared. The designer 
is not usually expert in programming, 
and these programs must therefore be 
easy to handle and self-instructing. 

12 

Fig. 6 
A circuit layout for a monolithic circuit 
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The most common simulation programs 
are node analysis programs. In such a 
program the network is described as a 
number of numbered connection 
points, nodes, between which the ele
ments in the network are connected. 
The network is described in the input 
data by specifying the nodes to which an 
element is connected, the type of ele
ment and its parameter values. The ele
ments can be simple, such as resistors 
with a single resistance value, or more 
complicated, such as transistors with 
non-linear characteristics which are de
scribed by means of equations with 
some tens of parameter values. The de
signer specifies which type of analysis is 
to be carrried out, for example transient 
analysis, and which nodes and 
branches are to be analysed. The desir
ed currents and voltages are listed and 
plotted in the output data as a function 
of time, frequency or temperature. 

Circuit simulation is often used as early 
as when the first block diagram is pre
pared. The circuit function is then de
scribed by means of a number of simple 
blocks, each block being a simple 
model of a complex network. The analy
sis is done so quickly that many alterna
tive circuit designs can be compared, 
for example with regard to sensitivity to 
defects in components or imperfections 
in amplifier stages. As the block dia
gram develops, the models of the dif
ferent blocks can be made more de
tailed so that the requirements for each 
block can be determined. 

Fig. 7 shows a detailed block diagram. 
When working out the detailed design of 
the blocks it has proved to be advan
tageous to carry out simulations and at 
the same time make measurements on a 
bread-board model. The general func
tion can quickly be determined by 
means of the measurements, and simu
lation gives the properties of the true 
circuit, without the parasitic effects ob
tained in the bread-board model caused 
by stray capacitances and wire induc
tances. When checking temperature 
properties it is easy to introduce thermal 
coupling and matching between com
ponents in simulation, but it is almost 
impossible to do so on the bread-board 
model. 

The parameter values of standardized 
components have been calculated and 
stored in a data bank. During the simula
tion it is then only necessary to specify 
the transistor type, and the program 
fetches the parameter values. The 
model for bipolar transistors is usually a 
modified version of the one originally 
described by Ebers and Moll1. The pro
grams usually contain a macrofunction, 
i.e. the possibility of building network 
sections, which can be used in more 
than one place in the same circuit. 

The programs described above give op
timization because the designer as
sesses the result of a simulation, modi
fies the input data and carries out a new 
simulation. In certain cases this pro
cedure is not sufficient. Special optim-

Fig. 7 
A detailed block diagram for an integrated mono
lithic circuit 



Fig. 8 
Optimization of an integrated line interface cir
cuit, SLIC 
Left: Data before optimization 
Right: Data after optimization 

Fig. 9 
Different hybrid circuits 
a. Chip & wire technique, left 
b. Solder technique, right 

ization programs have therefore been 
developed. The input data for such an 
opt imizat ion program consist of a net
work descript ion and also a require
ment table and a list of the parameters 
that may be changed in the attempt to 
meet the requirements. The program 
automatically carries out iterations until 
the requirements have been met. This 
type of program is more dif f icult to han
dle and usually requires the user to have 
a certain amount of programming 
knowledge. Fig. 8 shows a pr intout f rom 
the opt imizat ion program FORNAP. 

Hybrid circuits 
Conditions 
Hybrid circuits for te lecommunicat ion 
applications are usually manufactured 
using thick f i lm technique, with high 
temperature sintering of both resistors 
and conductors on a ceramic substrate. 
The resistors are laser t r immed to toler
ances better than ± 1 %. Active and pas
sive components are mounted on the 
circuits, which are then encapsulated 
and the final measurements carried out. 

Efficient circuits can be obtained by 
combin ing several component types on 
the same substrate2. The types of com
ponents that are suitable for thick f i lm 
hybrids are 

- integrated circui ts in both MOS and 
bipolar technique 

- discrete components , e.g. transis
tors, diodes and thyristors 

- chip capacitors, both the ceramicand 
the dry tantalum type 

The components can be mounted after 
they have been encapsulated, in which 
case they are soldered or glued to the 
substrate, or they can be mounted be
fore encapsulat ion. This is then done 
afterwards, for example by encapsula
tion in plastic. 

Both capacitors and semiconductors 
are mounted unencapsulated when a 
high packaging density is desired. Fig. 
9a shows a hybrid circui ts with the com
ponents glued on. The connections to 
semiconductorsand tags isthen carried 
out in a bonding machine using gold 
wire, chip & wire technique. 

In the case of circuits with both active 
and passive components it is often ad
vantageous to use a technique with only 
soldered components. All semiconduc
tor components are then encapsulated 
individually, usually hermetically in ce
ramics but also in plastic. Chip capaci
tors are surface soldered on to the thick 
fi lm substrate together with the semi
conductor components. Fig. 9b shows a 
circuit in solder technique. 



Fig. 10 
Stages in the development of a hybrid circuit 

Electrical diagram 

Completed circuit 

Specification 
The specification for a custom design 
hybrid circuit describes the electrical 
and mechanical requirements for the 
circuit. The circuit specification is nor
mally divided into three parts: 
- an electrical requirement specifica

tion comprising limits and charac
teristic data for the circuit 

- a mechanical specification compris
ing requirements for the encapsula
tion and the connect ions to the circuit 

- a quality specification comprising tol
erance and reliability requirements 
for the circuit. 

The circuit specification has a consid
erable effect on the development and 
manufacturing costs. It is therefore ad
visable that the design staff of the cus
tomer and the manufacturer discuss in 
detail the factors that influence the 
costs, particularly for large hybrid cir
cuit projects, before the development 
commission is placed 

Circuit design 
The design work starts with a thorough 
examination of the customer's specifi
cation, and preparation of drafts for the 
circuit design. Preliminary drafts may 
have been made previously in order to 
estimate the circuit size and manufac
turing costs. The various drafts are then 
assessed by means of calculations and 
measurements on a bread-board model. 
In the design work the range of tested 
and type approved components, which 
are already documented, are used 
wherever possible. When it is necessary 
to introduce new component types or 
use a new supplier, evaluation and test
ing must first be carried out. 

When designing electrically complex 
hybrid circuits it is often necessary to 
use simulation of critical subfunctions 
and sometimes even simulation of the 
whole circuit function. In particular it 
may be necessary to study the tempera
ture sensitivity, the ability to withstand 
high power and the sensitivity to drift in. 
for example, resistance values. In all es
sentials the equipment, programs and 
methods for simulation conform with 
those described in "Circuit simulation 
in the previous section. 

The final circuit design is evaluated 
using a bread-board model, which can 
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Fig. 12 
An original mask pattern for a hybrid circuit 

Fig. 11 
Digitalization by means ot a computerized 
graphic aid 

be built up either on a printed circuit 
board or on a ceramic substrate. The 
circuit characteristics can be evaluated 
in detail by means of measurements on 
such a bread-board model. Factors that 
affect the layout, such as matching re
quirements, permissible tolerances and 
sensitivity to stray capacitances, can be 
assessed and the final choice of addi
tional components can be made. Fig. 10 
shows the development of a circuit from 
theelectrical diagram to the final hybrid. 

The layout work is based on docu
mented rules that specify how the film 
pattern of the circuit is to be dimen
sioned in order to obtain the optimum 
values for the characteristics of the 
finished circuit. The electrical circuit 
design often leads to special require
ments. Different circuit functions must 
be separated, for example because of 
their sensitivity to disturbances or to 
stray capacitances. The choice of volt
age and the requirements regarding 
ability to withstand currents influence 
the choice of conductor widths and re
sistor areas. When positioning the addi
tional components the designer must 
also pay attention to the power dissipa
tion, the mounting facilities, terminal 
positions, substrate dimensions etc. 

The layout work also includes calculat
ing the dimensions of the resistors on 
the basis of the given resistance values, 
tolerances, power values, temperature 
coefficients and requirements for long-

term stability. The designer must also try 
to achieve the most favourable com
bination of component placing and wir
ing. Components, conductors and resis
tors are placed on the substrate surface 
in a layout sketch which is then used to 
generate the pattern in a CAD system. 
The sketch that is to be input into the 
system is placed on a drawing board. Its 
data are fed into the computer store by 
means of commands together with digi
talization of the position of the drawing 
board index, fig. 11. An original produc
tion master is then generated on the 
basis of the stored information, fig. 12. 

The work on the final mechanical di
mensioning of the circuit is carried out 
simultaneously with the layout work. A 
suitable mechanical circuit con
struction can provide considerable ad
vantages, such as 
- ability to withstand high power 
- small dimensions 
- simplified mounting 
- ability to withstand extreme climatic 

conditions 
- ability to withstand mechanical vibra

tions and shocks. 

Figs. 13-15 show some hybrid circuits 
with different mechanical con
structions. 

Basic data for measurements and 
documentation 
Series production of hybrid circuits re
quires documentation of 
- the substrate manufacture including 

pattern printing and trimming 
- component mounting 
- pin mounting 
- encapsulation 
- final measurements and final check

ing 
- type testing. 

The designer prepares a circuit specifi
cation with supplementary data for the 
programming of the equipment for the 
final measurements. The staff responsi
ble for the quality control and the design 
carry out a joint evaluation of the basic 
design data and the prototypes, so that 
the quality control work can start well in 
advance of series production. 

The manufacturing documentation 
comprises complete manufacturing and 
flow descriptions, with material and 
component lists. The documents are 
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Fig. 13 
Single-in-line circuits for mounting on printed 
circuit boards 

Fig. 14 
Special encapsulations for screw mounting 

Fig. 15 
Hermetic encapsulation for military use 

prepared by the designer in charge and 
must contain all informat ion that is re
quired for the series product ion. In par
ticular all product ion stages and check
points in the manufactur ing process 
must be specif ied, with reference to the 
applicable manufactur ing and checking 
regulations. 

The stringent requirements that apply 
for the materials and components used 
in the manufacture of hybrid circuits 
mean that type testing and quality con
trol are necessary before these mate
rials and components can be used. The 
design section documents the require
ments that apply for the purchasing and 
delivery checks. 

Before delivery the hybrid circuits un
dergo a final check that is based on the 
circuit specif icat ion and the quality reg
ulations. The quality control work has 
provided the basic documentat ion data 
for this check. The cont inuous quality 
control work is supplemented by 
periodic quality checks of the circuits. 
These measures provide a constant fo l 
low-up of both the quality of the circuits 
and their suitabil ity for series produc
t ion. 

Future trends 
Computer aided design systems wil l 
have to be used more widely and also be 
developed further if it is to be possible to 
develop integrated circuits with greater 
complexity and better performance. In 
fact, very shortly, in 1981, RIFA wil l be 
taking into service a new graphic CAD 
system intended for designing ex
tremely complex circuits One feature of 
the system is automatic layout check
ing, and its performance is considerably 
better than that of present systems. 

During the 1980s there wil l be further 
development of automatic layout de
signing and checking, particularly for 
digital circuits. It wil l also be possible for 
the users of integrated circuits them
selves to make use of these efficient de
sign aids, partly because the design ele
ments wil l be standardized. 

The development of computer ized aids 
for both simulat ion and circuit evalua
t ion means that it wil l be possible to 
design and test increasingly complex 
micro-assemblies for use as circuit 
bui lding blocks. 
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Operational Experience of ARE 11 
in Seinajoki 

Sakari Uitti 

The Seinajoki concession area comprises the whole of the Seinajoki group of 
primary centres and a part of the Vasa group in western Finland. Seinajoki 
contains six ARE 11 local exchanges (SPC system with crossbar switches) and a 
four-wire transit exchange. Control system ANA 30 is used for these exchanges. 
The operational experience has in all respects met the expectations of the 
operating staff. The ARE 11 system can interwork with different signalling 
systems and has a large traffic handling capacity It provides many valuable 
operation and maintenance facilities, which can also be utilized for other 
exchanges in the group. 
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The Seinajoki Telephone Administra
tion was formed in 1893. Its concession 
area covers 6400 km2 and the number of 
subscribers is now around 33 000, fig. 1. 

In 1951 the first automatic exchange 
was taken into service in the town of 
Seinajoki, which is the zone centre. It 
was a 500-line selector exchange, sys
tem AGF from LM Ericsson. The ex
change originally had 1500 lines. It is 
still in operation. 

In order to provide better service for the 
subscribers, automatization of the 13 

Primary centre with ARK 50 and ARM 503 

Urban local exchange ARE 11 
under Seinajoki exchange 

Border of the Seinajoki concession area 

Border between the Seinajoki group of primary 
centres and the part of the Vasa group of 
primary centres that belongs to the concession 
area 

type 

groups of terminal exchanges in the 
area was started in 1960. The system 
chosen was the automatic rural ex
change system ARK 50, supplemented 
by transit exchange ARM 503 in the pri
mary centres. Today about 21 000 sub
scribers are connected to 117 ex
changes ARK 500. 

In the 1970s it was necessary to replace 
the local exchange ARK 50 in the largest 
primary centres and to increase the ca
pacity of Seinajoki exchange, and after 
careful study of different exchange sys
tems the Administration decided, in 
1974, to install LM Ericsson's system 
ARE 11 and thus make use of the many 
advantages offered by SPC. ARE 11 was 
chosen because 
- it provides smooth interworking with 

existing exchanges 
- the basic version of the crossbar 

switch system had long proved to be 
very reliable 

- the ARE 11 system is easy to under
stand and handle, and thus requires 
very little training and maintenance 

- operation and maintenance can be 
rationalized throughout the whole 
group of primary centres by means of 
the facilities offered by ARE 11 

- several new functions and services 
could be offered to the subscribers. 

The first ARE 11 exchanges were put in 
operation in 1976. At the turn of the year 
1979/80 six local exchanges and a four-
wire transit exchange were in operation, 
table 1. In addition 6000 lines of ARE 11 
have been ordered and are now being 
installed. 

Operational experience of 
ARE 11 
Table 2 summarizes the total number of 
faults and disturbances that occurred in 
1978 and 1979 in all ARE 11 exchanges 
listed in table 1. Some comments on the 
figures in table 2 are given below. 

The Finnish recommendations allow 
two faults per 100 numbers and year. 
The fault rate for 1979 is considerably 
lower than this. 

The number of breakdowns was higher 
in 1978 than in 1979 because in 1978 
control system ANA 30 for the control of 
the four-wire transit exchange in Seina-

Fig. 1 
Seinajoki concession area with approximately 
33 000 subscribers 
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SAKARI UITTI 
Seinajoki Te lephone Admin is t ra t ion 
Finland 

Sakari Uitti g raduated f rom the Finnish Inst i tute 
of Technology, Hels ink i , in 1956. From 1953 to 
1969 he worked for the Admin is t ra t ion as a de
signer and technica l consu l tan t w i th the excep
t ion of the years 1955 -1957 , when he was em
ployed by PTT in F in land Since 1970 Sakari 
Uitti has been the Manag ing Director of Seina
joki Te lephone Admin is t ra t ion . 

Seinajoki 

Seinajoki 

Tornava 
llmajoki 
Kurikka 
Lapua 
Kauhava 

Transit 
exchange 

Local 
exchange 

•* 

10x80 
inputs 

3000 lines 

2000 " 
2000 " 
2000" 
1 000 " 
2000" 

Successively 
during 
1978/79 

15.12.1976 

15.12.1976 
25.10.1977 
7.3.1978 
10.7.1978 
13.3.1979 

Table 1 
The table shows when the exchanges were taken 
into service and also their capacity 

Number of faults per year 

Number of faults in the whole 
exchange, per 100 lines 
Number of faults in ANA 30 only 
Number of breakdowns caused 
by faults in ANA 30 
Number of faulty printed board 
assemblies (of a total of 9000 
assemblies) 
Total breakdown time in hours 

1978 

-
21 

6 

14 
8.5 

1979 

0.36 
14 

3 

12 
2.8 

Table 2 
The table shows the numbe r and types of faults 

during 1978 and 1979 

Fig. 2 
Marking of the signal transfer unit, STU, in ARE 
11 so tha t the signalling can also be traced in 
traffic with ARM and ARK. The example shows 
tha t a faul t has occurred in the code receiver, KM, 
in an ARK exchange and a fault prin tou t is 
ob tained on a visual display unit in the mainte
nance cen tre 

RS Line Finder 
STU Signal transfer unit 
TCP Traffic control processor 
OMP Operation and maintenance processor 
n"M Cnrtet receiver 

joki was installed, which caused opera
tional disturbances. Thus seventeen 
ANA 30 faults were found in the Seina
joki exchange in 1978. They consti tuted 
8 0 % of the total number of such faults in 
the whole group of primary centres. In 
spite of this, the average breakdown 
time dur ing 1978 and 1979 was 

(8.5 + 2.8)x3 _ 3.4 hours per exchange 
5 x 2 and three-year period 

The calculations are based on the times 
given in table 1 which show when the six 
local exchanges were taken into ser
vice. This gives an average value of five 
local exchanges that were in operation 
during the fwo-year period in question. 

The calculated average of 3.4 hours 
should be compared with the Finnish 
purchase recommendations for SPC ex
changes, which permit a total break
down time of up to 8 hours per ex
change and three-year period. 

As regards the faulty printed board as
semblies the Administrat ion themselves 
were able to repair 10 in 1978 and 9 in 
1979. 

The ARE 11 supervisory 
system also serves the 
interworking exchanges 
The cont inuous operational supervision 
of ARE 11, which also extends to the 
interworking with other exchanges, 
makes it possible to also improve the 
quality of service for the ARM, ARK and 
AGF exchanges in the whole group of 
primary centres. 

For example, if a fault occurs on one or 
more circuits between a terminal ex
change and a group centre, this is de
tected because ARE 11 supervises the 
alarm state in the transit exchange ARM 
503. Other types of faults are detected 
by means of the error rate moni tor ing. 
An alarm is given if a l imit value is ex
ceeded. Certain devices in ARE 11 can 
then be marked so that the signal l ing 
can be traced even in traffic with ARK 
and ARM exchanges. Faulty connec
tions can be analyzed and the exact 
position of the fault in the switched con
nection is shown on a visual display unit 
or a printer, f ig. 2, It specifies the ex
change and even the unit where the fault 
is located, so the repairman just reads 
off the informat ion. This means that a 
fault can often be repaired before the 
subscribers notice it. 

Personnel requirement with 
centralized maintenance 
Three people wi th in the Administrat ion 
are specialists in ARE 11. They spend 
approximately 10 % of their t ime locat
ing and clearing faults in all ARE 11 ex
changes. In addit ion they are mainte
nance experts for all other exchanges in 
the group of primary centres and also 
handle certain operational matters. 

The Seinajoki exchange is the only man
ned exchange. The other ARE 11 ex
changes are supervised from Seinajoki 
via data links, f ig. 3. The maintenance of 
the ARM and ARK exchanges has also 
been centralized successfully by means 
of the facil it ies offered by the ARE 11 
supervisory system. 



Fig. 3 

All ARE 11 exchanges are supervised from 
Seinajoki 

Training 
Seven people have received training in 
the ARE 11 system for the following 
posts in the organization: 
- a manager for the operation and sub

scriber services section (engineer) 
- a manager for the exchange opera

tion and maintenance activities 
- two maintenance technicians 
- an exchange planning technician 
- an installation and testing technician 
- an installation supervisor. 

- ARE 11 course at LM Ericsson in 6s-
tersund, Sweden, 16 man-weeks 

- Fault clearing course during the test
ing of an ARE 11 exchange, 2 man-
weeks. 

In addition the manager of the operation 
and maintenance activities has partici
pated in the installation and testing of 
an ARE 11 exchange for two months 
Each person has also further improved 
his knowledge of his own field during 
the course of his work. 

The total training time for all seven par
ticipants amounted to 54 man-weeks, 
distributed in the following way: 
- ARE 11 courses at LM Ericsson O/Y, 

Helsinki, 36 man-weeks 

ARE 11 can easily be 
adapted to new requirements 
As time goes by the need arises to intro
duce new functions and services in ARE 

Fig. 4 
Existing devices in ANA 30 in a primary centre 
can be used to provide the subscribers with new 
services in connec ted ARK 50 exchanges . (The 
relevant devices are coloured green in the figure) 
The subscribers connec ted to the ARK exchange 
can themselves change certain data in SCS and 
ADS 

FIR/S Sensor for hook signals when electronic 
charging is used 

KMK Tone receiver for push-burton dialling 
SCS Subscriber category store 
ADS Abbreviated dialling store 
FDR Junction line relay set for duplex traffic 
RS Register finder 
REG-N Register for the group of primary centres 
STU Signal transfer unit 
TCP Traffic control processor 



11. Thanks to the f lexibi l i ty of the system 
this is easy to do. A few instances are 
described below. 

Electronic charging and other new 
functions 
The Administrat ion intend to introduce 
electronic charging in all ARE 11 ex
changes. The output f rom the charging 
data store can then be processed by 
computer, which wil l mean considera
ble savings. The program store of the 
existing operation and maintenance 
processor will be enlarged for this pur
pose. Among other services that can be 
introduced at the same time, the Admin
istration has decided upon: 
- subscriber-control led changing of 

numbers for abbreviated dial l ing and 
connect ion and disconnect ion of cer
tain subscriber facil it ies, such as ab
sent subscriber's service and block
ing of certain traffic routes 

- supervision of the central alarm sys
tem and of external alarms, so that 
alarm information f rom ARM 503 to 
the maintenance centre can also be 
obtained via ARE 11 

- a new I/O system, which enables up to 
8 local I/O devices to be connected 
up, and which makes possible com
municat ion with the operation and 
maintenance centre via a data link 
etc. 

The ARK 50 primary centres moderni
zed by the introduction of control sys
tem ANA 30 
Four primary centres in the concession 
area are equipped with ARE 11 in com
bination with ARM 503, f ig. 1. In order to 
increase the life of these ARM 503 ex
changes with the associated terminal 
exchanges ARK 50, the Administrat ion 
would like to carry out technical im
provements so that these exchanges 
will be almost equivalent to exist ing 
ARE 11 exchanges as regards opera
tional funct ions and subscriber faci l i 
ties. 

Minor changes in the software of ANA 30 
will enable the ANA 30 processors to 
also control ARM 503 and interwork 
with ARK 50. This has made it possible 
to realize the above-mentioned im
provements. Thus the subscribers con
nected to ARK 50 can be offered new 
services, such as push-button dial l ing, 
abbreviated dial l ing and remotely con
trol led subscriber facil i t ies, f ig. 4. Elec
tronic charging can also be introduced 
for the subscribers at these exchanges. 
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Automatic Train Control 

Anders Sjoberg 

The Nordic Railway Administrations have decided to increase the safety of the 
railway lines by introducing automatic train control systems on lines carrying a 
large amount of traffic. The systems, which are based on LM Ericsson's system 
JZG 700, will provide assistance for the driver and. if necessary, brake the train. 
In this article the reasons, possible methods and safety requirements for 
automatic train control are discussed, and the functions and facilities of system 
JZG 700 are described. The emphasis is placed on the method for track-to-train 
transmission and the ways and means of using computers in safety systems. 
Finally a summary is given of the current installation programs 
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Fig. 1 
The beacons are installed in pairs in order to 
increase the reliability ot the system. The 
beacons are encoded so that the evaluation 
equipment can determine for which direction of 
travel the information applies 

The low friction between wheel and rail 
means that the railway is a transport me
dium with low energy consumption, but 
it also means that the braking distances 
of trains are very long. A freight train at 
100 km/h can have a braking distance of 
1200 m. An express train at 130 km/h 
needs about 700 m to stop. In many 
cases the train driver's range of vision is 
less than that. 

The driver is therefore informed about 
the situation ahead by means of light 
signals and signs. Knowing the charac
teristics of the train, such as the braking 
distance, he can then adjust the speed 
to provide safe and steady driving 

Safety systems ensure that the signals 
cannot give dangerous information 
even if a fault occurs. Thus, if the driver 
acts upon the signal information, no col
lisions can occur nor any derailment be
cause of excessive speed 

Train drivers, like all other human 
beings, can make mistakes. How often 
depends on, for example, how compli
cated his job is. Increasing traffic vol
ume, with more information to the driv
er, additional tasks and higher speeds, 
make the driver's job more difficult. 

The railway administrations are intro
ducing systems for automatic train con
trol (ATC) in order to reduce the risk of 
accidents caused by the train driver. 
ATC systems must 
- transmit information from the track to 

the train 
- present the information in such a way 

that the driver's work is simplified 
- supervise that the train is driven safe

ly, warn the driver in the case of dan
ger and, if necessary, brake the train. 

Different types of ATC 
ATC systems can work with continuous 
or intermittent transfer of information, 
and the amount of information can be 
small or large. 

Continuous systems, where information 
is continuously transmitted from the 
track to the train, are comparatively ex
pensive, but are suitable for under
ground railways and other tracks with a 
high traffic load. LM Ericsson have sup
plied continuous systems since 1950. 

The predecessor of the ATC systems 
with intermittent transmission of infor
mation was mechanical train stops. LM 
Ericsson have delivered such systemsto 
several countries. The transmission to 
the train is carried out by a lever which 
hits a brake valve on the passing train 
that is to be braked. 

Nowadays the intermittent track-to-
train transmission is usually inductive. 
The track is equipped with beacons, fig. 
1. The previous beacon systems have 

'only been able to send a few messages 
to the train, but both the demands and 
the available facilities are now greater. 

Fig. 2 
The units in an ATC system that are installed in 
the track and the locomotive 
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Fig. 3 
Encoder 

Fig. 4 
A driver's cabin with control panel and evaluation 
unit (top, right) 

Demand regarding quantity of informa
tion 
A modern ATC system must 
- warn or brake in all situations that can 

be dangerous 
- not warn or brake unnecessarily, sin

ce this would reduce the traffic ca
pacity and reduce the driver's con
f idence in the system. 

The ATC system must therefore handle 
approximately the same amount of in
formation as the driver whose driving 
the system is to supervise, 

JZG 700 has the required high informa
tion capacity. Furthermore it is possible 
to start by install ing a simple system, 
which has certain l imitat ions as regards 
traffic capacity. Later on. when the de
mand grows and experience has been 
gained, the ambit ion level can be in
creased and addit ional equipment in
stalled, for example at a certain signal, 
along a line, for a certain type of loco
motive or more generally throughout 
the system. 

Safety requirements 
For reasons of safety the ATC system 
must never let trains be driven at a speed 
that exceeds the permissible limit. The 
system must be safe even if a fault oc
curs. This applies for all types of faults, 
including design and programming 
faults. 

Fail safe does not mean freedom from 

faults. For example, if a fault occurs, the 
ATC system may interpret a "proceed -

messageas "stop" and brake the train A 
stop message, on the other hand, must 
never be interpreted as "proceed". 
Availability, i.e. t heamoun to f t imewhen 
the equipment works accurately, and 
fail safe are to a certain extent in opposi
t ion. Redundancy in code words or du
pl ication of equipment can be used to 
increase the safety, but it then reduces 
the availability. 

Fail safe means that 
- no probable fault, including second

ary faults, may create a situation in 
which the train can be driven faster 
than would have been allowed if the 
fault had not occurred 

- a fault must be detected and cleared 
so quickly that the probabil i ty is very 
low that another fault will occur 
which, in combinat ion with the first, 
can lead to a dangerous situation. 

The safety requirement determines how 
low these probabil i t ies must be. The 
safety demands on an equipment mean 
that the design and manufacture be
come considerably more diff icult and 
expensive. 

System JZG 700 
JZG 700, the latest ATC system de
veloped by LM Ericsson, transmits a 
considerable amount of information 
from beacons in the track, via an anten
na on the locomotive, to the evaluation 
and presentation equipment in the loco
motive. The system, f ig. 2, consists of 
- an encoder which senses the signal 

information 
- beacons in the track, which transmit 

the information to the train. The 
beacons are powered by the passing 
locomotive 

- an antenna and transmission unit on 
the locomotive, fo rscann ing the track 
and receiving the informat ion f rom 
the beacon 

- an evaluation unit, which, on the 
basis of informat ion received from 
beacons, panel, speedometer and 
braking system, supervises that the 
driver drives safely 

- a panel for displaying informat ion to 
the driver and for feeding informat ion 
regarding the characterist ics of the 
train to the evaluation unit. 



Fig. 5 
A driver's panel for the Swedish and Norwegian 
State Railways. The ATC panel is shown framed 
in white. The left-hand part of the panel contains 
digit displays that show the speed limits for the 
current line section and the next speed restric
tion. The right-hand part contains thumbwheels 
for entering data concerning the train, such as 
the maximum permissible speed for this particu
lar train, its length and the reaction time and the 
retardation capacity of the brakes. It is also 
possible to enter whether the train may exceed 
certain types of speed limits. For example, future 
special high-speed trains may go through bends 
at higher speeds. 

All units and the communication be
tween them meet stringent safety re
quirements. 

The ATC system is designed for inter-
working with train radio on the locomo
tives. The train radio can via the ATC 
system be provided with information re
garding the position of the train and the 
radio channel number. Via the radio it is 
also possible to quickly inform the eval
uation equipment about changes in the 
signal information, so that initiated 
braking can be interrupted. This elimi
nates the disadvantage of an intermit
tent system compared with a continu
ous system. 

required between signal and beacon, by 
means of different encoders. Further
more the locomotives can have different 
braking systems, different powersupply 
and different speedometers. In these 
cases also, adaption is required. 

The administrations have different safe
ty regulations and different opinions re
garding the information to be provided 
for the train driver. This affects the panel 
design and computer program. The pro
gram in JZG 700 hasa modularstructure 
and is to a large extent written in a high-
level language in order to simplify 
adaption to different requirements. 

Fig. 6 
Warning and braking when the speed limit is 
exceeded. 
a. The display shows the speed limit (VMaI) 
b. Acoustic and visual alarms are given when the 

speed limit is exceeded by between 5 and 10 
km/h 

c. Automatic braking is carried out when the 
speed limit is exceeded by more than 10 km/h. 
The braking is indicated by a lamp. When the 
speed of the train is reduced to the permissible 
level the driver can cancel the braking by 
depressing a button 

A fully electronic recording equipment 
can be connected to the ATC system. It 
records all relevant information, so that 
if an accident should occur, it will after
wards be possible to reconstruct the 
events before the accident. 

Adaption to special requests from 
administrations 
Traditionally the railway administra
tions have different signal aspects. 
These differences mean that adaption is 

Function 
The speed supervision in modern ATC 
systems is carried out by means of 
- indication of the speed limit 
- warning and braking when the speed 

limit is exceeded, fig. 6 
- warning and braking when the driver 

does not reduce the speed suffi
ciently when approaching a lower 
speed limit, fig. 7 

- emergency braking if the train passes 
a stop signal. 
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Fig. 8 
Choice of frequencies for JZG 700 

Relative interference level from the traction current 
Attenuation by 10 mm iron ore concentrate 
Attenuation by 100 mm water 
Information frequency 
Scanning frequency 

Advance signals and signs along the 
line inform the train driver about speed 
limits on the following sections. Via en
coders, beacons and inductive trans
mission to the locomotive the evalua
tion equipment receives the same infor
mation, supplemented by information 
regarding track gradient and distance to 
the beginning of the section with the 
new speed limit. On the basis of this 
information and the data regarding the 
braking characteristics of the train, 
which were fed in via the driver s panel 
before the train started, the equipment 
calculates when the train must be 
braked in order to slow down to the set 
speed limit at the beginning of the rele
vant section. On the Swedish and Nor
wegian State Railways this information 
is displayed for the driver when the train 
is at the normal braking distance (8 sec
onds before the ATC system intervenes). 
After that a warning that the train must 
be braked immediately is given 3 sec
onds before the ATC system acts. If the 
driver still does not apply the brakes, 
this is done automatically. 

Track-to-train transmission 
The demands madeon the track-to-train 
transmission are severe as regards abil
ity to withstand adverse environment, 
quantity of information and safety. 

The environmental requirements are 
that the system must be able to with
stand 
- ambient temperatures between -40 

and +70 C 
- impact acceleration on the beacon up 

to 300 m/s2 (30 g) 
- blows on the locomotive antenna 

from bouncing gravel 
- oil on the antenna and beacon 
- 100 mm water or ice on top of the 

beacon 
- the train antenna covered with ice or 

snow 
- 10 mm iron ore concentrate on top of 

the beacon 
- electrical and magnetic interference 

from the locomotive 
- interference from radio transmitters. 

These environmental requirements af
fect the choice of material and transmis
sion frequency. Low frequencies suffer 
more from interference from the loco
motive traction system. In addition low 
frequency means large dimensions. The 
choice of higher frequencies is mainly 
limited by the effects of water, dirt and 
ore on the beacons, fig. 8 

The telecommunications administra
tions accept the use of the interna
tionally standardized ISM band at 

Fig. 7 
The function of the ATC sys tem on the Swedish 
s ta te railways for a train a t 70 km/h which 
approaches a s top signal wi thou t the driver 

applying the brakes . 
S is the dis tance be tween the poin t where the 
ATC sys tem intervenes and the beginning of the 
section with lower speed limit 
S = t h e advance warning dis tance + the brake 
application dis tance + the braking dis tance 

VT The speed of the train 
V The speed limit (in this case 0 km/h) 
t M Advance warning time 
t* The apppl'cation time of the brakes 
h The retardation of the train with full braking power, 

adjusted for track gradient and bad track conditions 



26 

Fig. 9 
The quantity of information per message. 
The message from a beacon consists of three 
eight-bit data words, D,, D2 and Dv and a syn
chronization word, S, alternating with S2. The 
message must be transmitted at least eight times 
while the locomotive travels over the beacon. 

27 MHz for the scanning signal from the 
locomotive to the beacons. The fre
quency is at the upper limit for what is 
called inductive transmission. 

The level of the signal from the beacon 
to the locomotive is so low that there is 
no risk of it causing interference. The 
locomotive motors cause more inter
ference than this signal. A frequency of 
4.5 MHz was chosen for this direction to 
avoid any disturbance from radio trans
mitters. 

The quantity of information which it 
must be possible to transmit to the loco
motive corresponds to more than 3000 
different messages. This is achieved by 
sending 3 words, each with 4 informa
tion bits, from each beacon. Four redun
dancy bits per word are added in order 
to reduce the risk of errors. The 8-bit 
words thus obtained are encoded so 
that 4 bits in a word must be wrong if it is 
to be possible to mistake one code word 
for another. 

In order to reduce the error risk further, 
the equipment in the locomotive will 
only accept messages that have been 
identical at least four times of the eight 
times it has been received during the 
passage over a beacon. Each three-
word message is preceded and followed 
by different eight-bit synchronization 
word. These precautions mean that the 

risk of a message being misinterpreted 
is negligible. 

As can be seen from fig. 9, more than 
256 bits must be transmitted while the 
locomotive passes over a beacon. With 
train speeds of up to 300 km/h and a 
beacon and antenna size of only 0.5 m a 
transmission rate of 50 kbit/s is re
quired. 

The safety requirements demand that 
beacons must be detected and that it 
must be impossible to misinterpret a 
message. The risks of misinterpretation 
have already been discussed. The 
beacon is designed so that no individual 
fault or probable combination of faults 
can lead to the beacon transmitting a 
less restrictive message than the cor
rect one. 

The beacons are installed in groups of 
not less than two. If one beacon de
velops a fault the driver of a train that 
passes this beacon receives an alarm 
The equipment in the locomotive 
checks that the beacon groups are com
plete and that the distance between ad
jacent groups is correct. 

For reasons of safety and maintenance 
the transmission of information to the 
train has been made independent of bat
teries etc. in the track equipment. The 
energy for the beacon logic and the sig-

Fig. 10 
A block diagram of the electronics in a beacon 
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Fig. 11 
Antenna 

The ATC system of the Swedish State Railways can 
transmit any ot the following numbers of messages from 
the beacon to the antenna: 
- current speed limit from main signal 14 
- subsequent speed limit from advance signal, i.e. the 

speed the train must keep at the next main signal 14 
- speed limit from speed limit signs (5 causes and 

42 levels) 210 
- subsequent speed limit from precaution signs, i.e. 

the speed the train must keep at the next speed 
limit sign 210 

- distance between advance signal and main signal 
or between precaution sign and speed limit sign 210 

- track gradient 15 
- signal identity 2048 
- radio channel number 196 

Fig. 12 
An evaluation unit, mounted in a driver's cabin. 
The unit consists of a power unit and transmis
sion, processor, data storage and interlace units 
in the form of printed board assemblies. They are 
placed in a cabinet having the dimensions 
400x300x325 mm. The problems with inter
ference from the locomotive have been overcome 
by galvanic insulation and filtering of all incom
ing and outgoing conductors at the input to the 
evaluation unit. Communication with the panel 
takes place over two-wire lines, with data sent in 
series form. 

nail ing back to the train is transmitted 
from the train. The energy for the en
coder electronics and its control signals 
to the beacons is taken from the power 
feeding to the lamps in the signals that 
the encoder is sensing. 

Beacon design 
Fig. 10 shows the block diagram of a 
beacon. The scanning signal f rom the 
locomotive is received by the receiving 
loop in the beacon. The scanning signal 
consists of a 27 MHz carrier, interrupted 
by 50 kHz clock pulses. The energy con
tent of the signal is stored and the clock 
pulses are fi l tered out The receive side 
of the beacon contains an energy output 
and a clock output. 

Every clock pulse shifts the contents of 
a register in the beacon logic one bit 
forward. The register contains the mes
sage to be sent to the train. When the 
shift register output contains a zero the 
energy stored in the receive side of the 
beacon isfed out to a resonance circuit, 
whose inductance consists of the trans
mitt ing loop. The resonance circuit 
starts to oscil late at 4.5 MHz with decay
ing ampli tude. No energy is fed to the 
resonance circuit if there is a one on the 
shift register output. 

When 32 bits have been shifted out in 
this way, new information is read into 
the shift register in parallel. Fixed infor

mation, such as synchronizat ion words 
and information regarding preset speed 
limits and distances, is obtained from 
strapped connect ions in the beacon. In
formation concerning signal-depen
dent speed l imits is obtained from the 
encoder 

The beacon consists of a sheet of glass 
fibre armoured plastic with receiving 
and transmitt ing loops embedded in the 
rim. The electronic components are 
mounted on a printed circuit board 
placed in a box underneath the sheet. 
The printed board assembly is sur
rounded by a f i l l ing that protects the 
components against damp, reduces 
vibrations and prevents cracking by 
frost. A life of 40 years has been aimed at 
when designing the beacon. The 
beacons are only 22 mm high so that 
they are not damaged dur ing snow 
clearing and other work on the track. 
Their width is 400 mm and the length 
536 mm. 

Transmission equipment in the locomo
tive 
The carrier is generated in the transmit
ter printed board assembly in the eval
uation equipment. The carrier is modul
ated by 50 kHz clock pulses which cut 
off the carrier for a few microseconds. 
The antenna equipment contains a 
power amplif ier stage for the output sig
nal. The antenna is shown in f ig. 11. 



Fig .13 
The two-program method means that 
- tests and checks are carried out at the specifi

cation stage in order to find any faults before 
the work is divided between the two teams of 
programmers 

- each program is made so sate that the proba
bility that both programs have the same, inde
pendent fault is negligible 

- the interdependency of the two programs is at 
a level where checks and tests can be carried 
out 

- faults in the programs are detected by compari
son 

- all possible cases are tested when they occur 

The 4.5 MHz signal f rom the beacon is 
received by two loops in differential 
coupl ing in the antenna. This coupl ing 
suppresses the 27 MHz signal f rom the 
send loop, which is placed between the 
two receive loops. It also suppresses ra
dio interference. 

In order to ensure that the antenna and 
transmission funct ion satisfactori ly 
they are frequently tested by means of a 
test beacon placed in the antenna. This 
beacon can never be more sensitive or 
send a stronger 4.5 MHz signal than the 
faintest beacon which the equipment 
must be able to detect. The test beacon 
is activated every 50 ms by the computer 
in the locomotive. An alarm is given if no 
signal is then detected. 

The evaluation equipment and its safety 
level 
The evaluation equipment, f ig. 12, has to 
process so much information that com
puters have to be used. Hitherto the use 
of computers in safety systems has been 
restrained, al though development and 
experiments have been carried out in 
many countries. Solut ions have been 
sought that make the systems safe in 
spite of the fact that components in the 
computers can develop faults. The fault 
types that must be considered in a com
puter system are 
- hardware faults, such as random 

component faults, systematic compo
nent faults and interference 

- software faults. 

Much of the experience gained from re
lay and electronic systems wi thout com
puters can be drawn upon to clear hard

ware faults in computer systems. 

Two independent channels are often 
used for the processing of information 
in order to detect any random compo
nent faults. Checks that the results are 
the same are made at the channel out
puts and at suitable points in the chan
nels. If this checking is made frequently 
and is extensive enough, the risk is neg
ligible that both channels develop the 
same, independent fault wi thout it being 
detected. 

Complex components sometimes con
tain systematic faults, i.e. faults that oc
cur in all c ircuits of a certain type or in a 
certain product ion batch. For example, 
a certain combinat ion of data can cause 
a funct ional fault since the component 
may be pattern sensitive. The risk of 
such faults affect ing the funct ion is 
small enough to be acceptable as re
gards the availability requirements for 
most systems, and the components are 
therefore sold in spite of the faults. In 
safety systems such faults must be ren
dered harmless. 

In safety systems it is also important that 
dangerous output data are not pro
duced even outside the specified tem
perature range, and thus faulty func
tions must also be considered in these 
areas. 

Systematic component faults can be de
tected by designing the two calculation 
channels differently, or by not using 
them in the same way. Differences be
tween the channels also mean that the 
results obtained wil l be affacted in dif
ferent ways by any interference. 

28 
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Fig. 14 
The program cost as a function of the maximum 
permissible number of faults for one and two 
Droarams 

Fig. 15 
Installation. 
The Swedish State Railways have made great 
efforts to get the ATC system installed and taken 
into service as quickly as possible. Several aids 
have been developed to simplify the installation 
in the track. The picture shows one of the three 
special vehicles that plough down the cables 
which connect the encoders and the beacons 

Of all the possible types of faults in a 
computer system, software faults are 
most diff icult to clear. It is well known 
that it is practically impossible to design 
faultless programs unless the programs 
are very simple. It is even more diff icult 
to prove that they are faultless. 

However, it is fairly easy to make a pro
gram funct ion properly in normal situa
tions, since any faults are quickly de
tected dur ing funct ional tests in the real 
environment and dur ing simulat ions. 
But safety systems require that the pro
gram funct ions properly even in abnor
mal situations. The safety requirements 
for ATC systems are about six powers of 
ten more str ingent than the availability 
requirements. 

Since there is no method or combina
tion of methods that makes the program 
faultless, the system design must be 
such that residual program faults do not 
have any dangerous effects. 

The method chosen by LM Ericsson for 
the programming of the ATC system is 
based on redundancy programming 
Two independent programmer teams 
each design and test a program version 
that they make as safe as possible. 
When the two programs are executed, 
an alarm is given if any intermediary re
sult or the final result differ, f ig. 13. 

Both these programs and the compari
son program are stored in the equip
ment, and dur ing the operat ion the pro
grams are tested against each other for 
every combinat ion of input data that is 
used. The ATC system is too complex to 
allow testing of all possible combina
tions of input data before it is put into 
operat ion. 

The method using two programs means 
that any remaining faults are harmless 
The faults that remain concern only very 
odd and abnormal situations, and thus 
they do not affect the availability of the 
system. 

Installation and putting into 
operation 
LM Ericsson designs and manufactures 
encoders, beacons, antennas, evalua
t ion units and drivers's panels for ATC 
system JZG 700. In Norway and Finland, 
the countr ies that have most recently 
ordered ATC, LM Ericsson is the main 
contractor for the system and supplies 

all equipment. In Sweden and Denmark 
LM Ericsson supplies all g round and 
transmission equipment, whereas the 
majority of the evaluation equipment 
and panels are suppl ied by another 
manufacturer. 

However, to put an ATC system into op
eration requires more than just the de
livery of the described equipment. The 
input signals to the system must be gen
erated and the output signals from the 
system must be dealt wi th. The equip
ment must be installed. The mainte
nance organization must be prepared to 
take on the ATC system The train drivers 
must be trained. The cost of the auxiliary 
equipment and the work connected with 
the installation of ATC is approximately 
of the same order as the cost of the ATC 
equipment itself. 

The Swedish State Railways calculate 
that the installation of the 1200 locomo
tive equipments will take about three 
years The installation is contracted to 
different installation f irms. 

The State Railways themselves are car
rying out the installation of the about 
11000 encoders and 40 000 beacons. 
The work is expected to take five years, 
but so far it has gone better than plan
ned. Great efforts have been made to 
ensure that the planning and installa
t ion of the ground equipment proceed 
smoothly and efficiently without any of 
the safety aspects being neglected, f ig. 
15. 

In Sweden, area after area are taken into 
operation and locomotive after locomo
tive is put into service as soon as the 
installation work is completed All com
muter train traffic in the Stockholm re
gion will be equipped with ATC in 1981. 
The lines S t o c k h o l m - M a l m o (south 
Sweden) and S tockho lm-Go thenburg 
(west Sweden) wil l also be completed in 
1981. 

The first lines in Norway wil l be taken 
into service in 1981, in Denmark in 1983 
and in Finland in 1984. Outside the Nor
dic countr ies an early variant of the sys
tem was put in operat ion in Taiwan in 
1979. 
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Stored Program Controlled PABX, 
ASB 20 

Lennart Nyberg 

LM Ericsson have, in collaboration with their Italian subsidiary. FATME. 
developed a microcomputer-controlled PABX for up to 28 extensions. 
The PABX offers many facilities which have previously only been available in 
large PABXs. The revolutionary development in the semiconductor field has now 
made this economically feasible. Particular care has been taken to give the 
system a rational mechanical construction and make the operation and 
maintenance functions simple and efficient. 

UDC 621 395.22 
621.3 049 774 

ASB 20 is a microprocessor-controlled 
PABX with programs and data stored in 
semiconductor stores. The PABX is de
signed for analog speech transmission. 
The switching elements in the switching 
network consist of semiconductors. 

Conventional rotary dial and/or push
button telephones can be connected to 
ASB 20. Register access during a con
versation is gained by pressing the re
call button (R-button). ASB 20 can be 
connected to virtually all public ex
change types available on the market 
via its programmable public trunk cir
cuits. Signalling towards the public ex
change can be achieved using different 
types of decadic signalling, alternatively 
by means of Dual Tone Multi-Frequency 
(DTMF)-signalling. 

All sizes of ASB 20 can be supplied with 
an operator console. Alternatively, it is 
possible to use a conventional tele
phone to expedite incoming and outgo
ing calls. 

The use of modern electronic compo
nents and stored program control have 
made it possible to equip the system 
with many valuable facilities such as 
DTMF-signalling, abbreviated dialling 
and automatic call back. The service su
pervision is also stored program con
trolled. An alarm is sent to the operator if 
a fault occurs. 

Mechanically the PABX is designed as a 
compact unit with the power supply unit 
and the connection field as integral 
parts ASB 20 can be equipped with one, 
two or three printed board assemblies 
depending on the desired number of ex
tensions. The PABX is delivered from the 
factory completely assembled and test
ed. 

On installation of ASB 20 the installer 
feeds in specific customer data via the 
operator console. Existing customer 
data can subsequently be changed or 
more added by the operator or other 
personnel at any time. No special train
ing is required for this purpose. Altera
tion and addition of data can be made 
quickly and at short notice. 

Fig. 1 
Operator console and cabinet for PABX ASB 20 
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System structure 
ASB 20 consists of a telephony sub
system and a control subsystem. The 
exchange of information between them 
is carried out over a bus system. Fig. 2 
shows a block diagram of the PABX. The 
units with solid outlines are always in
cluded in the PABX, whereas the units 
with broken outlines constitute auxiliary 
equipment, which can be provided if re
quired. 

Telephony subsystem 
The subsystem consists of a switching 
network and the associated line circuits 
for the extensions and the operator, 
public trunk circuits, devices for tone 
sending and receiving etc. 

ASB 20 has a single-pole switching net
work. The semiconductor elements that 
are used in the crosspoints are of the 
MOS type. The switching network has a 
bus structure and is divided into two 

Fig. 2 
Block diagram for stored program controlled 
PABX. ASB 20 
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Fig. 3 
The switching network in ASB 20 utilizes MOS-
transistors as crosspoinls Each switch element 
contains a matrix with 2x8 crosspoints with 
integrated latches 

groups of links, one for internal and one 
for external traffic. Each external link is 
connected to one public trunk circuit. 
The crosspoint matrices of the switch
ing network are placed on the same 
printed board assembly as the tele
phony devices they serve. The switching 
unit is used not only to set up calls but 
also to connect the tone sender, dial 
tone receiver, DTMF-tone sender and 
DTMF-receiver. ASB 20 possesses up to 
four DTMF-receivers but only one tone 
sender, tone receiver and DTMF sender, 
all three of which are time-shared. The 
crosspoint in the switching network is 
used to generate the various tone 
cadences for dial tone, busy tone etc., 
fig. 3. 

A call from an extension is detected in 
the line circuit fig. 2. The control sub
system, which regularly scans the line 
circuits, selects a free internal link, con
nects a DTMF-receiver and a tone send
er for dial tone. The extension can then 
start dialling. The digits are analyzed in 
the control subsystem. If the dialled 
number corresponds to an internal 
number the DTMF-receiver is released, 

the ring signal is connected to the called 
extension (B-extension) and the ring 
control tone to the calling extension (A-
extension). When the B-extension an
swers, both ring signal and ring control 
tone are disconnected and the speech 
path is through-connected. 

If the extension is equipped with a rotary 
dial telephone, the digits are received in 
the line circuit and the DTMF-receiver is 
released after detection of the first 
break pulse. 

If the digit analysis shows that the exten
sion has dialled the digit for external 
calls, a free public trunk circuit is se
lected, the public exchange is called 
and, using a time-division mode, the dial 
tone receiver scans the public trunk cir
cuits in order to detect dial tone. After 
receipt of dial tone the extension dials 
the number of the external subscriber. 
The dialled digits are stored temporarily 
in the data store and under processor 
control are then sent towards the public 
exchange by decadic signalling or 
DTMF-signalling 

All external traffic can be subjected to 
Trunk Call Discrimination, TCD. Up to 5 
digits are compared with a digit table 
compiled according to customer re
quirements and contained in the data 
store. 

Incoming traffic can be handled in sev
eral different ways in ASB 20. An opera
tor can answer the calls using either a 
console or a conventional telephone. In
coming traffic can also be handled with
out any operator, the calls being sig
nalled on separate bells Any extension 
can then answer a call by lifting the 
handset and dialling digit "8". It is also 
possible to assign individual extensions 
a public trunk circuit for exclusive use 
for both incoming and outgoing traffic. 

From the point of view of traffic hand
ling the alternative with a telephone op
erator and an operator console is rec
ommended The operator console 
makes it easier to deal with the incom
ing traffic and provides a good survey of 
the traffic situation. A speech link is re
served for the operator console, and the 
transmission of digits between the con
sole and the PABX takes place over a 
separatedata channel. This guarantees 
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Fig. 4 
The ASB 20 program structure 

fast and congestion-free service for the 
operator. The informat ion provided on 
the display panel in the console, in the 
form of digits, letters or symbols, is sim
ple and easy to understand. A feature of 
interest is that the number of queuing 
calls is stated on the display panel. 

Control subsystem 
The central unit in the control sub
system is an 8-bit microprocessor with 
program and data stores, f ig. 2. The pro
gram store consists of EPROMs which 
retain their informat ion in the case of a 
power failure. The data store for the pro
grammed system parameters, specific 
customer data and temporary storage of 
digits and other parameters consists of 
C-MOS RAMs. This store is supple
mented by a battery which is charged 
during normal operation and which re-

tains the stored information for about 
100 hours in the case of a mains failure. 

Fig. 4 shows the program structure. The 
main aim has been to produce a pro
gram system with small volume and 
rapid program execution. It compr isesa 
block for telephony funct ions and a 
block for operation and maintenance 
programs. 

The telephony block consists of func
tion programs and traffic handl ing pro
grams with defined signal relations. The 
funct ion programs work direct with the 
hardware for the sensing and scanning 
of signal states and for operating the 
hardware. The traffic handl ing pro
grams control the various traffic pro
cesses and facilit ies. 

The operation and maintenance pro
grams consist of interrupt programs 
and supervisory programs. The inter
rupt programs are control led by dif
ferent types of hardware signals and in
terrupt the ordinary program handl ing. 
When a PABX is put into operation for 
the first t ime an interrupt program is 
calles in, and using the basic system 
data it automatically starts the PABX, i.e. 
prepares it for traffic handl ing. 

The supervisory programs monitor the 
funct ions of the PABX during operat ion. 
These programs utilize available pro
cessor capacity dur ing pauses between 
the traffic programs and send alarm 
messages to the operator if a fault oc
curs. 

Traffic functions and 
facilities 
The PABX is supplied with complete 
software for all ASB 20 traffic funct ions 
and facilit ies. The hardware for the call 
metering and DTMF-signall ing facil i t ies 
is offered as optional equipment. ASB 
20 has the fo l lowing basic facil i t ies: 

Extension faci l i t ies: 
- internal calls 
- outgoing calls, direct or via operator 
- incoming calls via operator, alter

natively signalled on common bells 
and answered by an extension dial
ling digit " 8 " answer code 

- inquiry dur ing external calls 
- call transfer, before or after answer 



Fig 6 
The cabinet for PABX ASB 20 with two of the four 
printed board assemblies pulled out 

Fig. 5 
The operator console in ASB 20 
The upper panel contains alarm lamps, busy 
lamps for the trunk circuits and display with 
symbols for information on call progress. The 
lower panel contains busy lamps for the exten
sions, function buttons and a pushbutton unit 

trunk call d iscr iminat ion, by which 
the call possibil i t ies can be l imited for 
certain extensions. A maximum of 30 
area codes are accessible to these ex
tensions. Up to maximum 5 digits are 
used to define each of these area co
des 
automatic call back on busy, by dial
ling suffix digit "6 " 
common abbreviated dial l ing. A three 
digit number dialled by an extension 
results in the automatic transmission 
of a preprogrammed external num
ber. A total of 36 such numbers with a 
length of 11 digits can be pro
grammed by the operator. These 
numbers can be paired and combined 
to form numbers maximum 21 digits 
long 
extension group hunt ing to one 
group of 5 extensions. The hunt order 
can be on a fixed hunt basis or by 
cyclic stepping 
selection of individual public trunk 
circuit. Can be util ized by extensions 
and operator by dial l ing the circuit 's 
individual number 
call wait ing. A tone message is sent to 
a busy extension when the operator 

extends an external call. A tone mes
sage is also sent for each new incom
ing call or recall to an extension used 
as night service posi t ion, or to an op
erator equipped with a conventional 
telephone 

- executive intrusion. Extensions as
signed this facil ity can intrude upon 
an ongoing call. Warning tone is is
sued to all three parties 

- common night service. To a predeter
mined, common, programmable ex
tension 

- universal night service. Incoming 
calls are signalled on separate bells 
and are answered by any extension 
dial l ing digit " 8 " 

- extension exclusive trunk circuits. 
Can be assigned for the exclusive use 
of individual extensions by program
ming. Incoming calls are routed di
rectly to the extension. Call transfer 
on such trunk circuits is permissible 

- direct connect ion to publik trunk cir
cuits on power failure. Maximum 4 
trunk circuits are connected direct to 
predetermined extensions 

- private trunk circuits to other PABXs. 
Each private trunk circuit occupies 
one publ ic t runk circuit posit ion, with 
through-connect ion possible on 
power fai lure, plus one line circuit. 
The funct ion is programmed and re
quires no addit ional hardware. Traffic 
on tie lines utilizes decadic signalling 

- DTMF-signall ing towards the public 
network. Addit ional hardware is re
quired 

- peripheral paging unit. Connect ion of 
this requires one trunk circuit 

- call metering. Utilizes pulses from the 
public exchange (50 Hz. 12 kHz or 16 
kHz). Addit ional hardware is required. 

Operator console and 
operator facilities 
Even the smallest ASB 20 version can be 
equipped with an operator console, figs. 
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Fig. 7 
A printed board assembly tor ASB 20 containing 
power connectors in the far edge and connectors 
for bus cables and the cable to the connection 
field in the near edge 

Fig. 8 
The PABX cabinet dropped forwards with connec
tion field fully accessible 

1 and 5. The operator console is easy to 
handle and provides a good overview of 
the traffic situation. An 8-window dis
play unit allows the operator to follow 
the progress of a call quite simply. The 
display unit shows: 
- call type 
- number of relevant trunk circuit 
- serial call marking 
- extension number 
- extension state 
- amount of queuing calls 

An explanatory symbol exists above 
each window. The information for all 
traffic cases is simple and unam
biguous. 

The operator console also contains indi
vidual busy lamps for each extension 
and trunk circuit plus two alarm lamps. 
The console is equipped with five func
tion buttons each marked with a symbol, 
a volume control button for the call sig
nal and a unit with 12 pushbuttons for 
dialling and programming. 

Night switching of the console is 
achieved by the operator dialling a pre
determined code or by not answering 
incoming calls. 

In addition to the facilities provided for 
the extensions the operator can. 
- park calls 
- camp calls on to busy extensions 
- set up serial call procedures 
- program system data 
- read off system data 
- read off metered call data. 

The operator can program: 
- extension classes of service 
- common night service extension and 

universal night service 
- call number for extension group 

hunting, extensions in the group and 
hunt method 

- exclusive trunk circuits 
- permitted area code numbers for ex

tensions for trunk call discrimination 
- external abbreviated numbers 
- device blocking 
- reading of call meters for extensions 

and public trunk circuits. 

The operators programming functions 
can be limited. The limitations are pro
grammed by the installer of the PABX. 

The operator console is normally con
nected direct to theexchange viaa plug-
in cable. The distance between console 
and exchange can be up to 25 m. 

Mechanical construction 
Cabinet and printed board assemblies 
The exchange cabinet is built up from 
three pairs of extruded aluminium sec
tions. The main top and bottom sections 
are U-shaped and lock together. The 
end pieces are screwed to the top and 
bottom sections. The cabinet is hinged 
to a wall bracket and. when upright, 
covers the bracket, fig. 6. The connec
tion field is also mounted on the wall 
bracket. 

The top and bottom sections of the cabi
net have four grooves for the printed 
board assemblies. Internal cooling 
flanges are fitted between the printed 
board assemblies. The heat dissipation 
in the cabinet is so good that forced 
cooling is not necessary. 

The power supply unit is mounted atone 
end of the cabinet. The printed board 
assemblies are slid in from the other end 
and are plugged into the power supply 
unit via one connector for all power. The 
free ends of the printed board assem-



Fig. 9 
The PABX cabinet, showing how the printed 
board assemblies are connected 

blies are each equipped with three con
nectors. The upper two of these are 
used to connect the printed board as
semblies together by means of plug-in 
bus cables. Via a plug-in cable to the 
third connector the printed board as
sembly is connected to the connect ion 
f ield, figs. 8 and 9. 

Connection field 
The connect ion field behind the PABX 
cabinet is readily accessible when the 
cabinet is dropped forwards, f ig. 8. The 
terminal strips for the trunk circuits and 
extension lines have slots where the 
wires are pressed down between cut t ing 
tags without the insulation having to be 
stripped off. There is room in the termi
nal strip for l ightning protectors for all 
lines. All trunk circuits are always sup
plied from the factory with l ightning pro
tectors. 

The cable from the operator console is 
plugged into a jack in the connect ion 
field, which also conta insatermina l box 
for fixed connect ion of power to the 
PABX. The remaining space in the 
bracket is occupied by a compartment 
for the documents concerning the 
PABX 

Power feeding 
ASB20 is delivered with a built- in power 
supply unit for mains connect ion to 110, 

117, 127, 220, 230 or 240 V single-phase 
a.c. voltage at a frequency of 50 or 60 Hz, 
f ig. 10. 

The various operat ing voltages for the 
PABX are generated by t ransforming the 
mains voltage and then rectifying and 
regulating the voltages thus obtained. 
Each voltage is either current- l imited or 
load-protected by fuses. The fuses are 
easily accessible f rom the rear of the 
PABX when it is dropped forwards. 

The connectors for the power feeding to 
the printed board assemblies in the 
PABX are mounted on a printed board 
assembly in the power supply unit. 

The power supply unit supplies 12 V. a.c. 
on a separate output to the operator 
console which contains the required 
rectifier and regulat ion circuits. 

The power supply unit also contains two 
thyr istor-control led voltage outputs for 
the ring voltage. One output is used for 
the telephones connected to the PABX 
and the other is used for r inging on com
mon bells. The r inging is at the mains 
frequency, and the connect ion and dis
connect ion are control led by the PABX 
software. The power supply unit can be 
supplemented with an extra printed 
board assembly for r inging at 25 Hz. 

Fig. 10 
The power supply unit (to the right) with the 
connectors for the printed board assemblies at 
the top 
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Capacity 
Extensions 
Trunk 
circuits 
Internal 
lines 
Telephone 
operator 
DTMF-
receivers 
Printed 
board 
assemblies 
Traffic in 
erlangs per 
extension 
for a fully 
equipped 
system 

2" 

0.2 

* One printed board assembly partly equipped 

Telephones Pushbi 
DTMF-
dance 

jtton 
signall 
with 

telephone for 
ing in accor-
CCITT recom-

mendations and with a recall 
button 
Rotary 
pulse 
and a 
50/50 

Extension numbers 

Current feed resistance 
Extension line 

loop resistance 

leakage resistance 
Attenuation at 800 Hz 

external circuit 
internal circuit 

Crosstalk attenuation 
at 1100 Hz 

Power supply 
a.c. voltage 

frequency 
power consumption 

Ambient temperature 
Relative humiditty 
Dimensions 

height 
width 
depth 

depth with connection 
field 

Weight (fully equipped 
exchange) 

dial telephone for a 
frequency of 8-16 Hz 
pulse ratio of 30/70-

Two digits, fixed 
numbers 
ohms 

ohms 

2x400 

1800 incl. 
telephone 

kohms 40 

dB 
dB 

dB 

V 

Hz 
W 
°C 

% 
mm 
mm 
mm 

mm 

^ 

1 
7 

>80 

110. 117. 127, 
220, 230. 240 
50 or 60 
90 to 130 
+5 to +40 
20 to 80 

370 
645 
146 

193 

27 

Installation and testing 
ASB 20 is a compact unit which requires 
very little space. It works silently and is 
preferably placed in an ordinary office 
environment, near the telephone opera
tor. The installation work consists of fix
ing the PABX to a suitable wall, con
necting the telephone lines and power, 
programming the customer data and 
testing the functions. The installation 
time is short because: 
- the whole PABX system, with supple

mentary printed board assembly and 
the operator console, is tested at the 
factory before delivery 

- restrapping for adaption to different 
markets is done by means of movable 
U-links 

- all connections are made by means of 
slot strips or plug-in connectors 

- the customer data are programmed 
by means of commands. No program
ming is required for the basic system 
data. These data are read into the data 
store from the program store by an 
interrupt when the PABX is connected 
to the mains 

- customer data can be programmed 
before installation if required. The 
data store with programmed custom
er data can withstand a transport time 
of 100 hours 

- the software includes test programs 
which simplify fault locating. 

Operation and maintenance 
The operation and maintenance of ASB 
20 is very simple since the system only 
contains one power supply unit and 
three types of printed board assemblies. 
If a fault occurs the test programs indi
cate the faulty printed board assembly. 
It takes only a minute or two to change 
the board. The data store battery should 
be changed approximately every fifth 
year. No other preventive maintenance 
is required. 

Service supervision 
The following circuits and functions are 
supervised automatically: 
- data stores 
- switch circuits 

- short mains failures. If a failure is 
shorter than 100 ms all calls in pro
gress will be unaffected 

- too low working voltage for the micro
processor 

- faulty program execution 
- the content of the data store, i.e. 

whether it is still correct after a power 
failure. 

If a fault occurs, an indication is ob
tained on the alarm lamp in the operator 
console. The operator can determine 
the type of alarm by means of special 
alarm read-out commands. The opera
tor can also take a faulty device out of 
operation temporarily by blocking it. 
Any such blocking is indicated by a spe
cial lamp in the operator console. 

Aids 
All programming of ASB 20 can be car
ried out using the operator console or a 
pushbutton telephone. The operator 
console can also be used to read out 
stored data for checking. Two four-fig
ure codes, "passwords", one for the in
staller and one for the operator, are 
used to switch the operator console into 
the programming mode. The codes are 
arbitrary and are selected during in
stallation. The installer can also specify 
the programming facilitiesthat areto be 
available to the operator. 

Fault localization 
Faults are located by means of test con-
nectionsfrom any extension. Theopera-
tor programs the desired extension. The 
extension can then be used to enter 
commands which specify the switching 
paths and devices that are to be tested, 
and thus to localize the fault to a certain 
printed board assembly. These test con
nections can be carried out without in
terfering with the normal operation of 
the PABX 

Command language 
The command language used to com
municate with ASB 20 is the same as 
used in LM Ericsson's other PABXs in 
the ASB series. It has been modified and 
simplified in some respects. A com
mand consists of a two-digit command 
code and in certain cases also a param
eter part. 



Cable for Rural Networks 

Thor Aarum and Arne Ernbo 

The transmission section of the Headquarters of the Swedish Telecommuni

cations Administration. LM Ericsson's division for transmission and local 

network systems and Sieverts Kabelverk AB have jointly developed a trans

mission package which is primarily intended for rural networks It can be used 

for both coil-loaded physical circuits and 0.7 and 2 Mbit s digital line systems. 

The package consists of the cable, housings for intermediate repeaters and 

loading coils, installation material and instructions for planning, installation, 

operation and maintenance. This article provides a description of the cable. 
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Fig. 1 
Screened TUKA cable 

a Copper conductor, single wire 
b Insulation: pair 1 white and blue 

pair 2 turquoise and violet 
The conductors are stranded into a star 
quad 

c. Inner sheath made ot polyethyiene 
d. Screening wires made of tinned copper 
e Aluminium screen 
f. Outer sheath made of solid polyethylene 
g. Suspension strand consisting of seven 0.7 mm wires 

The main characterist ics of telephone 
routes in rural networks are their length 
and the fact that they contain few cir
cuits. The predominant transmission 
methods have hitherto been analog, 
often over physical circuits or 12-chan-
nel carrier systems on bare wire or small 
pair cables. The fo l lowing condit ions, 
which apply for the Swedish rural net
work, may serve to describe a rural net
work in general: 
- Approximately 80 % of the routes in 

the network between, for example, 
primary centres and terminal ex
changes consist of routes with a max
imum of 12 circuits 

- A considerable proport ion of the 
small rural routes consist of bare wire 
circuits, usually with 3.5 mm iron wire 

- The transmission quality of the bare 
wire network is poor. Phantom cir
cuits can normally not be used, partly 
because of maintenance problems 

- Digital transmission overs ide circuits 
in bare wire networks is technically 
diff icult and economical ly unfavoura
ble even if special equipment is de
veloped 

- The uti l ization of exist ing cables is in 
many cases technically and econom
ically unsuitable because of the de
sign of the equipment and the cable 
structure 

- The routes are relatively long, nor
mally 1 0 - 1 5 km. 

However, the problem of maintaining 
existing cable networks, the need of 

more circuits, new telecommunicat ion 
facil it ies and technical advances justify 
the introduct ion of digital transmission 
also in rural networks1 . 

New cable 
A cable that is part iculary suitable for 
digital t ransmission, having only two 
pairs in the form of a star quad, has been 
developed in order to obtain a transmis
sion medium that is technical ly and eco
nomically competi t ive. An evaluation of 
existing small-core standard cables has 
shown that they are unsuitable for digi
tal transmission in rural networks. For 
example, the cheapest and smallest ca
ble used in the Swedish network, a sub
scriber connect ion cable with a star 
quad and suspension strand (desig
nated EVL 1S 0.6. ELKX 4 x0.6 or TUKA), 
does not meet the technical require
ments, mainly because different clima
tic condi t ions affect its transmission 
characteristics. This can be avoided, 
however, by equipping the cable with a 
screen made of a lumin ium foi l . 

The screen acts as a moisture barrier 
and also greatly reduces the risk of in
terference from radio transmitters in the 
long and medium wave bands. The 
basic structure with a star quad, screen 
and suspension strand has been re
tained, because cost estimates have 
shown that this undoubtedly gives the 
lowest cable cost. The new cable is 
designated EEMEL 1S 0.6 or 
ELLALCE4/0 .6 and is also called 
screened TUKA. The cable design is 
shown in f ig . 1. 

Cost optimization 
The screened TUKA cable has been di
mensioned so that the total line system 
cost has been reduced to a minimum. 
This cost consists of the cost of the ca
ble, intermediate repeaters, terminal 
equipment and instal lat ion. In this con
nection the cost of an intermediate re
peater can be considered constant sin
ce the repeater design is decided. The 
installation cost can also be considered 
to be independent of variations in the 
cable dimensions. The cable dimen
sions will of course affect the cable cost 
directly, but also inf luence the cable at
tenuation and hence the repeater spac
ing, i.e. the number of repeaters for a 
given route length, and thus also the 
overall repeater cost. 
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An optimum cable can be dimensioned 
by minimizing the sum of the cable cost 
and the repeater cost. Calculations have 
shown that with set conductor dimen
sions the cost reaches a minimum at a 
certain pair capacitance. The position of 
this minimum is dependent on the ratio 
between the cable and repeater costs. 
Low cable costs and high repeater costs 
give a minimum at a low pair capaci
tance. High cable costs and low repea
ter costs, on the other hand, give a cost 
minimum at higher capacitances. These 
relation chips are illustrated in fig. 2. The 
upper curves apply for 2 Mbit/s systems, 
the lower for 0.7 Mbit/s systems. The 
diagram shows that the cost minimum 
for 2 Mbit/s is found at lower capaci
tances than that for 0.7 Mbit/s. Since the 
minima are rather flat it is possible to 
use the same cable dimensions for both 
systems. In this case the choice was a 
conductor diameter of 0.6 mm and a pair 
capacitance of 42 nF/km. 

The other technical data are given at the 
end of the article. In Sweden loading 
coils are not used on cables with con
ductors smaller than 0.6mm,andhence 
the 0.5 mm conductor diameter was not 
considered. This alternative would 
otherwise have given better handling 
characteristics and a slightly lower 
overall cost for 0.7 Mbit/s systems. 

Attenuation and characteristic imped
ance 
The attenuation of the cable must be 

calculated so that the repeater spacing 
can be decided in order to optimize the 
cost. A cable consisting of a star quad 
inside a metallic screen is a rewarding 
object for such calculations since its ge
ometry is simple and well defined. The 
attenuation and characteristic imped
ance of the cable are calculated from its 
resistance, impedance, capacitance 
and leakage. These parameters in their 
turn are functions of the frequency, the 
geometrical dimensions of the conduc
tors, the insulation and the screen, and 
the characteristics of the materials used 
for these. 

A computer program, which is specially 
adapted for a star quad or pair placed 
centrally in a cylindrical cover made of a 
conducting material, was developed for 
the calculations. The program is used to 
calculate the characteristic impedance 
and attenuation of the cable in the fre
quency range 1 kHz - 10 MHz. Compari
sons with later measurements made on 
a real cable show good agreement. The 
cable model used in the calculations is 
shown in fig. 1. 

Operation 
The repeater spacing will be limited by 
near-end or far-end crosstalk in the ca
ble, by thermal noise or by crosstalk or 
the available amplification in the inter
mediate repeaters, depending on how 
the pairs in the cable are used for digital 
systems. 

With single-cable, i.e. when both direc
tions are transmitted over the same ca
ble, near-end crosstalk is the major 
source of disturbance. The nominal re
peater spacing is then 2.2 km for 2 
Mbit/s and 4.4 km for 0.7 Mbit/s, corre
sponding to about 29 and 34 dB cable 
attenuation at 1024 kHz and 352 kHz re
spectively. 

Repeater housing 
Intermediate repeaters for 0.7 and 2 
Mbit/s systems or loading coils are in
stalled in a housing that is jointed to the 
line cable. The housings are normally 
mounted on poles, but other methods 
may be used. A cylindrical housing has 
been designed for connection to 
screened TUKA cables. It is made of 
acid proof stainless steel, has a diameter 
of 150 mm and is 260 mm high. 

THORAARUM 
Headquarters 
Swedish Telecommunications Administration 
ARNEERNBO 
Transmission Division 
Telefonaktiebolaget LM Ericsson 

Fig. 2 
The relative costs as a function of the pair 
capacitance for screened TUKA cable 



Fig. 3 
A pole with a housing for connecting a screened 
TUKA cable 

Fig. 4, left 
A pole with a suspension device for TUKA cable 

Fig. 5. right 
A joint on a screened TUKA cable 

The housing holds two two-way inter
mediate repeaters, i.e. amplifier for two 
screened TUKA cables, or alternatively 
loading coils for four pairs, and the re
quired number of overvoltage protec
tors. 

When connecting the housing to the ca
ble the same tools and jointing materials 
are used as for ordinary cable joints. The 
housing is described in more detail in 
the following article2. 

Line construction 
The TUKA cable is mounted on poles as 
an aerial cable. The same method and 
suspension devices are used for both 
screened and unscreened cables. The 
unscreened cable is delivered in lengths 
of 250 mandisrunoutei therbyhandor 
from a cable trolley. 

The^'Pinting of the screened cable is 
more complicated. This is because the 
extra jointing of the screen and because 
greater demands are made on the trans
mission characteristics. It is necessary 
to reduce the number of joints to a mini
mum, and the cable is therefore deliv
ered in the greatest possible lenghts. 

The chosen delivery length. 1100 m, cor
responds to a whole loading coil sec
tion. Two lengths are required for a 2 
Mbit/s repeater section and four lengths 
for a 0.7 Mbit/s repeater section. 

Bare wire lines usually contain sections 
with aerial or buried cable. These cables 

can normally be retained when the bare 
wire is replaced by screened TUKA. A 
housing with overvoltage protectors 
and, if necessary, intermediate repea
ters, is then connected in at the joint 
between the TUKA and the multi-pair ca
ble. 

Screened TUKA cable is normally used 
as line cable on existing poles. However, 
in certain cases it is advisable to con
tinue with the TUKA cable right into the 
exchange. It can therefore be buried or 
run in ducts over short distances. The 
TUKA cable must not be used as station 
cable because of the fire risk, since its 
sheath is made of polyethylene. 

Field trials 
The first field trial with a 2 Mbit/s system 
was started in the Swedish Telecom
munications Administrations network 
in 1979. It is expected to be completed 
during 1981. The measurements carried 
out so far have indicated that the cable 
characteristics agree well with the spec
ification. Climatic conditions have not 
influenced the transmission charac
teristics abnormally, neither at low nor 
high frequencies. 

Further trials will be carried out in the 
Administration's network during 1980-
81. They will comprise about 380 km 
screened TUKA cable with coil-loaded 
as well as digital circuits for 0.7 and 2 
Mbit/s. Figs. 3 -5 show details from one 
of the first installations. 
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Fig. 6 
The relative cost of new rural lines. The compari
son concerns screened TUKA cable. PMOK cable 
and a 10-channel radio relay link, and applies for 
Swedish conditions. 

1. Coil-loaded screened TUKA. 2 circuits. 1 cable 
2. Coil-loaded screened TUKA. 4 circuits. 2 cables 
3 One 0.7 Mbits system on screened TUKA. 1 cable 
4 Two 0.7 Mbit s systems on screened TUKA. 2 cables 
5. One 2 Mbits system on screened TUKA. 1 cable 
6. One 0.7 Mbitsystem on radio relay link 
7. 10-pair PMOK 
8. 20-pair PMOK 
9. One 10-pair and one 20-pair PMOK 

Cost comparison 
It may be interesting to compare the 
cost of a new rural line using screened 
TUKA with the cost of other systems 
having equal transmission capacity. For 
this purpose the relative costs have 
been calculated for new lines with 
screened TUKA cables and another, 
new. plastic insulated trunk cable, 
PMOK, and a 10-channel digital radio 
relay link. The calculations, which apply 
for Swedish conditions, comprise the 
cost of cable, PCM multiplex equip
ment, signalling relay sets, line equip
ment or radio equipment, antennas and 
masts, installation and lining up. The 
two exchanges in which the line termi
nates are assumed to be of the analog 
type. The results areshowninfigs.6and 
7. These diagrams show that TUKA ca
ble is a competitive alternative for rural 
networks. 

Summary 
The recently developed screened TUKA 
cable can be used for different types of 
lines, from individual coil-loaded cir
cuits up to 30-channel digital systems. 
The cable is light and thus easy to install 
on poles. Several cables can be run on 
the same pole line when greater capaci
ty is needed. Screened TUKA cable is 
thus a very suitable transmission medi
um for rural networks. 

Fig. 7 
The limits of the mos t favourable cable alterna
tives with different line lengths and different 
numbers of speech channels for new lines in 
Sweden. 
The diagram shows the economical limits for new 
lines. The limits may be different if consideration 
must be paid to voice frequency a t tenua t ion or 
loop resistance. 

The digits 1 - 9 in the diagram mean the same as 
in fig. 6. 

If one exchange is digital and the other 
analog, the alternatives with 0.7 and 2 
Mbit/s on screened TUKA cable are al
ways cheaper when a new line is to be 
installed, since no signalling relay sets 
and multiplex equipment are needed at 
the digital exchange. Technical data 

For EEMEL 1S 0.6 and ELLALCE 4x0.6 
Conductor diameter 
Conductor insulation 
Inner sheath 
Moisture barrier 

Al-polyethylene sheath 
Outer dimensions 
Weight per 100 m 
Maximum loop resistance 
Characteristic impedance 

at 352 kHz 
at 1024 kHz 

Attenuation 
at 352 kHz 
at 1024 kHz 

Near-end crosstalk 
attenuation better than 

at 352 kHz 
at 1024 kHz 

Effective far-end crosstalk 

mm 
polyethyl 
polyethyl 

mm Al 
mm 
kg 
ohms/km 

ohms 
ohms 

dB/km 
dB/km 

dB 
dB 

over 500 m cable better than 
at 352 kHz 
at 1024 kHz 

dB 
dB 

0.6 
ane 
ane 

0.15 
6.6x11 
7 
136 

129 
125 

7.8 
13 

66 
60 

59 
50 
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0.7 and 2 Mbit/s Systems for Pair Cables 

Juho Arras and Dagfinn Danielsen 

Present-day telecommunication systems are characterised by the rapidly 

increasing use of digital transmission. The recent developments in the 

components field have made it possible to design digital transmission systems 

which are very attractive economically. 

In this article LM Ericsson's new digital transmission systems for pair cables are 

presented. The systems transmit 10 and 30 PCM telephone channels and are 

mainly intended for use in the trunk and junction network and in certain parts of 

the subscriber network 

UDC 621.315.2 
621 391 037.37 

LM Ericsson's new digital line systems 
are intended for transmission over bal
anced pair and quad cables with a con
ductor diameter of 0 .4-1.4 mm and a 
line capacitance of more than 25 nF/km. 
The new generation comprises: 
- ZAD 2 - 4 for 2048 kbit/s, correspond

ing to 30 PCMchanne lsandw i th fault 
localization in accordance with the 
fault detector method (one detector 
per repeater station) 

- ZAD 2 - 5 for 2048 kbit/s, correspond
ing to 30 PCM channels and with fault 
localization in accordance with the 
loop connect ion method 

- ZAD 0 .7 -1 for 704 kb i t s , correspond
ing to 10 PCM channels and with fault 
localization in accordance with the 
loop connect ion method. 

All three systems can be connected for 
transmission of both directions in the 
same cable - single-cable operat ion. 
ZAD 2 - 4 also permits connect ion to dif
ferent cables for the two transmission 
directions - two-cable operat ion. 

As far as possible the same system de
sign and equipment have been used for 

all three systems. This applies for the 
housings, device construct ion practice 
and terminal equipment among others. 
The systems are also designed so that 
they complement each other. They con
stitute an economical ly competit ive al
ternative in both rural networks and city 
areas. 

The digital interface D1 standardized by 
CCITT is used for 2048 kbit/s line sys
tems. The 704 kbit/s line system has a 
corresponding interface designated D. 

The basic principles of digital line sys
tems and the operat ion of terminal 
equipment and intermediate repeaters 
have been described previously in Erics
son Review12 and wil l therefore not be 
discussed here. 

The new intermediate repeaters have 
lower power consumpt ion than the old 
types. This has been achieved through 
the use of monol i th ic circuits having a 
high degree of integrat ion. It has been 
possible to reduce the voltage drop 
across each repeater by about 40 %, 
which means9.1 V pertwo-way repeater 
with a feeding current of 48 mA. This has 
also made it possible to greatly increase 
the distance between the power feeding 
points. Fig. 1 shows normal distances 
between repeaters and power feeding 
points. 

Many administrat ions with older sys
tems that contain partly equipped inter
mediate repeater housings wish to sup
plement these with new repeaters. 

Fig. 1 
Normal repeater and power feeding spacings with 
transmission over cables having a conductor 
diameter of 0.4-1.4 mm 



Fig. 2 
A block diagram of the line terminating equip
ment for ZAD 0.7-1 and ZAD 2 -5 . The equipment 
can be mounted in a line terminating shelf, which 
holds up to four systems, in combination shelves 
or in digital branching shelves 
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Adapters have therefore been designed 
for complement ing line systems ZAD 2 -
2 and ZAD 2 - 3 in this way. 

Terminal equipment 
The line terminat ing shelf used for ZAD 
2 - 4 is the same as that used in ZAD 2 -
3V An adapter has been designed for 
connect ing the terminal repeater to the 
fault localization system. The adapter is 
connected to the alarm interface of the 
shelf and can easily be introduced in 
previously installed shelves. 

New terminal repeaters and alarm units 
have been developed for ZAD 0 .7 -1 and 
ZAD 2 - 5 . Since the systems have the 
same structure, one and the same line 
terminat ing shelf can be used for both of 
them, for example in small terminal ex
changes or branching exchanges where 
both systems are installed. A block dia
gram of the line terminat ing equipment 
is shown in f ig. 2. 

Both the terminal and intermediate re
peaters are dimensioned to allow cable 
attenuations up to 40 dB. The terminal 
repeaters also contain circuits for loop 
connect ion of the transmission signal 
for fault localization purposes. 

The alarm unit monitors a number of 
system parameters and sends alarm in
dications if any values deviate from the 
specified ones. The front of the alarm 
unit is equipped with diode lamps for 
optical alarm indications. A derived sys
tems alarm can be connected to exter

nal equipment, for example in a supervi
sion room. 

Changeover to a standby 
system 
The line terminat ing shelves can be 
equipped with a switching unit which, in 
the case of an alarm in the receive direc
tion, automatical ly switches over to a 
standby system. The automatic 
changeover can only be used with sin
gle-cable work ing. 

The line terminat ing shelves can also be 
equipped with pattern generators for 
test purposes. The pattern generators 
are also used to provide the standby sys
tems with a signal, so that they can be 
supervised in the normal way when they 
are not in use. 

Intermediate repeaters 
Modern semiconductor technology 
with a high degree of integration has 
been used for the new intermediate re
peaters. Almost all active components 
are assembled in two identical mono
lithic circuits which are manufactured 
using bipolar technology. Theb lockd ia -
gram of the circuit is shown in f ig. 3. The 
fixed equalization network, BETA, the 
adjustable line bui lding-out network, 
ALBO, and the selective tank circuit are 
all manufactured using discrete compo
nents. All elements that determine the 
frequency have been assembled in 
these networks, and identical mono
lithic circuits can therefore be used for 
the 704 kbit/s and 2048 kbit/s repeaters. 

JUHO ARRAS 
DAGFINN DANIELSEN 
Transmission Division 
Telefonaktiebolaget LM Ericsson 



Fig. 4 
The attenuation characteristics of three cable 
types in the frequency range that corresponds to 
transmission at 704 kbit/s 

Fig. 5 
Overvoltage protection for a digital repeater. It 
provides protection against longitudinal and 
transversal voltages and voltages between the 
two directions of transmission. The protection 
can be earthed via strap S in the housing if the 
safety requirements demand it 

Fig. 3 
One transmission direction in a digital repeater, 
not including the fault localization equipment and 
protective devices. The blocks within the broken 
outline are contained in the integrated circuit 

The transmission performance of a re
peater is to a great extent dependent on 
its equalization characteristics. Consid
erable efforts have been made to opti
mize the equalization for the various ca
ble types concerned. The attenuation 
curves for some cables with different 
conductor diameters and different in
sulation materials are shown in fig, 4. 
With transmission at 704 kbit's equaliza
tion is difficult to achieve below 200 kHz 
because there are large deviations from 
the normal attenuation characteristic of 
\ T. 

The optimization of the performance of 
a repeater for a wide range of opera
tional cases requires powerful compu
ter aids. LM Ericsson have therefore de
signed an extensive simulation and 
optimization program, which can be 
used for any part of a transmission sys
tem. The program is fed with data con
cerning the relevant cable types, the de
sired operating range, repeater config
uration, line code (AMI, HDB3) etc. The 
optimization program dimensions the 
equalizer so that the lowest possible er
ror rate is obtained over the whole desir
ed equalization range, with considera
tion paid to near-end and far-end 
crosstalk. The program selects a solu
tion that takes all relevant cable types 
into account 

The equalization range is divided into 
two, corresponding to a line attenuation 
of 0-20 dB and 15-40 dB respectively. 

The electrical environment for the re
peaters is extremely varied. In rural 
areas with aerial cable and in areas with 
high earth resistance the repeater can 
be exposed to very high voltages in con
nection with lightning and short-circuits 
to earth in adjacent power lines. The 
equipment is protected by rare-gas 
tubes, connected in accordance with 
fig 5, and by robust diode protectors on 
the inputs and outputs and in the power 
feeding path. All printed board conduc
tors that are exposed to overvoltages 
have a width of 2 mm and the same isola
tion space. The connector contacts are 
gold plated and are of the same type as 
those used in the M4 construction prac
tice. This type of contact has proved to 
have particularly good overvoltage and 
overcurrent characteristics. 

A characteristic feature of the mechan
ical construction practice is that both 
the housing fittings and the repeater 
cassettes are made of plastic. This has 
given the repeater the ability to with
stand such high overvoltages that there 
is no need to protect the repeaters with 
rare-gas tubes to earth. This has consid
erably reduced the risk of cable 
damage, since a striking rare gas tube 
can cause such large difference volt
ages relative earth in the cable that dis
ruptive discharges can occur between 
the pairs. 

The repeaters have been dimensioned 
to withstand surge voltages and cur
rents from lightning strokes up to 5 kV 
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and 200 A with a pulse shape of 10/700 
/JLS (rise time and time to half value). 
They thereby meet even more stringent 
demands for overvoltage protection 
than those given in CCITT recommen
dation K. 17. 

Very large currents at the mains fre
quency can momentarily be induced in 
the telecommunications network if a 
breakdown occurs in the power line net
work. All line systems have therefore 
been dimensioned to withstand 20 A 
r.m.s. for 0.5 seconds. 

In many applications, particulary in ur
ban networks, the high level of protec
tion which has been described above is 
not necessary. A repeater variant has 
therefore been developed for ZAD 2-4 
which meets the requirements of CCITT 
recommendation K.17 (1.5 kV and 37.5 A) 
as regards overvoltages and which can 
withstand induced currents of a magni
tude of 5 A r.m.s. for 0.5 seconds. 

Fig. 6 shows the mechanical con
struction of the intermediate repeaters 
The choice of power feeding arrange
ment is made by means of soldered 
straps. The equalization range and fault 
localization addresses are set by means 
of plug-in U-links. 

The cassette containing the repeater 
consists of two parts and can easily be 

opened without tools. Strapping and 
checking of the units can therefore be 
carried out quickly. 

Housing 
The new generation of line systems is 
complemented by a new series of cylin
drical repeater housings, consisting of 
top and bottom parts of equal size. Each 
part has a flange, so that they can be 
made gastight and watertight by means 
of a ring seal and a number of bolts. The 
ring seal and bolts stay in place even 
when the top is removed, which sim
plifies installation and maintenance 
work considerably. 

The housing is fitted with a holder made 
of expanded polystyrene, with the dif
ferent repeater positions marked. The 
connectors and units are locked in 
place by a polystyrene disc placed in the 
top, and which is pressed against the 
units when the top is put on. 

The stub cable is a 6 m lead-sheathed 
cable with an outer sheath of poly
ethylene and screened units with cross-
stranded 0.5 mm PVC insulated pairs. In 
the housing the stub cable is connected 
to 10-pole connectors, which are plug
ged straight into the repeaters. The con
nection to the detector unit in the fault 
localization system is made with a sepa-

Fig. 6 
A digital intermediate repeater for ZAD 2 -4 with 
extra overvoltage protection. The dimensions of 
the cassette are 218x100x20 mm and it holds the 
equipment for both directions of transmission. 
The unit can withstand overvoltages of more than 
5 kV without flash-over to the environment 



Fig. 7 
Housing ZDD 53501 with the top removed. Holds 
3 two-way repeaters for ZAD 0.7-1 or ZAD 2-5. 
Dimensions: 0 = 150 mm, h = 160 mm. Weight: 
approximately 10 kg when fully equipped, inclu
ding the stub cable 

Fig. 10 
Housing ZDD 53502 for jointing to TUKA cable. 
Capacity: 2 two-way repeaters for ZAD 0.7-1 or 
ZAD 2-5. Dimensions: 0 = 150 mm, h = 260 mm. 
Weight when fully equipped: approximately 3 kg 

rate cable. This cable is equipped with 
four-pole connectors which are also 
plugged direct into the repeaters. 

The housings are pressure-tight to
wards the cable and the environment 
and can be pressurized via the line cable 
or an external valve. 

The housings are often placed in very 
corrosive environments, for example in 
manholes or concrete boxes which may 
at times be fi l led with pol luted water. 
When placed above ground the hous
ings can be subjected to temperatures 
between - 4 0 ° and +50° C. All this puts 
great demands on the material and 
finish. The housings are therefore made 
of acidproof, stainless steel. Housings 
that are to be placed underground are 
coated with epoxy tar. 

The choice of material has meant that 
the weight of the housing has been re
duced by about 50 % compared with 
older housings, which facil itates trans
port and instal lat ion. 

Three types of housings are intended for 
joint ing to conventional cables, figs. 7 -
9. The two larger ones also contain a 
fault detector and a service unit. 
Brackets and sun shields are available 
for mount ing the housings on wooden 
or concrete poles. 

A similar housing is intended for joint
ing to TUKA cables3, f ig. 10. It is equip
ped with four input tubes for line cables. 

The cables are str ipped of their sheaths 
in the housing and are jointed to the 
connect ion cables, which are equipped 
with 10-pole connectors. The jointing 
and sealing between the housing and 
the line cable are carried out in the same 
way and using the same tools as for ordi
nary jo int ing of the TUKA cables. This 
has meant considerable simplif ication 
and rationalization of the installation 
work. The jo int ing method was de
veloped in close col laborat ion with the 
Swedish Telecommunicat ions Admin
istration. 

All housings can be equipped with load
ing coil units for temporary re-loading 
or with through-connect ion units for 
testing the transmission pairs. 

Fault localization 
A reliable and eff icient system for lo
calizing repeater and cable faults is a 
prerequisite for economical mainte
nance of t ransmission systems. In view 
of the often very dif f icult installation 
condit ions in cities it is necessary to be 
able to pinpoint the faulty equipment 
directly. 

The trio method was long the most com
mon fault local ization method, but it 
proved to be very unreliable. The main 
reason for this was that the method was 
based on measurements of analog 
quantit ies, which were affected by many 
irrelevant factors. LM Ericsson have 
therefore developed fault localization 
methods that are based on digital condi-

Fig. 8. left 
Housing ZDD 53601 with the top removed. Holds 
10 two-way repeaters for ZAD 0.7-1, ZAD 2-4 or 
ZAD 2-5. Dimensions: 0 260 mm, h = 320 mm. 
Weight: approximately 24 kg when fully equipped, 
including the stub cable 

Fig. 9, right 
Housing ZDD 53701. Holds 24 two-way repeaters 
for ZAD 0.7-1, ZAD 2-4 or ZAD 2-5. Dimensions: 
0 = 400 mm, h = 320 mm. Weight: approximately 
46 kg when fully equipped, including the stub 
cable 



Fig. 11 
Fault localization in accordance with the loop 
connection method 

Fig. 12 
Fault location instrument 
The front is equipped with 
- thumbwheel switches for addresses 
- error rate indicator, the rate being given by one 

digit 
- switches for selecting the bit rate, 704 or 

2048 kbit/s 
- switches for selecting the line code, HDB3 or 

AMI 
- connectors for outgoing and incoming signals 

and for external instruments 

tions'. By means of one of these meth
ods, the fault detector method, the error 
rate can be measured direct at the out
put of each individual repeater without 
interrupting the traffic. The method is 
well suited for computer control, and an 
automatic fault supervision system can 
be arranged. Line system ZAD 2-4 is 
adapted for connection to such a sys
tem. 

However, the fault detector system con
stitutes a considerable part of the whole 

of the equipment for routes with only a 
few systems, and it requires an extra 
pair in the cable. A new fault localization 
system, using the loop connection prin
ciple, has therefore been introduced in 
line systems ZAD 0.7-1 and ZAD 2-5 
Each individual line system is then au
tonomous as regards fault localization. 
Every two-way repeater is equipped with 
electronic contacts, which can loop 
connect the output of one repeater to 
the input of the other. 

The connection is controlled by an ad
dress decoder on the repeater board. 
The address isstrappable. The principle 
is illustrated in fig. 11a. The fault loca
tion instrument, which is connected to 
interface D in exchange A, is used to 
address one of the repeaters. The ad
dress is decoded, the repeater in ques
tion is loop connected and the signal 
received from the instrument is returned 
for analysis. The test sequence is shown 
in fig. 11 b. The initial address sequence 
is followed by an arbitrary pulse pattern. 

The address sequence is mainly based 
on repetition and combinations of pulse 
sequences, fig. 11c, and is designed so 



Technical data 
Electrical data 

Line signal 

Bit rate 
Code 
Impedance 

Pulse amplitude 

Intermediate repeater 
Equalization range 
Power consumption per 
two-way repeater, 
typically 
Temperature range 

Power supply 
Primary current source 

Feeding of the inter
mediate repeaters 
Nominal regulated 
current 
Maximum output voltage 

Fault localization 
Method 

Number ot station 
addresses 

Mechanical data 

Line terminal 
Shelf dimensions 
Capacity per line 
terminating shelf 

Housing 
Dimensions, Oxh, mm 
Weight fully equipped 
Number of two-way 
repeaters 

Summary 
The main features of LM Ericsson's new 
line systems for 704 kbit/s and 2048 
kbit/s transmission on pair cables are: 
- a flexible network structure since the 

line systems complement each other 
- efficient fault localization systems for 

both urban and rural networks 
- ability to withstand high overvoltages 
- equalization well adjusted to different 

cable types 
- low power consumption 
- high reliability through the use of 

modern circuit engineering 
- new housings that withstand aggres

sive environments 
- housings and intermediate repeater 

equipment are easy to install. 

that it does not imitate any ordinary traf
fic signals. Furthermore the method is 
not subject to interference. 

Technical data 
Fault location instrument ZTY 10101 

Signal in-out 
At interface D 
At interface S 
Bit rate 

Code 
Current/voltage at 
interface S 

+2.33 V/75 ohms 
±3,0 V/120 ohms 
512, 704 and 
2048 kbit/s 
HDB3/AMI 

48 mA/11 V 

Fault localization addresses 
Number 

Test pattern 
PR signal with a 
cycle length of 

Bit error rate 

1-51 

2<s_i 

t The measurement is based on 
10r> clock periods of the 
input signal 
Maximum bit error rate 
Resolution 

Bit error count 
Maximum number 
of errors 

Power supply 
Primary current source 
Primary power consump 
tion 

Environment 
Temperature range 

Mechanical data 
Height x length x width 
Weight 

9 10 2 

1 10 6 

99999 

110 V, 220 Vac . 

-
30 VA 

0 'C to +45° C 

122x355x235 mm 
6 kg 

The fault localization system is control
led and the test signal analyzed by 
means of a portable instrument, fig. 12. 
In the instrument the output signal is 
combined with the repeater address in 
accordance with fig. 11b. The test pat
tern can consist of the pseudo random 
sequence generated by the instrument 
or of an optional external signal. Tests 
can thus be carried out using par
ticularly interesting test patterns if the 
fault picture has to be studied in detail 
The error rate is measured in the receive 
part of the instrument, which counts the 
number of code errors in the test pat
tern. 

The instrument can also be used for 
making functional checks of repeaters 
in connection with the installation. The 
instrument is equipped with an internal 
constant current unit, which provides 48 
mA. A loop connection adapter is used 
to connect the repeater to be tested to 
the 120-ohm interface of the instrument. 

Cable faults are located in the way de
scribed previously, by reversing the po
larity of the voltage from the remote 
power feeding unit and measuring the 
output current1. 
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Manufacture of Monolithic Circuits 

Ulf Jerndal and Eva Novak 

This article describes the manufacture of monolithic integrated circuits at RIFA. 
the Swedish components manufacturer in the Ericsson Group. The most 
important procedures are described with the aid of a flow chart and the 
requirements regarding the work environment are discussed. The construction of 
the RIFA factory at Kista. near Stockholm, is described briefly, with regard to the 
stringent requirements concerning ventilation and the gas and water supplies. 
Finally the production yield is considered, and also the methods used to control 
and check the production. 

UDC 621 3.049.774 
65851 

Fig. 1 
Loading wafers for oxidizing 

The build-up of the major types of micro 
circuits has been described in a pre
vious article in Ericsson Review'. This 
article describes the manufacture of bi
polar micro circuits in the RIFA factory 
at Kista, near Stockholm. Several dif
ferent basic types are manufactured, 
and the production processes and num
ber of stages vary. The flow chart of fig. 2 
describes one such process. 

Production process 
The production of monolithic circuits 
comprises a large number of process 
stages, all of which require extreme ac
curacy and cleanliness. Batches of 
about 20 wafers are processed in each 
stage. All micro circuits, both bipolar 
and MOS circuits, are manufactured in 
similar processes. Details in the produc

tion process, the number of stages and 
their internal order are varied so as to 
obtain the structure that characterizes 
the desired type of circuit. 

Basic material, dopants and impurities 
The basic material for the manufacture 
of circuits is discs of silicon, wafers or 
substrates, which are approximately 0.3 
mm thick and have a diameter of 75 mm. 
The discs are sliced off a single crystal 
rod at exactly specified angles in rela
tion to the crystal axes, and are highly 
polished. The silicon is very pure but 
small quantities of dopants are added. 

The dopants are elements from group 3 
or 5 in the periodic table, whose pre
sence in silicon in very small propor
tions drastically changes its con
ductivity. Some common dopants that 
give n-conductivity (surplus of elec
trons) are antimony, arsenic and phos
phorus. The most comon dopant for p-
conductivity (deficiency of electrons, 
hole conductivity) is boron. Substrates 
for bipolar circuits are usually p-con-
ductive, with a conductivity of 10 
ohmcm, corresponding to 10'4 boron 
atoms/cm3 (0.001 ppm). 

All process stages require extreme 
cleanliness and careful checking that 
no impurities are present. For example, 
heavy metals, even in very low con
centrations, constitute traps for elec
trons and holes and have an undesirable 
effect on the electrical conductivity of 
the silicon. Similarly, sodium, a com
mon impurity in most chemicals, is 
harmful to the silicon oxide. The man
ufacturing process therefore requires 
very pure chemicals. Almost all process 
stages are preceded by a cleaning 
stage. Such cleaning is adapted to the 
subsequent process stage and can con
sist of mechanical cleaning and etching 
in different acids. The cleaning usually 
finishes with a thorough rinsing in de-
lonized water All air and water supply is 
controlled, and the air and water is 
cleaned so that no impurities are intro
duced. 

Oxidation 
The cleaned silicon wafers are oxidized 
by heating to approximately 1000 C in 
an atomosphere of nitrogen, oxygen 
and water vapour. Careful control of 
time and the composition of the at-
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mosphere gives the desired oxide thick
ness, approximately 1 ±0.05 fim, fig. 1. 

Photolithography 
The various elements in monolithic cir
cuits are very small, down to a few /xm, 

and have dimension tolerances of the 
magnitude ±1 Mm The circuit pattern is 
defined and reproduced pho
tographically. The circuit layouts forthe 
different process stages are prepared 
with the aid of a computer and are trans
ferred to masks, glass plates, which look 
like photographic negatives. The glass 
plates, which are first coated with a thin 
chrome layer, are then covered with a 
light-sensitive organic material called a 
photo-resist. A step camera, which can 
be programmed so that the glass plate is 
moved in exact steps, is then used to 
project a greatly reduced picture of the 
circuit layout on to the glass plate by 
means of ultraviolet light. When the 
plate is developed the photo-resist is re
moved from the exposed parts The 
chrome layer is then etched away from 
these parts. 

In a similar way the photomask pattern 
is transferred to the oxidized silicon 
wafer, which is first covered with a layer 
of photo-resist approximately 1 /im 
thick, fig. 3. The mask is copied on to the 
wafer in a contact or a projection pat
tern aligner using ultraviolet light. The 
wafer is then developed and etched. The 
manufacture of a bipolar circuit re
quires 8-11 photolithographic stages 
with the intermediate processes for 
treating the wafer. The accuracy in posi
tioning any mask when copying it on the 
wafer is ±1/um in relation to the oxide 
openings from earlier mask stages. The 
pattern in the photo-resist is therefore 
checked in a microscope before it is 
etched out. Extreme cleanliness is also 
required. Above all there must be no 
dust particles. The photo-resist work is 
therefore carried out in a special room, 
called the yellow room, with very care
fully filtered air, which is taken to the 
work position in a laminar flow. 

Fig. 2 
A flow chart for the manufacture of a monolithic 
circuit 

1. Substrate 
2. Collector 
3. Epitaxial layer 
4. Insulation 
5. Base 
6. Emitter 
7. Ion implanting 
8. Plug 
9. Oxide 

10. Metal 
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AB RIFA 



Fig. 3 
Equipment for applying photo-resist. At the rear a 
pattern aligner 

Fig. 4 
Detail of a monolithic wafer after parts of the 
oxide layer have been etched off 

Etching 
Etched openings in the layer determine 
where the silicon surface will be con
ditioned in the different process stages, 
fig. 4. The oxide is fairly resistant to pen
etration (diffusion) by dopants. The 
openings in the oxide are etched out 
with hydrofluoric acid, whereas metals 
for conductor patterns are etched with 
other liquids. Dry etching methods have 
also been developed recently in which 
electric gas discharges at low pressure 
are used. 

Diffusion 
Dopants are usually introduced into the 
silicon by means of diffusion. The man
ufacture of bipolar circuits comprises 
4-5 different diffusion stages, with dif
ferent concentrations and types of do
pants, and diffusions are made to dif

ferent depths in the exposed areas. All 
diffusions are carried out in a similar 
way. First the dopant is deposited in the 
etched openings on the silicon. This is 
done by heating the wafers to about 
1000 C in a tube type furnace with a gas 
mixture of nitrogen, oxygen and a gas
eous dopant, fig. 5. The actual diffusion 
takes place at a temperature of 1000-
1200 C, at which temperature the do
pant penetrates the silicon to the desir
ed depth, varying from 1 to 25 /im. The 
gas mixture in the oven is then changed 
so that a new oxide is formed over the 
oxide-free surfaces, ready for the next 
mask stage. The diffusion processes re
quire careful control of time, tempera
ture (±2 C) and gas concentrations. 
Normally an accuracy for depth and 
conductivity of approximately 10% is 
achieved. 

Fig. 5 
Diffusion ovens in the RIFA factory 
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Fig. 7 
Detail of an etched aluminium conductor pattern 

Fig. 6 
Equipment for ion implanting 

Ion implanting 
Alternatively the dopant can be intro
duced in the silicon by means of ion 
implanting instead of diffusion. The do
pant is then gaseous in partial vacuum, 
and the atoms are ionized and acceler
ated in an electric and magnetic field 
and hit the silicon wafer, fig 6. Since 
each ion has a certain electric charge it 
is possible to determine the exact dose 
of dopant by measuring the electric cur
rent of dopant ions. The field strength 
can also be adjusted accurately so that 
the ion energy can be regulated to a 
value within the range 10-200 keV. The 
depth of penetration into the silicon can 
be determined in this way. Normally an 
accuracy for conductivity of approx
imately 3% can be achieved with this 
method. RIFA uses ion implantation, for 
example, for manufacturing resistors 
and field effect transistors 

Epitaxial growth 
By epitaxial growth is meant chemical 
deposition of molecular layers, for ex
ample of silicon on a silicon wafer, in the 
same crystal structure as the original 
substrate. Thus a new layer of silicon is 
built up, for example on npn transistors 
after the collectors have been made by 
means of diffusion. The unoxidized sil
icon wafers are heated to about 1200C 
in the epitaxial reactor and are exposed 
to flowing gas composed of hydrogen 
and, for example, silicontetrachloride. 
The gaseous silicon compound decom
poses on the silicon surface and new 

silicon molecules are deposited on the 
wafer. The growth rate is approximately 
1 jum/minute The type and degree of 
conductivity of the new silicon is con
trolled by the addition off gaseous do
pants. The process is very sensitive to 
impurities both on the wafersurface and 
in the gases. 

Reactor oxidizing 
Whereas oxidation is used to coat open 
silicon surfaces after a process, reactor 
oxidizing is used, for example, to cover 
the completed circuit with a protective 
layer before it is encapsulated The 
method, which is related to epitaxial 
growth, can also be used in other pro
cess stages The gaseous silicon com
pound SIHJ is dissolved at about 500 C 
in an oxidizing atomsphere. Silicon ox
ide is then formed and is deposited on 
the circuit. The oxide usually contains 
phosphor. 

Metallizing 
The monolithic circuit is coated with 
metallic layers, in which the connection 
pattern is etched out, partly in order to 
connect together the various circuit ele
ments, fig. 7. The thickness of the metal
lic layers varies between 0 05 and 1.5 
/um The layers are applied by means of 
either cathodic evaporation or vacuum 
vaporization. The connection patterns 
are usually made of aluminium, but gold 
can also be used. Aluminium is vacuum 
vaporized to a thickness of about 1 /L<m. 
Other metals are used in thinner layers, 
platinum in the making of Schottky di
odes and titanium as a separation layer 
to prevent the aluminium and silicon 
from forming an alloy. 

Process testing 
The microcircuit manufacturing pro
cesses are sensitive and the desired tol
erances are close to the limits of what is 
technically possible. It is therefore nec
essary to carry out tests after almost 
every process stage. The process test
ing usually consists of measuring the 
physical or electrical characteristics of 
a special test wafer or an individual test 
circuit on a wafer. Some characteristics 
that are checked are the thickness of the 
oxide layers, the thickness and re
sistivity of the epitaxial layers, the re
sistivity of the diffused layers, the di
mensions of the etched patterns, the 
guality of the metal layer and the param-



eters of the test transistors. The results 
of the process testing are necessary to 
obtain the opt imum settings for the vari
ous process stages. 

Wafer testing, assembly, final testing 
A sil icon wafer contains 200-2000 iden
tical integrated circuits, future chips. A 
certain proport ion of them are accept
able. Since the subseguent mount ing 
and encapsulation is costly, all ICs must 
be tested before the wafer is cut up. 
Stored program control led test equip-
ment is used to carry out mesurements 
at the test points on the ICs, f ig. 8. A few 
hundred measurements is a typical 
number, and the total test t ime per cir
cuit is between 0.5 and 2 seconds. 

After microscope inspection the wafers 
are packed and sent for encapsulat ion. 
The encapsulation is carried out in fac
tories in the Far East using materials and 
work routines in accordance with RIFA 
specif ications. The chip packages are 
tested for gas-tightness and the final 
testing is carried out using stored pro
gram control led test equipment. Any re
marks concerning faults that have oc
curred in connect ion with the encap
sulation are brought to the notice of the 
encapsulation factory. The long-term 
performance of the circuits is checked 
by means of accelerated testing with in
creased voltage and temperature. 

The RIFA monolithic circuit 
factory 
When describing the various process 
stages it has been stressed that the pro
duct ion requires extreme cleanliness 
and also demands clean, f i l tered, 
cooled and dehydrated air, clean, de-
ionized and fi l tered water and a large 
number of special gases, such as nitro
gen, hydrogen and oxygen. These re
quirements are so str ingent that they 
have greatly inf luenced the design and 
equipment of the RIFA factory for mono
lithic circuits. In addit ion the layout of 
the premises has been made as f lexible 
as possible, in view of the rapid develop
ment of manufactur ing techniques. The 
ground floor of the bui ld ing contains 
plants for water pur i f icat ion and waste 
water treatment, cool ing compressors 
and stores. Two f loors are used for the 
manufacture of monol i th ic circuits and 
two for the supply of air, gases and l iq

uids, f ig. 9. Thanks to the separate sup
ply f loors it is possible to carry out most 
of the instal lat ion work for new ma
chines wi thout causing pol lut ion of the 
manufactur ing processes. 

A separate part of the bui ld ing contains 
fans, heat exchangers and fi lters for the 
air treatment. There is also supervision 
and control equipment that monitors 
the cont inui ty and purity of the supply of 
gases and l iquids. 

Yield 
The yield is a basic factor in all discus
sions concerning the manufacture of in
tegrated circuits. It is defined as the 
proport ion of accepted ICs out of the 
total number of circuits that it would be 
possible to manufacture f rom the mate
rial used. The yield for different stages 
can also be considered, for example 
from the handl ing, wafer test ing, assem
bly and final testing stages. 

It is desirable to be able to calculate the 
yield for a circuit in advance, so that the 
importance and effect of different con
struction parameters can be considered 
before product ion starts. Experiments, 
manufacture of prototypes and previous 
experience of similar designs are used 
to decide statistically the parameters 
that determine how the yield is affected 
by process techniques and design rules. 

Wafer yield 
A sil icon wafer normally passes through 
100-200 different substages during the 
manufactur ing process. The wafers are 
often handled manually by different 
people and can be dropped, broken or 
scratched. Handl ing damage con
stitutes a not inconsiderable cost and 
one aim is therefore to automatize the 
processes to a greater degree. 

Wafer probe yield 
The product ion yield is determined by 
the size of the circuit and the fault rate, 
i.e. the number of imperfect ions per unit 
of area in the basic material and produc
tion masks, and by the number of faults 
that are introduced on the wafers during 
the manufactur ing process. Faults oc
cur in groups along the edges of the 
wafer and along surface scratches, as 
well as randomly. The larger the area of 
a circuit, the larger the probabi l i ty that 
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Fig. 8 
Detail of a test station 

Fig. 9 
A supply floor in the factory 
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the circuit contains at least one fault 
and must be rejected. The relation be
tween yield, circuit area and fault rate is 
il lustrated in f ig. 10. 

Faults on a wafer can occur in the sub
strate, epitaxial layer, photo-resist pro
cess, di f fusion, oxidat ion and metalliz
ing. Pinholes in the oxide and irreg
ularities in the crystal structure are 
some spot faults. Scratches and gr ind
ing marks caused by impurit ies during 
mechanical gr inding are line faults. 

The most common causes of rejection 
are random faults in photo masks and 
photo-resist processes. Such faults can 
occur in any stage in the manufactur ing 
process because of impurit ies in the en
vironment, careless handling or bad 
process control . However, new methods 
for manufacturing masks, using elec
tronic beam exposure, do not automat
ically reduce the fault rate. 

The yield can be improved by increasing 
the degree of automatizat ion, by keep
ing the number of process stages low, 
by consciously aiming at a low fault rate, 
by improving product ion masks and 
processes in each stage and by improv
ing the design of the circuit. 

Assembly yield 
The assembly yield is defined as the pro
port ion of faultless chips that have suc
cessfully been mounted and encapsul
ated. The yield is determined by such 
factors as the type of package and num
ber of pins. The bonding, i.e. the con
nection of the pins to the outputs on the 
chip, isthe most labour-demanding part 
of the mount ing. An assembly yield of 
95% is normal. 

Final test yield 
RIFA carries out a final testing of the 
circuits after the mount ing and encap
sulation and before delivery. The final 
testing yield is the proport ion of encap
sulated circuits that finally meet all de
mands. It is normally about 95%. 

Process control and 
supervision 
The various processes that are today 
used in the manufacture of integrated 
circuits will for a long t ime remain the 
basic product ion processes. These pro

cesses already include a number of au
tomatic substages. It is also possible to 
work with large batches. A mil l ion tran
sistors can be built op on one three-inch 
sil icon wafer, and a few hundred such 
wafers can be processed simul
taneously in a dif fusion oven. 

The product ion cost consists primari ly 
of the cost of investing in machines and 
eguipment, and not of material and per
sonnel costs. 

The main product ion problems today 
are how to assemble data, compi le data 
in an acessible form and evaluate them, 
control and supervise the processes 
and minimize the need of operators. In 
view of the large number of process 
stages and batches in product ion and 
the relatively long manufactur ing t ime, 
it is necessary to have a very well de
veloped control and fol low-up system. 
Information is required concerning 
every batch, each type of product, the 
number of wafers in the batch, the 
equipment used for each individual pro
cess, when each process was carried 
out, measurements and test values, 
yields and machine uti l izat ion. 

RIFA therefore intends to use an on-l ine 
process control and data col lect ion sys
tem for its manufacture of integrated 
circuits. The yield can be improved 
when the process and product engi
neers have better access to the relevant 
data. The dependence on operators can 
be reduced by using microcomputers 
for process control as far as possible 
and by providing detailed instruct ions, 
via data terminals, for each process in 
the product ion. 
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Digital Transit Exchanges AXE 10 

Torbjorn Andersson and Olle Ljungfeldt 

Telephone exchange system AXE 10 comprises a number of subsystem which 

can be combined to form exchanges of different types and sizes, from very large 

transit exchanges to small rural exchanges 

This article describes the use of system AXE 10 for transit exchanges at all levels 

in the network. The functions of the various subsystems are also described, 

including the subsystem for operator handling of calls, which features operators' 

positions equipped with data display units and keyboards. All ticket writing has 

been replaced by direct input in data stores, which gives faster and more 

efficient call handling with less effort. 
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In many countries the telephone net
works are being converted to digital op
eration. Pulse code modulated trans
mission systems, digital switching 
stages and the integration of digital 
transmission and swi tch ing give techni
cal and economic advantages. The four-
wire transmission gives better transmis
sion condit ions and increased pos
sibilities of combin ing exchanges. Lo
cal and transit exchanges can be com
bined and the number of network levels 
can thus be reduced National transit 
exchanges can be eguipped with faci l i 
ties for traffic with mobile units' . 

The article first deals with some charac
teristics of the AXE 10 system which are 
of particular interest when the system is 

used for a transit exchange in a digital 
network 

System characteristics 
High capacity 
The size of the group selector stage can 
be increased in steps of 512 digital mul
tiple posit ions to a maximum of 65 536. 
It is not sensitive to uneven loading and 
gives full accessibil i ty between inputs 
and outputs. With an average traffic of 
0.8 erlangs per mult iple posit ion the 
congestion is not more than 10 6 and 
thus negligible. This makes it possible 
to use free disposit ion of junct ion lines 
without regard to the amount of traffic 
they carry A group selector stage of 
max imum size can handle a total traffic 
of about 25000 erlangs. 

The digital group selector operates 
rapidly, which, together with fast sig
nall ing systems, gives short through-
connect ion times and reduces the post-
diall ing-delay. 

The number of calls handled per busy 
hour can amount to between 600.000 
and 800.000 The exact number de
pends on the proport ions of simple and 
complex calls. 

Fig. 1 
A transit exchange in Kolding. Denmark, for 8000 
junction lines 
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Fig. 3 
The telephone operator uses her keyboard to 
enter order data on a form shown on the display 
unit 
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Flexible traffic routing 
The central processor has a large ca
pacity for number and route analysis. 
The number of area codes, routes and 
lines per route are unlimited, and so is 
the number of secondary routes in each 
direction. Any line can also be selected 
individually, for example for testing and 
measurements. 

An operator can easily alter the traffic 
routing by means of a command that 
changes the routing plan, fig. 2. Such 
tasks form part of the network manage
ment and simplify traffic control in the 
case of overload or other disturbances 
in the network. 

Stored program controlled network 
synchronization 
A prerequisite for digital networks is 
that the exchanges and PCM systems 
work in synchronism. The synchroniza
tion of AXE 10 can be carried out in dif
ferent ways and is stored program con
trolled, so that the synchronization 
method best suited to the surrounding 
network can be chosen. 

Standby equipment gives high 
reliability 
High reliability is achieved by such 
means as duplicating the processors 
and the group selector and effectively 
limiting the spreading of any software 
faults. The quality of service is checked 
continuously by automatic monitoring 
of each connection. 

Compact structure 
Large exchanges require a floor area of 
only 15 m2 per 1,000 circuits. This figure 
applies if approximately half the junc
tion lines are digital. It does not include 
the space needed for the power supply 
equipment and control room. 

Easy to adapt to future requirements 
The memory capacity of the processors 
is sufficient to meet large future de
mands. The store of a central processor 
can be extended to 4 M words for pro
grams and 8 M words for data. 

New function blocks can be introduced 
and existing ones changed, normally 
without having to make changes in the 
other parts of the system. This is possi
ble because the division into function 
blocks has been strictly observed, with 
standardized signal interfaces between 
the blocks, and because the addressing 
of the program and data areas in the 
blocks is done via a special reference 
store. 

The data area allocations in an ex
change can be altered by making 
changes in the reference store. Hence 
the operating staff can carry out exten
sions during operation by changing the 
data area allocations with the aid of 
commands. 

High signalling capacity with 
CCITT no. 7 
CCITTsignalling system no. 7 is used for 
common channel signalling. Its high 
transmission speed, 64 kbit/s. enables 
very large quantities of information to 
be transmitted over the signalling chan
nel per unit of time. This can be ex
ploited in future for new facilities and for 
wider use of older facilities, for example 
call forwarding, outside the local ex
change area. The large signalling ca
pacity can also be valuable in integrated 
networks, in which the equipment is to 
be used jointly for telephony, data trans
mission, text transmission etc. 

Operator handling with the aid of 
display units and keyboards 
The writing of tickets for ordered calls 

Fig. 2 
An example of a network management action in 
an AXE 10 network, aimed at reducing the effect 
of an important route having been put out of 
operation 

^ _ ^ _ Ordinary route 
_ ^_ Secondary route 

_ Link from NMC (OMC) to AXE 10 
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The subsys tems that are used in different types 
of telephone exchanges 

Hardware 
Regional software 

• • • • • Central software 
SYSTEM CORE 
TSS Trunk and signalling subsystem, consisting of 

function blocks associated with the connected 
signalling systems 

GSS Digital group selector subsystem, consisting of 
a number of time and space switch modules and 
clock modules for synchronization 

TCS Traffic control subsystem, which contains pro
grams and data for traffic routing, number 
analysis and supervision of connection and 
disconnection 

OMS Operation and maintenance subsystem, com
prising aids for the administration and supervi
sion of AXE 10 exchanges 

ADDITIONAL SUBSYSTEMS FOR DIFFERENT 
APPLICATIONS 
CHS Charging subsystem, containing function blocks 

for pulse metering, toll-ticketing and accounting 
between adminslstrations 

OPS Operator position subsystem for manual hand
ling of calls 

CCS Common channel signalling subsystem, for ex
ample for signalling in accordance with CCITT 
signalling system no. 7 

MTS Mobile telephone subsystem, interfacing with 
base radio stations for traffic with mobile sub
scribers1 

SSS Subscriber switching subsystem, which is divid
ed into groups of 2048 suscribers, with an 
extension module of 128 subscribers 

SUS Subscriber services subsystem, comprising 
function blocks that vary depending on the 
requirements for facilities over and above the 
ordinary telephone traffic between subscribers 

has been replaced by direct input of 
order data f rom a keyboard with a dis
play unit at the operator 's posit ion, f ig. 
3. The operator fil ls in a form, which is 
displayed on the screen, with the infor
mation for each ordered call. The sys
tem processes these data in order to 
establish the desired connect ion. The 
handling procedure is simple and the 
handling time short. The method offers 
the possibil ity of new operator services. 
The operators' posit ions can also be re
motely connected, which gives consid
erable flexibil i ty as regards the location 
of the operators' room. 

Efficient aids for operation and 
maintenance 
Automatic supervision, built- in aids for 
testing and fault localization and the 
possibility of remote control of opera
tion and maintenance funct ions help to 
make the work more efficient and re
duce the work load. 

Commands and pr intouts are formul
ated in the man-machine language, 
MML, recommended by CCITT. Its 
structure is simple, and it is easy to han
dle and simplif ies the work. 

Division into subsystems 
An AXE 10 exchange consists of a num
ber of subsystems. Certain subsystems 
are necessary for all appl icat ions, 
whereastheindiv idual requirementsde-

cide which of the opt ional subsystems 
are to be included in an exchange. The 
interfaces between the subsystems are 
well def ined, which means that the sub
systems can be further developed inde
pendently of each other2. 

Each subsystem compr isesa numberof 
funct ion blocks, which can consist of 
just software or software and the con
trolled hardware. In the latter case the 
software is divided between the central 
processor and a numbero f regional pro
cessors. 

Fig. 4 shows all subsystems that are 
used in any type of telephone exchange. 

The subsystems used in transit ex
changes are described below. 

Control system 
The control system consists of a central 
processorand a numbero f regional pro
cessors which are placed together with 
the equipment that is to be controlled, 
f ig. 5, A brief descr ipt ion of the control 
system is given below. A more detailed 
descript ion wil l be given later in a sepa
rate article. 

Central processor 
The central processor, CP, hardware is 
dupl icated for reasons of reliability. The 
dupl icat ion makes it possible to detect 
faults and locate the faulty printed 

Fig 5. 
Central and d i s t r i bu ted control 

CP 

RP 

Central processor with duplicated central pro
cessing unit, data store, program store, refer
ence store and the associated software 
Regional processors placed together with the 
controlled equipment 
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Fig. 6 

The func t iona l un i ts in the centra l p rocessor 

CPU Central processing unit 
PS Program store 
DS Data store 
RS Reference store 
MAU Maintenance unit 

Fig. 7 
The me thod off address ing in AXE 10 us ing the 
reference store 

PSA 
BSA 

Program start address 
Basic start address 

Each program signal from one function block to another 
contains the block number of the addressed block. This 
number gives the start address of the program area in PS 
allocated to this block and the required basic addresses 
in RS. Each basic address indicates the data area in DS 
that contains the relevant type of data. This addressing 
method permits automatic reallocationn of the programs 
and data areas for the different function blocks 

board assembly very quickly. One pro
cessor part works in the executive 
mode, handl ing the traffic through the 
exchange, and the other works in paral
lel in the standby mode. A fault in the 
executive part never has t ime to inter
fere with the traffic since the other part 
is always ready to take control , and this 
is done wi thout any break in the opera
t ion. The fault localization is carried out 
automatically. 

The dupl icat ion also simplif ies the intro
duct ion of new funct ion blocks or the 
modif icat ion of existing ones, since 
changes can be carried out in one part 
at a t ime. 

A processor consists of central units, 
CPU, data stores, DS, program stores, 
PS, and reference stores, RS, f ig. 6. The 
reference stores contain addresses to 
the program areas in each funct ion 
block and the data areas in each store. 
This addressing principle, which has 
been described in detail in a previous 
article3, gives easy handling and great 
software reliability, f ig. 7, since 
- t h e programs in a funct ion block can 

only address the data areas in that 
block. This protects the other store 
areas and prevents faulty addressing. 
All interworking with other funct ion 
blocks is carried out by means of pro
gram signals. A funct ion block can 
therefore only get access to informa
t ion in the data area of another func
t ion block through questions and an
swers using such signals 

- t h e address calculations are automat
ic and are included in the normal read 
and write instructions 

- t h e areas in the data and program 
stores that belong to a certain func
t ion block are movable. Corrected or 

modif ied funct ion blocks can there
fore always be accommodated wi th
out special correct ion areas being 
needed. Extensions can be given the 
necessary data areas through real
location of the data store by means of 
commands. 

The central and regional processors are 
micro-programmed. This makes for very 
powerful machine instruct ions wi thout 
compl icat ing the hardware. The central 
processor stores are also self-admin
istering and have a pre-planning func
tion that calculates store addresses in 
good t ime before they are to be used. 
This increases the processor speed and 
gives it a high data processing capacity. 

Complicated tasks that occur relatively 
infrequently, for example digit analysis, 
rout ing, tariff analysis and fault localiza
t ion, are handled by the central pro
cessor. 

Regional processors 
Simple tasks of a repetitive nature that 
occur frequently, such as signal sens
ing, decoding of digit informat ion, mea
suring time and operat ing relays, are al
located to the regional processors. They 
also handle the control of input and out
put devices. A regional processor con
sists of a central processing unit, CPU, a 
data store, DS, and a program store, PS. 

Two regional processors normally con
trol a number of equipment modules, 
EM, which form a magazine group. An 
EM contains a number of telephone de
vices of the same type. 

Maintenance 
The maintenance unit, MAU, supervises 
the control system and is programmed 
to carry out automatical ly the necessary 
actions when faults occur so that the 
traffic handl ing in the exchange can 
proceed uninterrupted. The fo l lowing 
tasks must be handled: 
- f au l t detect ion. The processors are 

monitored and faults in printed board 
assemblies and other disturbances 
are detected and recorded automat
ically 

- f a u l t local izat ion. The effects of a fault 
are l imited by the faulty unit imme
diately being b locked. Diagnosis pro
grams are then used to locate the 
faulty printed board assembly 



Fig. 8 
The digital group selector 

Speech data (or the incoming traffic direction 
Speech data tor the outgoing traffic direction 
Incoming and outgoing speech directions for a 
total of 16 first-order PCM systems 
Time switch module 
Space switch module 
Sample store for the incoming speech direction 
Sample store for the outgoing speech direction 

-checking that the fault-clearing ac
tions carried out by the staff, e.g. 
change of printed board assembly, 
have had the desired effect. 

The supervisory function utilizes the 
fact that all central equipment is dupli
cated, that stores and buses also in
clude parity bits, that there are different 
types of store protection and time su
pervision, that special routine tests are 
carried out by both the central and the 
regional processors and that abnormal 
data processing gives rise to an alarm. 

When a fault is detected the faulty pro
cessor part is blocked while the other 
continues with the traffic handling. The 
faulty unit in the blocked part is then 
located and diagnosed. Diagnosis pro-

grams then pinpoint the faulty printed 
board assembly 

Input and output 
The following types of input and output 
devices can be connected: 
-data display units with keyboards and 

printers or typewriters for the input of 
commands and output of operating 
messages 

-cassette tape recorders and magnetic 
tape units for feeding in large amounts 
of programs and data, and for feeding 
out charging data and other informa
tion for further processing. 

The input and output devices can be 
remotely connected via point-to-point 
or switched data links. Output can be 
made simultaneously to several devices 
in different places. 

The operation staff have a total of about 
500 commands at their disposal for vari
ous actions in the exchange. All input 
commands are checked both as regards 
the operator's authorization and the use 
of that type of command over the input 
device in question 

Digital group selector for 
65,000 multiple positions 
The digital group selector in system AXE 
10 and its use have been described in 
previous articles45. A summary of the 
structure and main features of the selec
tor is given here. 

PCM systems as well as analog lines can 
be connected to the group selector The 
latterare analogdigital converted in the 
signalling subsystem TSS 

The group selector has a time-space-
time (TST) structure and is built up of 
time switch modules, TSM. and space 
switch modules, SPM, figs. 8 and 9. TSM 
contains stores for the PCM samples in 
the incoming speech direction, SSA, 
and the outgoing direction, SSB. The 
space switch module consists of cross 
point matrices for parallel transmission 
of 8-bit samples between SSA and SSB. 

Two PCM channels that are to be con
nected together via the selector usually 
belong to different PCM systems in sep
arate TSM and use different time slots in 
their respective systems. The incoming 
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sample in each speech direction is 
stored in SSA, read from SSA to SSB, at 
a time that suits SPM, and is finally 
transferred from SSB to the t ime slot in 
the outgoing PCM channel. 

Each time switch module has 
16x32 = 512 multiple posit ions for the 
connect ion of 16 first-order PCM sys
tems. 480 mult iple posit ions are used for 
speech transmission and 32 for signall
ing and synchronizat ion. When analog 
lines are connected, all 512 mult iple 
positions can be used for speech trans
mission. One time switch module often 
gives suffficient capacity for the group 
selector in small primary centres. 

Group selectors with more than 512 
multiple posit ions are equipped with a 
space switch module, SPM. 32 TSM can 
be connected to an SPM, which can 
thus serve 512x32=384 mult iple posi
tions. A TSM can be connected to sever
al SPM, with a maximum of four. Con
necting each TSM to four SPM requiers 
a total of 16 SPM and gives a space 
switch matrix with 128 inputs and 128 
outputs. The maximum size of the group 
selector will then be 512x128 = 65,536 
mult iple posit ions. 

The selector equipement is dupl icated. 
All calls are set up along identical paths 
in two selector planes, and the final 
choice of plane is made in the outgoing 
junct ion line equipment, after a check 
that both speech direct ions have been 
through-connected. This method en
ables any call to be automatically 
switched over f rom a faulty to a faultless 
plane. 

The group selector synchronizat ion can 
be arranged, in different ways2 4 5 . The 
synchronizat ion is ensured by three 
identical clock modules, which in their 

turn are synchronized with highly stable 
external reference clocks or with clock 
signals f rom another exchange over 
PCM lines. The clock modules work in 
parallel, and the t ime control is regul
ated by regional and central software. 

Traffic control 
The traffic control subsystem, TCS, in 
AXE 10 is realized entirely in software. 
TCS controls and coordinates all ac
tivities in the exchange for the setting 
up, moni tor ing and disconnect ion of 
calls. The B-number is transmitted to 
TCS for analysis, rout ing and choice of 
secondary route. The setting up over a 
free line in the chosen route is init iated 
from TCS, as is the digit and signal 
transmission for establishing the re
mainder of the switching path. TCS also 
monitors the connect ion and controls 
the disconnect ion and exchange of sig
nals associated with this. 

The charging informat ion for a cal l , the 
B-number and perhaps also the A-num-
ber, are assembled in TCS and transmit
ted to the charging subsystem. 

When a call is set up, the combinat ion of 
incoming and outgoing route is also 
analyzed. The analysis result and in
coming signal l ing informat ion is used, 
for example, for connect ing or disabl ing 
echo suppressors and to prevent pro
hibited connect ion of satellite routes, 
f ig. 10. 

TCS also controls the various cases of 
operator handl ing and operator-con
trol led setting up of conference calls. 

The assembling in TCS of number analy
sis, routing and traffic control facil i tates 
flexible traff ic management. The data 
for these funct ions can be changed by 

Fig. 10 
AXE 10 prevents two satellite links from being 
connected in series in the same circuit 

Fig. 9 
The digital group selector 



Fig. 12a 
Funct iona l d iagram of c o m o n channel s igna l l ing 
in accordance w i th CCITT sys tem no. 7 

Fig. 11 
The t runk and s igna l l ing subsys tem TSS 

means of commands. The administra
tive funct ions for this purpose and the 
funct ions for network manegement are 
described in the section Operation and 
maintenance. 

Signalling 
AXE 10 is designed so that it can easily 
be adapted to any exist ing international 
or national signal l ing system. Such 
adaption is made to the signall ing sys
tems recommended by CCITT, e.g. R2, 
no, 5, no. 6 and no. 7, and to a large 
number of national signall ing systems. 

The tradit ional channel-associated sig
nalling over junct ion lines is handled by 
subsystem TSS. The interface condi
tions that are used between TSS and the 
other subsystems utilize the signal con
cepts in signall ing systems R2 and no. 7, 
with addit ions for charging and main-
tenace. All translation between tele
phone signals and the standardized in
ternal signals takes place in TSS, and 
the other subsystems are therefore en
tirely unaffected by any adaptation to a 
new signall ing system. 

Two signall ing systems are described 
below, namely R2, which is an example 
of channel-associated signal l ing, and 
no. 7, which is an example of common 
channel signal l ing. 

Channel-associated signalling 
Signall ing system R2 is intended for in
ternational and national traffic. In na
tional networks R2 is often used in a 
modif ied form. 

Line signall ing over analog circuits is 
usually carried out using cont inuous 
out-band signal l ing. The two-way sig
nalling channel provided by the com
mon signall ing t ime slot, T16, in the 
PCM system is used over digital circuits. 

Register signall ing is carried out using 

compel led MFC signal l ing. Six frequen
cies are used in each direct ion. The regi
ster signals are exchanged between 
code senders and code receivers. 

Incoming, outgoing and two-way ana
log lines are connected via analog/digi
tal converters to the 2.048 Mbit/s PCM 
interface of the group selector. Digital 
circuits are connected to the same inter
face via exchange terminal circuits, 
ETC. 

Common channel signalling 
Signall ing system no. 7 is intended pri
marily for telephone traffic between dig
ital SPC exchanges in national and in
ternational te lecommunicat ion net
works. It can also be used for operation 
and maintenance signal l ing. The ex
change of signals between two ex
changes takes place over a signalling 
link which is common to several speech 
channels. The signal l ing system is op
timized for a transmission speed of 64 
kbi t /son digital channels, but it can also 
be used at lower speeds on analog 
channels. 

Signall ing system no. 7 can be used with 
associated signal l ing when a route hasa 
sufficient numbero f speech channelsto 
carry the cost of its own signall ing link. 
However, this signal l ing system is usu
ally used with non-associated signall
ing, especially when the routes are 
small. This means that several routes 
use common signal l ing links via central 
signal transfer points, STP. 

Fig. 12a shows a funct ional diagram of 
signall ing system no. 7, and f ig. 12b 
shows the associated hardware. 

Signall ing system no. 7 consists of a 
message transfer part, MTP, which is 
the same in most appl icat ions, and an 
individual user part, UP. MTP defines 
the interfaces and procedures for the 
signall ing between exchanges. UP de-

Data link, an optional time slot in a PCM system 
Signalling terminal, control and supervision of 
the signalling link 
Control of the signalling link network and rout
ing of messages 
User parts, UP (CP functions in TSS) 

Fig. 12b 
Hardware for c o m m o n channe l s igna l l ing in ac
cordance wi th CCITT sys tem no. 7 in AXE 10 

Speech channels 
Signalling channel 
Trunk and signalling subsystem 
Terminal circuit tor first-order PCM systems 
Digital group selector 
Common channel signalling subsystem 
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fines the signals and thus corresponds 
to the signall ing diagram. The MTP 
funct ions are provided by a special sub
system, CCS, whereas the UP funct ions 
belong to TSS. 

In the case of associated signall ing at 
least two channels in the PCM route are 
used for the common channel signall
ing. The route can consist of one or 
more PCM systems. The signall ing links 
are used in accordance with the load 
sharing principle If a fault occurs on 
one link, all signall ing is transferred to 
the remaining link(s). 

The signall ing links are switched 
through the switching network to a mi
croprocessor-control led signal termi
nal, ST, which isconnected to a regional 
processor, RP. The latter handles, for 
example, the sending and receiving of 
signals, synchronizat ion and detection 
and correction of transmission errors. 

Since the signall ing links and the sig
nalling terminals are connected via the 
group selector, they are easily replaced 
by standby links or terminals if a fault 
occurs. It is also easy to reallocate the 
signall ing terminals. 

The signall ing messages contain a label 
that gives the channel identi f ication, 
and the message is thus associated with 
the correct speech channel. 

When a transit exchange funct ions as a 
signal transfer point it sends out the in
coming signal l ing message on the cor
rect outgoing signal l ing link. 

Charging and inter-
administration accounting 
The charging subsystem. CHS. provides 
complete facil it ies for tariff analysis and 
the settl ing of accounts between tele
communicat ions administrat ions. CHS 
consists of central software. 

The correct tariff for the charging of a 
telephone call is determined either in 
the local exchange where the call is ini
tiated or in a higher-ranking transit ex
change. 

The system allows 255 different tarriffs. 
In the case of tariffs that are dependent 
on distance, the B-number is analyzed 
when deciding on the tariff. The day of 
the week, time of the day and type of 
service used may also affect the tariff 
decision. The relationship between the 
tariffs and these factors can be changed 
by means of commands. 

There are two possible charging meth
ods, pulse metering or toll t icket ing, f ig. 
13. In the latter case the A-number, B-
number, date, t ime and call durat ion are 
recorded. The call data are stored on 
magnetic tape. It is also possible to com
bine the two methods, for example so 

Fig. 13 
The system provides pulse metering or toll ticket
ing 



Box no. 1 

OPERATOR FUNCTIONS 

Call allocation. The calls are allocated to 
certain operators' positions with considera
tion given to the type of call, language group 
etc 

Call queue. If all operators positions are 
engaged, the calls are put in queues for each 
type of origin, language, category or similar 
factor. 

Direct completion. The call is set up while the 
subscriber waits. 

Delayed completion. The call is set up as soon 
as possible or at a prearranged time. 
Inquiry. This function is used, for example, 
when an operator must make an inquiry to 
another operator in order to be able to set up 
a call. 

Transport. Used when a call has to be trans
ferred from one operator to another during 
the setting-up process. 
Conference call. A call with several partici
pants, who are connected to centrally placed 
conference equipment. 
Assistance operator funtions An assistance 
operator can be connected in on international 
calls, for example if there are language prob
lems. 

Chief operator functions. The chief operator 
supervises the traffic intensity with the aid of 
queue indicators, ensures that a suitable num
ber of positions are manned and redistributes 
the traffic to the positions if necessary. 
Automatic toll-ticketing charging. The charg
ing information is stored on magnetic tape or 
cassette tape. 

Immediate pricing. The price information is 
given to the A-subscriber directly after the 
call. 

Fig. 14 
A recommended layout of operators' positions 
with data display units and keyboards 

that national calls are metered and toll-
ticketing is used for international calls. 
If the metering method is used, a limited 
number of subscribers can have their 
calls specified on request. 

The price information can be obtained 
as soon as a call is finished, which is of 
particular advantage to hotels. 

The account-settling facility is always 
needed for international traffic and also 
for national traffic if the telecom
munications of a country are operated 
by several administrations. The settling 
of accounts is based on the measure
ment of the total number of call minutes 
over each route concerned. Alter
natively, in the case of national settling, 
and if the charging is handled by the 
transit exchanges, the number of charg
ing pulses per route can be counted. 
The result is stored in the data store. 

For safety's sake the charging and sett
ling data in the data store are copied 
regularly in the form of output to a cas
sette tape recorder. The ordinary read
ing is carried out using a cassette tape 
recorder or another I/O device as desir
ed. 

Operator handling 
Subscribers want rapid connection 
through the long distance network even 
when the calls are set up by operators. It 
is therefore essential that calls handled 
by operators can be set up quickly and 

efficiently. In order to achieve this it is 
necessary to abandon the earlier meth
od of writing, sorting and distributing 
tickets, which is very time-consuming. 
There is also a need of new facilities, for 
example to be able to pay for calls by 
means of credit cards. 

Subsystem OPS contains functions for 
operator handling, and the system has 
been designed to meet this and future 
demands. The operators are provided 
with data display units and keyboards, 
which can be connected to OPS either 
direct or remotely via data links. 

Extensive ergonomic studies preceded 
the designing of the operators' posi
tions. The environment has also been 
taken into consideration. Recommend
ations for layout, lighting and colour 
schemes have been prepared, fig. 14. 

The operators positions can be used for 
all types of traffic. The chief operator 
decides which type of traffic each oper
ator is to handle. The right type of calls 
will automatically be routed to an oper
ator's position when it is marked as at
tended. 

When a call comes in, all available data 
on the call are shown on the operator's 
display, arranged on a form. The A-sub
scriber number is shown if it can be 
transmitted from the local exchange. 
The operator uses the keyboard to com
plete the form, mainly with the area code 
and B-subscriber number. OPS auto
matically processes these data and initi
ates the setting up of the call. 

For calls that are ordered for a certain 
time, or which cannot be set up imme
diately because of a busy line or no an
swer, the information is stored in the 
system after entering the time for a new 
display. The data concerning completed 
calls are also stored. The operator can 
retrieve information concerning com
pleted calls, for example in order to in
form the A-subscriber about the price. 

The handling process described here 
eliminates all ticket writing, and also a 
number of administrative routine tasks. 
The handling time for any type of traffic 
is short, because of the automatic pro
cessing in OPS. Tests have shown that 
the improvement is in the order of 20%. 
The advantages are even more pro-



Box no. 2 65 

OPERATION AND MAINTENANCE FUNCTIONS 

Supervis ion 

Blocking supervision, which gives an alarm if 
the number of blocked devices per route 
exceeds a present value. 

Disturbance supervision, which Indicates mal
functioning devices and routes, for example 
by monitoring signalling errors and time re
leases. 

Seizure supervision, which checks that there 
has been at least one answered call on each 
junction line during a supervision period. 
Seizure quality supervision, which indicates 
devices with faults that result in abnormally 
short seizure times, for example because of 
line faults. 

Selector supervision, which checks that every 
call is correctly through-connected and dis
connected. The clock distribution and the 
handling of addresses and speech samples in 
the selector are also supervised. 
Load supervision, which monitors the load 
during busy periods and controls the number 
of calls being handled. 
Route load supervision, which monitos the 
load on outgoing last-choice routes and a 
number of high-usage routes, and also the 
gueue length on code receiver routes. 

Testing and fault local izat ion 
Tracing of connection paths, to identify de
vices in the connection path. The device at 
which tracing starts can be selected. 
Signalling and state recording, for analysis of 
signalling functions. 

Device state indication, to indicate whether 
individual devices or groups are free, seized, 
blocked etc. 

Test calls, for testing telephony devices and 
switching paths The function permits opera
tor monitoring and connection of measuring 
eguipment for circuit testing. It is also possi
ble to activate individual control points in the 
switching eguipment. to decide in advance 
the switching path for test calls, to select 
devices and to inhibit the effect of time 
supervision. 

Transmission measurements, to test the trans
mission quality of the junction circuits, can be 
carried out by connecting external equipment 
of type ATME 2 or ATME N2. 
Code answer, which is needed for, among 
other things, transmission measurements and 
traffic route tests. 

Statistics 
Traffic recording on routes and number direc
tions. The traffic in erlangs, number of calls 
number of seized devices, number of blocked 
devices and call congestion can be recorded. 
Charging recordings, for determining the dis
tribution of calls on different tariffs. 
Traffic observations, for assessing the quality 
of traffic handling as it is experienced by the 
subscribers. 

nounced when many attempts at setting 
up a call have to be made. 

The most important operator funct ions 
offered by the system are shown in box 
no. 1. 

Operation and maintenance 
In a transit exchange it is essential that 
the operation and maintenance func
tions are designed so that the work in 
question is simple and easy. National 
transit exchanges are often so situated 
in the network that they form a natural 
centre for the operation and mainte
nance activities for the transmission 
network and connected exchanges as 
well. 

The software for operation and mainte
nance in an AXE 10 exchange is approx
imately of the same volume as the soft
ware for traffic handl ing. The operation 
and maintenance funct ions are as
sembled in subsystem OMS The 
guidelines for the design of operation 
and maintenance facil it ies were as fo l 
lows: 
- t h e quality of service to be supervised 

by monitor ing of all connect ions 
through the exchange 

- t h e operating staff to be given only the 
information that is necesary for their 
work 

- t h e day-to-day operation to be carried 
out by staff with experience of, for ex
ample, crossbar exchanges and who 
have had addit ional training in AXE 10 

- t h e major part of the daily work to be 
carried out in the exchange control 
room. It is possible to centralize this 
work further, to operat ing centres. 
Even large exchanges can be left un-
staffed. 

The AXE 10 operat ion and maintenance 
subsystem contains funct ions in the fol
lowing fields: 
-superv is ion 
- tes t i ng and fault localization 
-s tat is t ics 
-admin is t ra t ion 

The foil owing descript ion of funct ions is 
l imited to those of part icular importance 
to transit exchanges For further infor
mation regarding operat ion and mainte
nance funct ions reference should be 
made to a previous article in Ericsson 
Review6 and box no. 2. 

Supervision 
Functions are included for supervising 
both hardware and software as well as 
the actual traffic. Data that are of inter
est to the supervision are cont inuously 
stored in the traffic handl ing sub
systems. These data are checked reg
ularly and an alarm is given in accor
dance with the service alarm principle 
when a predetermined quality level is no 
longer met. 

Faulty units are automatical ly blocked 
for traffic The traff ic-carrying devices 
are also monitored to ensure that each 

Fig. 15 
The control room in the Kolding transit exchange, 
Denmark 



Fig. 16a 

AXE 10 as an in ternat iona l exchange 

— Satellite circuits 
i National and international PCM circuits with 

common channel signalling in accordance with 
signalling system no. 7 

- < National PCM circuits with channel-associated sig
nalling, e.g. in accordance with signalling system R2 
International analog lines with common channel 
signalling in accordance with signalling system no. 6 

— •' ' National and international analog circuits with 
channel-associated signalling in accordance 
with signalling systems R2 and 5 respectively 
Circuits to base radio stations tor traffic to 
mobile units 

TSS Trunk and signalling subsystem 
ETC-S Exchange terminal circuit tor satellite circuits 
ETC Exchange terminal circuit for PCM system 
ITC Incoming trunk circuit for analog traffic 
OTC Outgoing trunk circuit tor analog traffic 
BTC Bothway trunk circuit for analog traffic 
GSS Group switching subsystem (digital group selec

tor) 
TSM Time switch module 
SPM Space switch module 
TCS Traffic control subsystem 
OMS Operation and maintenance subsystem 
CHS Charging subsystem 
OPS Operator position subsystem 
CCS Common channel signalling subsystem 
ST Signalling terminal 

is seized in the course of the supervision 
period. 

Digital transmission systems that are 
connected to AXE 10 are supervised in 
accordance with CCITT recommen
dations. The incoming bit stream is 
monitored for bit errors and loss of 
frame and mult i frame al ignment. Super
vision of the signall ing channel is par
ticularly important for routes that use 
signall ing system no. 7. The monitor ing 
comprises, among other things, the bit 
error on the signall ing channel, the load 
on the send buffer and the accessibil i ty 
for the signall ing traffic to different des
tinations when STP are used. If a fault 
occurs, the traffic is immediately 
switched over to the standby channel. 

Alarms from carrier equipment are also 
acted upon. For example, if a pilot alarm 
is received, the corresponding traffic-
carrying devices are automatical ly 
blocked. 

Testing and fault localization 
A number of test and diagnosis pro
grams are provided for testing when 
alarms and faults occur. The programs 
are initiated either automatical ly or by 
means of a command. 

The maintenance of the lines in the net
work becomes increasingly important 
the higher their level in the network hier
archy. The lines are then longer and the 
transmission equipment more expen
sive. Large transit exchanges should 
therefore be equipped with automatic 

transmission measuring equipment, 
ATME, for supervision of the transmis
sion quality. The maintenance of junc
tion lines is most suitably concentrated 
to special service posit ions, from which 
all lines and relay sets can be reached 
for measurements and tests. The posi
t ions must be equipped with input and 
output devices, since all actions require 
commands for their contro l , and all re
sults are obtained as printouts. 

For international exchanges it is of 
course particularly important that the 
maintenance of the exchange and lines 
can be carried out in accordance with 
international recommendat ions. The 
operation and maintenance functions of 
system AXE 10 enable service positions 
to be set up for the supervision and 
maintenance of international circuits 
and lines in accordance with the CCITT 
recommendat ions for international 
maintenance centres, IMC. 

Statistics 
The planning and fol low-up of ex
change and network extensions require 
traffic statistics for routes and number 
directions. AXE 10 contains traffic rec
ording and statistical funct ions that are 
activated by means of commands. The 
results are either output locally in pro
cessed form on a printer, or processed 
or unprocessed on magnetic tape. The 
results can also be fed out to a remote 
device connected via a data link. 

Administration 
The administrat ion of an exchange in-
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Fig. 16b 
Routes between AXE 10 working as an interna
tional exchange and AXE 10 transit exchanges at 
various levels in the network. The colour codes 
are the same as in fig. 16a 

eludes changing the semi-permanent 
data that describe: 
- t h e bui ld-up of the exchange 
- rou tes and line al location 
-analys is condi t ions 
- t ra f f i c routing plans 
- c h a r g i n g condit ions. 

Some hundred commands are provided 
for these funct ions. 

One aim when designing the admin
istrative funct ions was to simplify the 
duties of the staff and minimize the 
effect of any mistakes. 

Network management is a funct ion of 
major importance in transit exchanges. 
It is used when there is an imbalance 
between the traffic load and the traffic 
capacity in the network. The operator is 
made aware of abnormal traffic situa
tions, for example by means of an alarm 
from the route load supervision. He can 
then request information regarding the 
traffic load, congestion and blockings 
on the routes concerned. After analysis 
the operator carries out one or more re
medial measures, such as 
-ac t iva t ing on alternative routing plan 
-cance l l ing an alternative routing 
- b l o c k i n g incoming junct ion line 

equipment 
- b l o c k i n g the traffic to certain destina

tions 
- b l o c k i n g the traffic from subscribers 

without priority 
- r o u t i n g to a route for announcing ma

chine messages. 

Transit exchanges at 
different levels in the 
network 
The fo l lowing tables show how AXE 10 
is used as a transit exchange at different 
levels in the network and the funct ions 
that are associated with the various lev
els. Figs. 16a and b show which sub
systems are required at the different lev
els. 

International transit exchanges 
-Opera to r handl ing 
-Cha rg ing by means of toll t icket ing 
- In ternat ional account ing based on the 

actual number of call minutes 
-Ana log international circuits with sig

nalling systems R2, no. 5 and no. 6. 
- E c h o suppressors for satellite com

municat ion 
- A n a l o g carrier circuits and digital 

PCM circuits with R2 signal l ing to na
tional transit exchanges 

-Transmiss ion measurements on inter
national and national circuits 

- Maintenance centres for international 
circuits 

National transit exchanges 
-Cha rg ing by means of toll t icket ing for 

traffic from local exchanges with A-
number identi f icat ion 

- P u l s e metering of all other traffic, in 
which case the tariff can be deter
mined at the transit exchange 

-Ma in l y PCM circuits to subordinate 
exchanges, either with channel-asso
ciated R2 signal l ing or with common 
channel signall ing in accordance with 
signall ing system no. 7 

-Tra f f i c to mobile subscribers, who can 
be reached via base radio stations 
connected to subsystem MTS 

-Transmiss ion measurements on na
tional circuits 

Secndary and primary centres 
-Cha rg ing by means of toll t icket ing for 

traffic from local exchanges with A-
number identi f icat ion 

-Pu l se metering of all other traffic, in 
which case the tariff can be deter
mined at the transit exchange 

-Ma in l y PCM circuits to subordinate 
exchanges, either with channel-asso
ciated R2 signal l ing or with common 
channel signall ing in accordance with 
signall ing system no 7 

-T ra f f i c to mobile subscribers, who can 
be reached via base radio stations 
connected to subsystem MTS 

-Transmiss ion measurements on na
tional circuits 

-Subscr iber stages placed centrally as 
well as remotely in the network to re
place small terminal exchanges 
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Time Division Multiplex for Telex and 
Data Transmission 

Arturo Gatta and Giorgio Squartini 

The Italian company FATME. a member of the Ericsson Group, have developed a 

time division multiplex system for telegraphy (telex) and asynchronous data 

transmission on telephone channels in accordance with CCITT Recommendation 

R. 101, alternatives A and B. 

The system, which is designated ZATF 46 CD, permits multiplexing of, for 

example, 46 channels for 50 bauds to a common bit stream having a bit rate of 

2400 bit s. 

The system has been designed in collaboration with LM Ericsson, and the 

operation and maintenance functions are adapted to LM Ericsson's telex 

exchange system AXB 20. In this article the general features of the system and 

the electrical and mechanical construction of the equipement are described 
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The cont inuous and rapid growth of 
telex and data traffic creates a demand 
for greater traffic capacity and new 
transmission facil i t ies in the network. 
The capacity can be increased by means 
of t ime division mult ip lexing (TDM), a 
technique which, compared with voice-
frequency telegraphy, permits more 
telegraph and data channels on the 
same telephone circuit. 

To meet these demands FATME have de
veloped a time division mult iplex sys
tem, ZATF 46 CD. This system permits 
the transmission of 46 telex channels at 
50 bauds over a single telephone chan
nel in the form of a combined bit stream 
with a bit rate of 2400 bit/s. The equip
ment is programmable and allows mix
ing of different standard speeds up to 
300 bauds, different character codes 
and signall ing systems in the same 
transmission system. 

One of the main features of the system is 
its low distor t ion; each transmitted 
character is regenerated in its ideal 
form, and thus also characteres which 
are received very distorted are re
transmitted practical ly undistorted. 

The mult ip lexing is based on the bit in
terleaving pr inciple, which introduces 
min imum signal transfer delay through 
the system. 

The equipment is built up of functional 
units. They consist of pr inted board as
semblies with modern and reliable com
ponents. The printed board assemblies 
are plugged into narrow racks of the 
FATME N2 type, which are 2600 mm 
high. 120 mm wide and 225 mm deep. 

Applications 
The TDM system can be used for telex, 
telegraph and data networks and gives 
better uti l ization of the telephone chan
nels than convent ional VF telegraph 
systems. The system is suitable for both 
analog and digital networks, being con
nected to the line via a data modem and 
a data circuit terminat ing equipment 
(DCE) respectively. Fig 1 shows some 
applications. 

System ZATF 46 CD includes a data 
modem for 2400 bit/s which meets the 
requirements of CCITT Recommen
dation V.26, and thus no external equip
ment is necessary for connect ion to the 
analog telephone network. The system 
can therefore be connected direct to a 

Fig.1 
Connec t ion of ZATF 46 CD to the telecommunica
tion network 

TDM Time division multiplex equipment 
DCE Data circuit terminating equipment 
S MUX Multiplexor towards the synchronous data net

work 
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Fig. 2 
ZATF 46 CD used for circuits between two telex 
exchanges other than AXB 20 
TDM Time division multiplex equipment 

normal 4-wire telephone channel, which 
can be a carrier channel or a physical 
circuit for the frequency band 0.3-3.4 
kHz. 

If required, a 2400 bit/s baseband 
modem can be used instead of the inter
nal data modem, f ig. 1, for transmission 
over physical circuits. 
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as a combined local and transit ex
change for both national and interna
tional traffic. It is part icularly suitable 
for the connect ion of remote subscrib
ers via concentrators or mult ip lexors 
such as ZATF 46 CD, since it contains a 
built-in mult ip lexor and modem. This 
means that no channel interface units 
are needed on the exchange side23 . 

Fig. 4 
ZATF 46 CD used to connect another telex 
exchange or remote subscribers to LM Ericsson s 
telex exchange AXB 20 

TDM Time division multiplex equipment 

•) One of the 46 channels is used for mainte
nance. 

Two or four ZATF 46 CD systems can 
also share a telephone channel equip
ped with a modem for 4,800 bit/s and 
9,600 bit/s respectivley. 

The TDM equipment can also be con
nected to a higher order multiplex, for 
instance by using a mult iplex. S MUX. in 
accordance with CCITT Recommen
dation X.50, f ig. 1. A DCE must then also 
be used. The encoding format is 6 + 2 
bits and the bit rate of the data signals is 
3.2 kbit/s in the baseband. S MUX allows 
20 data channels at 3.2 kbit/s to be mult i
plexed to a standard 64 kbit/s digital 
channel for PCM. The total capacity is 
then 920 channels for 50 bauds. 

System operation 
System ZATF 46 CD is primari ly intended 
for use in telex networks, figs. 2 and 3. It 
is very suitable both for connect ions be
tween telex exchanges and for remote 
connection of groups of subscribers to 
an exchange. Fig. 4 shows how the sys
tem is connected to the LM Ericsson 
telex exchange AXB 20. 

AXB 20 is a stored program control led 
exchange for telex and asynchronous 
data traffic. It has been designed for use 

ZATF 46 CD contains funct ions for the 
operation and maintenance of unat
tended system terminals. One of the 46 
channels in the system is then used as a 
maintenance channel for the necessary 
signall ing. 

Lines to teleprinters can be connected 
in three ways: 
- d o u b l e current in full duplex. 4-wire 

circuits on two wires with an earth re
turn circuit 

- s i ng le current in half duplex on 2-wire 
circuits 

-V.21 subscriber modems in full duplex 
on 2-wire circuits. 

The telegraph signals coming from each 
subscriber or f rom the telex exchanges 
have a standardized speed and charac
ter structure, since 7.5 unit elements (20 
ms) and the international telegraph al
phabet no 2 are used. 

A central logic device in the TDM scans 
the channel inputs in turn, and af ters ig-
nal generat ion combines the signals for 
all the 46 channels into a single bit 
stream. The resultant signal, wi th a bit 
rate of 2.4 kbit/s, is then taken to the 
internal modem, which converts it to a 
VF signal for t ransmission over the line. 

Fig. 3 
ZATF 46 CD used to connect remote suscribers to 
a telex exchange other than AXB 20 



In a similar way the VF signal coming 
from the line is converted in the receiver 
to a digital signal. This signal is de
mult iplexed by the TDM equipment, 
which separates the data for each chan
nel, restores the telegraph signals and 
transmits them to the telex subscribers 
or the telex exchange. 

System flexibility 
System ZATF 46 CD meets CCITT 
Recommendation R.101, alternatives A 
and B, for different combinat ions of 
asynchronous channels having dif
ferent data transmission rates, different 
code structures and different alterna
tives for signall ing and fault supervi
sion. See the technical data at the end of 
the article. The choice of alternatives in 
the wide range available is made by 
means of strappings for each individual 
channel in a common strapping f ield. 

Since alternatives A and B have dif
ferent synchronizing procedures and 
work with different formats, adaption to 
one of these two alternatives must be 
made by changing programs in the cen
tral control unit. No units have to be 
changed, only a few programmable 
memories (PROM) and a few straps. 

Data transmission rates and character 
structures 
When the FATME TDM system is operat
ing according to alternative A it al lows 
the mult iplexing of two telegraph 
speeds, 50 and 75 bauds, both with 7.5 
elements. When it is operating accord
ing to alternative B it can handle simul
taneously the complete range of stan
dard speeds from 50 up to 300 bauds 
and all codes with 7.5, 9. 10 or 11 ele
ments per character. 

Telex signalling alternatives 
The system is so flexible that it can han
dle all types of signal l ing used for telex. 
Each low speed channel can thus be 
strapped for any of the CCITT signall ing 
types: A, B with keyboard selection, B 
with dial select ion, C or D. 

Alarms 
The equipment cont inuously monitors 
the local funct ions and the quality of the 
received signal, and it also receives 
alarms from the far end terminal. Alarms 

are given for the fo l lowing faults: 
- l o s s of synchronism 
- l o s s of carrier, which is detected by 

CCITT circuit 109 in the modem 
-de te r io ra t ion of the signal quality, 

which is detected by CCITT circuit 110 
in the modem 

- fau l t s in the central logic equipment, 
which are detected by an internal test 
loop and parity checking in connec
tion with memory operat ions 

- p r o g r a m m i n g errors, which can lead 
to two channels using the same time 
slots 

- f au l t s in the far end terminal 
- p o w e r failures. 

Alarms are given for the individual con
nected circuits in the case of 
- t o o high distort ion of the incoming 

signal 
- l i n e breaks. 

Mechanical construction 
The ZATF 46 CD equipment is mounted 
in the FATME N2 rack, which is 2600 mm 
high, 120 mm wide and 225 mm deep. 
Five such slim racks can be installed 
side by side and then form a 600 mm 
wide rack group. 

The steel rack side plates are joined to a 
bottom plate and some further plates, 
which are mounted at different heights 
depending on the funct ional division of 
the rack. The bot tom plate has adjusting 
screws for levelling the rack. 

The two steel rack sides are provided 
with slots in modular steps of 5.08 mm 
for plastic guides that ensure correct 
insertion of the plug-in units. The units 
consist of pr inted boards of fibreglass 
reinforced epoxy laminate equipped 
with components and gold-plated con
tacts for the external connect ions. The 
boards can have double-sided printed 
wir ing with through-plated holes and 
two different widths are used: single 
and double N2 boards. The single-width 
boards are inserted horizontal ly, taking 
up the whole width of the rack. The dou
ble-width ones, whose larger surface is 
particularly useful for complex digital 
funct ions, are inserted vertically. A me
chanical locking device prevents the 
printed board assemblies f rom being re
moved accidentally. 
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Connection panel 

Data modem 

Channel interface units 

Service unit 

Central logic unit 

Channel interface units 

Electronic power supply 

Telegraph power supply 

Fig. 5 
ZATF 46 CD for double current working 
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The front of each unit is fitted with a 
plastic protective cover with access 
points for U-links, test plugs etc. 

The space at the left-hand side of the 
rack, behind the unit connectors, is 
used for the rack cabl ing. 

At the top of the rack the external ca
bling is connected to the connect ion 
panel, which is accessible from the 
front. This allows the rack to be taken 
out of operat ion for fault clearing and 
also makes it easy to replace. 

Fig. 5 shows the rack layout for system 
ZATF 46 CD with double current work
ing. The TDM central logic, f ig. 6, and 
the service unit, f ig, 7, divide the chan
nel interface units into two groups. The 
data modem is placed at the top of the 
rack and the power supply packs at the 
bottom. 

Fig. 8 shows the rack layout for single 
current operat ion. Due to the higher 
power dissipation in the equipment 
when this operating mode is used, par
ticularly for short subscriber lines, two 
racks are used, each contaning the in
terface units for 23 channels. 

Circuit description 
A brief descr ipt ion of the various cir
cuits in the transmission equipment is 
given below. 

Channel interface units 
Five main types of channel interface u-
nits have been developed to meet the 
requirements of different types of line 
signal l ing: 

Double current and high voltage 
This unite, f ig, 9, is designed mainly for 
matching towards convent ional telex 
exchanges, for which a ±20 mA tele
graph signal current is normally re
quired. The voltage of the regenerated 
signals can be adjusted up to ±60 V. 

Double current and high voltage with 
fault localization facilities 
This unit has the same electrical charac
teristics as the first one but is designed 
mainly for interworking with subscriber 
apparatus and convent ional elec
tromechanical exchanges. It has built- in 
fault localization facil i t ies, for example 
open line alarm. The unit also contains 
digital loop connect ion facil i t ies, which 
are particularly useful for test ing remote 

Connection panel 

Rack interface unit 

Data modem 

Channel interface units 

Service unit 

Central logic unit 

Channel interface units 

Electronic power supply 

Telegraph power supply 

Fig. 8 
ZATF 46 CD for single current working 

Fig. 6, left 
Central logic unit 

Fig. 7, right 
Service unit 



Fig. 9, left 
Channel interface unit for double current and 
high voltage 

Fig. 10, right 
Channel interface unit for single current 

Fig. 12 
Strapping field 

subscriber equipment. The unit is e-
quipped with efficient lightning protec
tion. 

Double current and low voltage 
This unit is designed for matching to 
new electronic telex exchanges having 
an interface in accordance with CCITT 
Rec. V.28. In this case the voltage is 
±12 V and the line current not more 
than 12 mA 

Single current 
This unit, fig. 10, is designed for a nomi
nal current of 40 mA and ±60 V voltage 
and has efficient lightning protection. 

VF signalling in accordance with 
Recommendation V.21 
This unit is designed for VF signalling 
using frequency shift modulation. 

Central logic equipment 
The central logic unit consists of a cen
tral processing unit, astore, a multiplex
ing unit, a demultiplexing unit and a 
strapping field. 

The channel interface units are con
nected to the central unit via buses. Fig. 
13 shows a simplified block diagram of 
the system. In this diagram three buses 
are shown: the address bus and the 
send and receive data buses. Exchange 
of data with a channel interface unit 

takes place when this particular unit is 
addressed. 

The strapping field, fig. 12, permits indi
vidual strapping of each channel as re
gards speed and code structure. 

The information in the strapping field 
can be transferred to the central unit 
store by pressing a reprogramming but
ton. It is then possible to remove the 
strapping board for changes without 
disturbing the operation of the equip
ment. This gives the system complete 
flexibility and the possibility of re-
programming on site. 

The action to be taken in the case of a 
multiplexor fault can also be arranged 
by means of straps. The following three 
alternatives are available: 
-switching over to steady start polarity 
-switching over to steady stop polarity 
-switching over to steady start polarity 

after loop connection of the channel 
towards the local end for 5 seconds. 

All timing information is derived from a 
central crystal-controlled clock. This 
timing gives scanning of every channel 
input at the centre of each unit element, 
counted from the beginning of the start 
element, and forming of a common sin
gle bit stream. 

Fig. 11 
Simplified block diagram of ZATF 46 CD 



Fig. 13 
Simplified block diagram of ZATF 46 CD with a 
supervision unit 

Technical data 
Type of system 

System capacity 
-Alternative A 

-Alternative B 

Speed tolerance 

Highest acceptable 
distortion of the unit 
pulse to the receiver 
Maximum start-stop 
distortion at the 
channel output 

Types of channel in
terface units 

Channel interleaving 
Bit rate after multi
plexing 

Internal data modem 
Modulation method 

Line connection 
Nominal impedance, 
line side 
Send level limits 
Receive level limits 

Power supply 
Mains voltage 

Limits 
Frequency 

Battery voltage 
Limits 

Rack 
Height 
Width 
Depth 

Code and speed de
pendent time division 
multiplex in accor
dance with CCITT 
Recommendation 
R.101 

Modula- Number of 
tion rate, channels 
bauds 
50 46 
75 22 

Modula- Number of 
tion rate, channels 
bauds 
50 46 
75 30 
150 or 
1345 22 
100 or 110 15 
200 10 
300 7 

Max. +2% for 50 and 
75-baud signals. 
Max. +1.8% for all 
other permitted speeds 

46.6% 

3% 

-Double current, high 
voltage 

-Double current, low 
voltage 

-Single current 
-V.21 signalling 

On a bit basis 

2,400 bit's 

Differential 4-phase. 
code A or code B 
4-wire 

600 ohms 
-0.5 and -46dBm 
- 3 and -43 dBm 

220 V 
+ 10 and - 1 5 % 
45 and 65 Hz 
48 or 60 V 
+20and - 1 5 % 

2.600 mm 
120 mm 
225 mm 

A bit interleaving mult ip lexing tech
nique is used in order to achieve mini
mum transfer delay Two different code 
structures can be used as recom
mended in CCITT Recommendation 
R.101. 

The 2400 bit/s bit stream is converted 
from TTL levels to the electrical charac
teristics specif ied in CCITT Recommen
dation V.28. This is the standard inter
face between the mult iplex equipment 
and the external or internal data 
modem. 

Supervision equipment 
The supervision unit, which contains a 
microprocessor, is a powerful device for 
monitor ing and fault t racing. It is par
ticularly useful when one ZAFT 46 CD 
terminal is unattended. 

One of the 46 channels in the circuit is 
used as a maintenance channel, f ig. 12. 
This allows the supervision unit to 
check the operation of the system. The 
quality of the incoming telegraph sig
nals can be monitored and open line 
condit ions detected. If there is an alarm 
at the far end terminal, for example if the 
distort ion exceeds a preset value or 
there is an open line, the supervision 
unit sends a message to the attended 
multiplex. The message includes the 
number of the affected channel. 

The near-end supervision unit receives 
the alarm message and displays it on an 
indicator. It also records the number of 
resynchronizations and on request 
transmits this information to the remote 
terminal. 

Subscriber equipment can be tested 
from the supervision unit, which then 
transmits a special distorted test mes
sage. Similarly it can also check a dis
torted message received from the sub
scriber. 

The same type of exchange of messages 
is used when a remote mult iplex is oper
ating in conjunct ion with AXB 203-4. 

Data modem 
The modem equipment operates at a 
data rate of 2,400 b i t s , synchronously 
over 4-wire telephone lines The modem 
interfaces are in accordance with CCITT 
Recommendations V.24. V.26 and V.28. 

References 
1. CCITT: Recommendation R.101. 

Orange Book, Vol. VII, Geneva 1977. 
2. Strindlund, E. et al.: AXB 20-All 

Electronic. Stored-Program-Con-
trolled System for Telex and 
Asynchronous Data Traffic. 
Ericsson Rev. 54 (1977):1, pp. 3 2 -
40. 

3. Strindlund, E. et at.: AXB 20~De-
scription of System. Ericsson Rev. 
54(1977):1, pp. 41-51. 

4. Logdberg, L.E. et al.: AXB 20-Op-
eration and Maintenance Charac
teristics. Ericsson Rev. 55(1978):3, 
pp. 106-112. 

5. Gatta, A. et al.: Sistema TDM per la 
transmissione di segnali telegrafici 
e dati tipo ZATF 46 CD. Not. Teen. 
FATME No. 23, June 1978. 

6. Squartini, G.: Sistema TDM per la 
transmissione di segnali telegrafici 
e dati. XXV International Scientific 
Meeting on Electronics, March 
1978, Rome. 



Computer Controlled Interlocking 
System 

Hans S. Andersson and Gunnar Hagelin 

LM Ericsson, in collaboration with the Swedish State Railways, have developed a 
computer controlled interlocking system for railway yards. The computer control 
means a considerable modernization of equipment compared with 
electromechanical technology. This modern interlocking system is already in 
operation in Sweden in the Gothenburg and Malmb areas 
The authors describe the system and how its fail-safe function has been 
achieved. This is followed by a description of a planning system for installations, 
and the article concludes with a brief account of the installations already in 
operation. 
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The degree of safety obtained with robust relays, 
large insulation distances between the circuit 
elements, guided contacts and simple circuit 
structure corresponds to what is obtained with 
large information and system redundancy in a 
computer controlled system 

Fig. 2 
The LM Ericsson computer UAC 1610 P for stored 
program control of the signal box for the Malmo 
railway yard area, in south Sweden 

Interlocking systems are used in railway 
signalling systems in order to ensure the 
safety of train movements. Before any 
train is moved a train route is prepared, 
which isthen protected by the interlock
ing system against 
-other trains in the train route, by 

checking that the track is clear 
-other frontal train movements, by 

checking that there is an overlap area 
also beyond the end of the train route 
and that signals in the opposite direc
tion show stop 

-other flanking train movements, by 
checking that conflicting train move
ments are prevented by trap points 
and signals at stop 

-changes in the point positions, by 
checking that all points in the actual 
train route, the overlap area and the 

flank protection area are locked in the 
correct position. 

The protection is supplemented by a 
regulation that instructs the driver to 
keep within the applicable speed limit 
and to stop the train at the end of the 
train route. Equipment is also available 
which supervises the speed of the train 
and brakes it automatically if the driver 
does not comply with the regulations, as 
has been described in previous articles 
in Ericsson Review12. 

The checking that all conditions for au
thorizing a train movement have been 
met is carried out wholly automatically 
in modern signal safety systems. Con
ventional systems use safety relays, the 
contacts of which are connected to
gether to form current paths that corre
spond to the different conditions. In LM 
Ericssons new system, the interlocking 
conditions are checked by a computer, 
figs. 1 and 2. 

System principle 
Stored program control has been 
chosen for the interlocking function be
cause the increasing demands for more 
complex interlocking conditions have 
made it very difficult to design systems 
using relay technology that can easily 
be modified and extended. The use of 
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Fig. 3 
The main parts of the interlocking system 

Fig. 4 
The control office for the Gothenburg railway 
yard area, western Sweden 

computer control for the interlocking 
function makes the matching to the re
mainder of the signalling equipment 
easier. The overall cost is lower, not only 
for the equipment itself but also for the 
planning and installation. 

The trackside devices, such as track cir
cuits, points, signals etc., are connected 
in groups to concentrators, which are 
then connected, via transmission links, 
to the interlocking computers. Mes
sages are transmitted in both directions 
in serial form, and each message is sup
plemented with redundant information 
in order to ensure fail-safe function. 

The system comprises (see fig. 3): 
-control and supervisory subsystem 
-interlocking subsystem 
-transmission network between the in

terlocking subsystem and the track-
side concentrators 

-subsystem for interfacing between the 
concentrators transmission terminals 
and the trackside devices. 

The first two subsystems are computer 
controlled and the computers are dupli
cated to ensure availability. The trans
mission network is supplemented with 
alternative routes. 

A documentation system, which uses a 
separate computer has also been de
veloped for the planning of installations. 

Control and supervision 
subsystem 
In the new interlocking system colour 
displays replace the old type of indica
tion panels, where lamps were used to 
indicate train positions, signal condi
tions, point positionsetc. Each operator 
now has a work position with two dis
play units and a keyboard which is used 
to give all commands, figs. 4 and 5. One 
display gives an overall picture of the 
supervised track area, and the other 
gives detailed information for a selected 
part of the track. 

Different types of alarms are also shown 
on the display units, and the operator 
can enter commands via the keyboard 
to display alphanumerical information 
concerning a particular alarm. 

The system also permits automatic com
mands. Such commands are pro
grammed in advance and are released 
when certain conditions are met. The 
operator can also compile automatic 
functions himself, for example for fre
quently recurring shunting movements. 

Commands to the interlocking system, 
forexample the setting up of a train rou
te, are always reviewed before the inter
locking system starts to arrange safe
guards, block devices, change points 
etc. This is done to prevent the system 



Fig. 6 
The processing stages during an operating cycle 

Fig. 5 
Keyboard for the input of commands 

from being loaded with unnecessary 
blockings. A command that is not ac
cepted in the review is put in a command 
queue, and is then reviewed repeatedly 
until the conditions are met or the com
mand is cancelled manually. 

Interlocking subsystem 
The interlocking subsystem acts as a 
safety filter and prevents dangerous 
commands from the control system 
from being executed. The stored pro
gram control in the interlocking system 
uses an algorithm for this filter function, 
so that 
-correct commands from the control 

system are safely transmitted to 
points, signals and level crossing 
equipment 

-devices that are to be included in a 
train route are blocked against use in 
other routes 

-blocked devices are relased when the 
train is clear of the route. 

The processing in the interlocking com
puter is cyclic. The cycle time is approx
imately one second. During each cycle, 
fig 6, 
-a l l information concerning the state of 

the various devices is collected 
-any commands from the control and 

supervision system are processed 

- the interlocking data are processed in 
two separate program sequences 

-commands to the devices are com
piled and transmitted 

-information concerning the yard sta
tus is transmitted to the control and 
supervision system. 

Commands from the control and super
vision system are transmitted in a back
ground program and not as a part of the 
fixed cycle. 

The data processing is duplicated for 
safety reasons. Two different program 
sequenceseach process the yard device 
data in accordance with the algorithm. 
The processing results in two com
mands per device, and check bits are 
added to both in order to ensure safe 
transmission. Finally the command 
message from one program sequence 
and the check part from the other are 
combined and sent via the concentrator 
to the interfacing equipment for the 
trackside device. 

Interlocking conditions 
according to the 
geographical method 
The interlocking conditions have been 
given a stringent mathematical descrip-

Control and supervisory equipment 

Fig. 7 
The basic principle of the geographical method 
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Fig. 8 
A set train route is marked with a green line on 
the display -creen and a shunting route is 
marked with yellow or blue alternatively 

t ion. The condi t ions are described in ac
cordance with the geographical meth
od, which means that they are related to 
the various trackside devices: points, 
signals, derailers etc.' For each device 
the condit ions for every possible state 
and every possible change of state are 
set. Fig. 7 shows the geographical meth
od in principle. Each device has an asso
ciated block with interfaces towards 
- t h e control system 
- t h e trackside device 
- t h e blocks for the "geographical 

neighbours ". 

The interfaces towards the neighbours 
are the same for all devices, whereas the 
interfaces towards the control system 
and towards the trackside device are the 
same for each type of device. 

When a train route is set up, figs. 7 and 8. 
the block for signal C receives an order 
from the control system to seek the nec
essary protect ion for the train route, so 
that command to show green light can 
be sent to the signal. At the same time 
the other blocks in the train route are 
ordered to assume states that form the 
condit ions for establishing the route. 
Forexample, signal D is ordered to form 
the end point of the train route, which in 
its turn means that signal D must seek 
the necessary protect ion for the overlap 
area beyond the signal. Messages are 
then exchanged between the blocks in 
accordance with the program, and the 
blocks successively change state until 
the states of the whole chain of blocks in 
the train route agree with the interlock
ing condit ions. The changes of state of 
the blocks also mean that the points in 
the train route and the flank protect ion 
are set and locked in the correct posi
t ion etc. When all this has been com
pleted, all condi t ions for the train route 
have been fulf i l led and the block for sig
nal C can send a command to set the 
signal to "c lear" . 

The messages that are exchanged be
tween blocks which are geographical 
neighbours can be divided into the fol
lowing categories, namely messages 
that 

- s ta te the type of train route that is to be 
established, and which command the 
locking of the route 

- i nd ica te the type of flank protect ion 
and the length of the overlap area re
quired for the train route 

- i n f o r m that flank protect ion and over
lap protect ion are achieved 

- i nd i ca te clear track along the train 
route, in the overlap area and in the 
flank protect ion areas 

- s ta te the maximum speed for the train 
route 

- c o n t r o l the level crossing devices 
- re lease the devices in the train route 

when the train has passed. 

Types of blocks 
For each block there is a descript ion of 
how the block must react to an incom
ing message, and which messages the 
block is to send to its neighbours, its 
own device and the control system. 

The system contains the fo l lowing eight 
types of blocks: 
- s igna l blocks for signals 
-advance signal blocks for indepen

dent advance signals 
- p o i n t blocks for points and stop 

blocks 
-c rosss ing blocks for track crossings 
- r o a d blocks for level crossing devices 
-boundary blocks for the boundary to

wards areas wi thout inter locking 
- l i n e blocks forming boundaries 

against lines between stations and 
against other signal box areas 

-obs tac le blocks, which add depen
dence on extra track circuits. 

Processing of blocks 
The condit ions for each type of block 
are described by a number of equations 
in algebra that is similar to Boolean al
gebra, f ig. 9. However, each variable can 
normally take up more than two values. 

When processing a block, for example 
signal block D, the computer program 
uses the equations that apply for signall
ing blocks on the data of signal D, f ig. 

Fig. 9 
An equation that describes a sub-condition for a 
device 

IF(K.EQ.4.AND.(P1.EQ.2.OR.P1.EQ.3) .AND.R0.EQ.1.AND. 
* (PK.NEJ .0R.R6 .EQ.1 .AND. (U2 .NE.8 .0R. 
* I205.EQ.0 ,AND.T2.EQ.0) ) )R6=1. 



Fig. 10 
The basic principle ot the processing of the data 
concerning an object block 

Fig. 11 
Transmission terminal and interfacing relay units 
in a concentrator 

Fig. 12 
The format of telegrams between the interlocking 
computer and the concentrators 

10. The processing, including the ex
change of messages with neighbouring 
blocks, continues until the equations 
have been satisfied and have resulted in 
- a change of state for the block in ques

tion 
- a change of state for the geographical 

neighbours 
- the necessary commands to the de

vice associated with the block 
-information to the control system. 

Transmission network 
Concentrators are placed in the track 
area near groups of devices. Each con
centrator contains interfacing equip
ment for the various devices and a trans
mission terminal, fig. 11. The system is 
dimensioned so that each terminal can 
serve 24 track circuits and 31 other de
vices. The system can address 64 termi
nals. However, the cycle time, one sec
ond, limits the number of devices that 

can be served to less than the total ad
dressing capacity. Two important pa
rameters in this connection are the in
terdependence of the devices and the 
number of simultaneous train move
ments in the track area served. 

The exchange of messages between the 
interlocking computer and the con
centrators is serial in half duplex form 
over two-wire circuits. The transmission 
rate is 4,800 bit/s. Two concentrators 
can be connected to each two-wire cir
cuit. The transmission terminals can be 
reached from the computer via two al
ternative routes. 

The exchange of messages must meet 
the fail-safe requirement. Each mes
sage therefore contains a number of 
check bits in addition to the actual infor
mation, which ensure that distorted 
messages cannot be misinterpreted and 
cause danger. Fig. 12 shows the struc-



79 

Fig. 13 
Block diagram of the interfacing circuits for a 
trackside device 

Fig. 14 
Duplica ted processing of commands to ensure 

fail-safe func t ion 

ture of the messages to and from the 
inter locking computer. 

Trackside interfacing 
equipment 
The equipment for interfacing towards 
the trackside devices is realized in con
ventional relay technology. It also in
cludes relays for the decoding and 
checking of orders f rom the interlock
ing system. In addit ion it contains equip
ment for encoding the information 
about device states that has to be sent 
back to the inter locking system, f ig. 13. 

For example, for a point the fo l lowing 
information is exchanged between the 
interlocking system and the interfacing 
equipment: 

Commands 
- re lease the locking of the point 
- l o c k the point 
- s e t the point to the reverse posit ion 
- s e t the point to the normal posit ion 
- re lease the point for local operation 
- r esume control of the point. 

State information 
- sw i t ch ing is taking place, or the posi

t ion is not under control for some 
other reason 

- t h e point is locked in the reverse posi
t ion 

- t h e point is locked in the normal posi
t ion 

- t h e point is released for local opera
t ion. 

Fail-safe function 
The useof computers in equipment with 
fail-safe funct ion requires a system de
sign that can never set the control led 
devices in dangerous posit ions, even if 
faults occur in the hardware or the soft
ware. Thus the data processing that 
leads to such commands as "c lear" for 
signals is always carried out in two sepa
rate program sequences, and the results 
must be compared outside the compu
ter oefore the command can be ex
ecuted, fig. 14. 

The two program sequences have been 
designed by two separate programming 
teams and have both undergone careful 
examination and testing. The program 
sequences with the assocciated data 
are stored in different places in the com
puter memory, so that any hardware 
faults wil l also be discovered. 

One prerequisite for the system is that 
the data to be processed are not too old. 
The stored informat ion in the computer 
concerning the state of the different de
vices etc. is therefore updated every 
program cycle. Furthermore the data 
are labelled with the t ime, so that their 
age can be checked. 

The mathematical descript ion of the 
safety condi t ions, which forms the basis 
for the whole system, has been exam
ined in detail by signal and traffic ex
perts and has also been tested in a sim
ulator. There is only one version of the 
descript ion, but it is stored in the memo
ry area of each of the two progam se
quences, and wil l therefore be used in 
two different ways. 

Individual data, which describe the vari
ous devices and their neighbours in 
each instal lat ion, also occur in only one 
version, but are also stored in both pro
gram areas. 

The system contains further funct ions 
to ensure fail-safe operat ion. This prob
lem has been discussed fairly com
prehensively in a previous article2. 

E 



Project planning system 
A project planning system is used to pre
pare installation documents and the in
dividual data for the control computers. 
An off line computer is used for the pro
ject planning system. The input data for 
this system are specif ied on standard
ized forms by the customer's project 
planners. The input data consist mainly 
of information concerning the structure 
of the track network and the individual 
characteristics of the yard devices. 

The system provides 
- d a t a files for the control computers 
- i n fo rma t ion fo r the installation of con

centrators, cabinets, cables etc. 
-mater ie l lists. 

The project planning system is also 
used to plan extensions, handle version 
numbering etc. The data concerning 
each installation are stored in a data 
base. 

Installations 
Interlocking systems of the type de
scribed above are in operation in 
Gothenburg and Malmo yard areas. 

Trial operation started in a small part of 
the Gothenburg yard area in May 1978. 
The results were satisfactory, and after 
minor modif icat ions to the program sys
tem the installation was extended in 
November 1979 to include the central 
parts of the yard area. 

The Gothenburg yard area is extensive 
and includes a large number of pas
senger stations as well as goods, har
bour and industrial yards. Before the in-
stallt ion of the new system the five 
passenger stations had individual signal 
boxes. These were worn and the opera
tion was very personnel-demanding. 
The goods yards, and the tracks be
tween them, lacked adequate safety ar
rangements, which meant that a large 
staff was required for the traffic hand
ling and that the traffic capacity was 
low. 

With the new system the traffic control 
and the safety inter locking have been 
centralized to one place, f ig. 4. The 
trackside devices are successively 
being connected into the system. At 
present over 600 devices are under con
trol, inc luding 115 points, 216 signals 
and 203 track circuits. The central 
equipment communicates with the de
vices via 15 concentrators. When fully 
extended the installation will comprise 
about 1,200 devices. 

The Malmo installation wil l comprise 
three passenger stations, two of which 
were completed in February 1981 and 
which contain about 330 trackside de
vices, including 40 points, 145 signals 
and 110 track circuits. The d c ices are 
connected to the central equipment via 
nine concentrators. 
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Fig. 15 
The control office for Malmo railway yard area 



for Large Plants 

Leif Hansson and Renzo Santi 

LM Ericsson are now introducing a new thyristor rectifier. BMT 343. for 48 V and 
400 A. It forms part of a new power supply system. BID 412. for large 
telecommunication plants. The authors describe how the rectifier functions in 
that system, its electrical and mechanical design, its control arrangements, its 
protection and alarm circuits and its installation, operation and maintenance 
features. 

UDC 621.314.6: 
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LM Er icssons previous power supply 
system, BZD 101, was replaced for small 
plants by system BZD 112 in 1978. The 
product range is now also being up
dated for large plants by the introduc
tion of system BZD 412. An important 
part of this new system is the thyristor 
rectifier, BMT 343. for 48 V and 400 A 

BMT 343, f ig. 1, is intended primarily for 
feeding large electronic exchange sys
tems for telephony, telex or data, such 
as the LM Ericsson systems AXE 10, 
A X B 2 0 a n d AXB 30. 

The new rectifier 
-mee ts the demands that are made on 

power supply units for electronic 
equipment as regards ability to wi th
stand transients on the a.c. side and 

low transient and interference levels 
on the d.c. side 

-is equipped with protective devices, 
which prevent damage or operational 
disturbances in the equipment which 
it supplies 

-is suitable for connect ion to low 
quality mains, e.g. mains with large 
variations in voltage and frequency, or 
with frequent interrupt ions, or f rom 
low power high- impedance mains, 
e.g. local standby power plants 

-contains few units, which makes for 
simple installation, testing and putt ing 
into operation 

-has high reliability, is easy to handle 
and requires little maintenance. It can 
be remotely control led as regards 
switching on and off. changing the 
voltage for battery charging etc 
Alarms are automatical ly forwarded to 
central equipment These features 
make the rectifier very suitable for un
manned exchanges 

-is designed to ensure high personnel 
safety. Live parts have been made so 
inaccessible that accidental contact is 
impossible 

-is dimensioned for natural cool ing 

Fig. 1 
Power supply system BZD 412. 
The picture shows, from the left, distribution rack 
BMG 651, a rectifier BMT 343 with front cover, a 
rectifier without the front cover and two 400 A 
converters, BMR 273. Each rack has the dimen
sions 600x600x2200 mm 



Function in the system 
The rectifier, BMT 343, can be used in 
different power supply systems con
taining batteries, f ig. 2. During opera
t ion the battery is f loat-charged in the 
conventional way. The rectifier voltage 
is kept so high that the self-discharge of 
the battery is compensated. 

After a heavy battery discharge, for ex
ample after a mains failure, the rectifier 
output voltage is raised to the recharg
ing level. When the battery is fully re
charged, the voltage is decreased to the 
float level. The state of the battery is 
monitored cont inuously by automatic 
charging equipment, previously de
scribed in Ericsson Review2. 

Several rectifiers can be connected in 
parallel and the current load is then 
shared equally between them. Step-
connect ion equipment can also be 
used, which connects and disconnects 
rectifiers according to the load. This 
step-connection equipment is only 
provided where the current consump
tion varies considerably. 

Special Master Voltage Control (MVC) 
equipment is used in very large systems 
if the power supply is sect ioned. MVC is 
connected to the rectifier group in each 
section and provides them with correc
t ion signals, so that the different parts of 
the powered te lecommunicat ions plant 
receive exactly the same voltage from 
each rectifier group. The rectifier design 
also allows for control f rom a cen
tralized microcomputer supervision 
system. 

Technical description 
The rectifier consists of the following 
units: 
- d . c . control led contactor for connec

t ion to the a.c. mains 
- t w o transformers for transforming 

down to a twelve-phase secondary 
voltage 

- thyr is to rs with control circuits for the 
rectifying funct ion 

- in te rphase transformers for con
necting together the neutral points in 
the star windings of the secondary 
sides 

- a filter for smooth ing the d.c. voltage. 

The rectifier also contains devices for 
operation and alarm, mounted on the 
front, and circuits for receiving and ex
ecuting remote control commands. 
There are also internal protective de
vices which disconnect the rectifier in 
the case of overvoltage and then auto
matically start it up again. In addit ion the 
rectifier contains phase failure protec
tion and electronic fuse alarms. 

Rectifier circuit 
The three primary windings are star-
connected in onet rans formerand delta-
connected in the other, f ig. 3. The sec
ondary windings of each transformer 
are connected as two three-phase stars 
with 180° phase shift between them. In 
this way each transformer gives six pha
ses with 60° shift relative to each other. 
The different connect ions of the respec
tive primary windings to the mains mean 
that the two six-phase stars have a pha
se shift of 30 and thus the overall result 
is a twelve-phase star with 30 : between 
the phases. 

LEIFHANSSON 
RENZOSANTI 
Power Supply Department 
Telefonaktiebolaget LM Ericsson 

Fig. 2 
Power supply system BZD 412 with thynstor 
rectifiers BMT 343 and high-frequency booster 
converters. 
The block diagram shows the position of the 
various units in the system 
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On thesecondary side the neutral points 
of the two stars in each transformer are 
connected to an interphase trans
former. The centre points of the two in
terphase transformers are then con
nected to a third interphase trans
former, the centre point of which con
stitutes the negative pole of the rectifier. 

The interphase transformers maintain 
the voltage differences that occur be
tween the neutral points of the stars and 
constrain the current to divide equally 
between the two halves of the windings. 
This means that each three-phase star 
will contribute a quarter of the total cur
rent. There is no d.c. magnetization of 
the interphase transformers since the 
currents in their two winding halves are 
equal and oppositely directed. 

The rectifier consists of twelve thyris-
tors. one for each phase. Each thyristor 
normally conducts for a third of the 
mains cycle, i.e. the conducting angle is 
120°. This means that four thyristors, 
one in each three-phase star, conduct 
simultaneously. The peak current 
through each thyristor is thus a quarter 
of the output current. 

The output voltage from the inter-con
nected thyristors is a d.c. voltage with a 
ripple frequency that is twelve times the 
mains frequency, namely 600 Hz. This 
high ripple frequency means that the 
smoothing filter that follows can be 
made with small mechanical dimen
sions. The filter isaT-type low pass filter 
with chokes in the series branches and 

two electrolytic capacitor banks with 
fuses in the shunt branch, an LCL filter. 
The a.c. voltage component is attenu
ated in two steps in the filter, first by the 
choke nearest the interphase trans
former and the capacitor banks, then by 
the second choke and the battery. The 
chokes limit the ripple current, and the 
capacitor and battery shunt the current, 
so that the resultant noise voltage at the 
output across the battery is very low. 

A fuse which also functions as an isola
tor is included in the rectifier output 
When the rectifier is to be connected to 
the battery, the filter capacitors must be 
charged before the fuse is inserted. This 
charging is carried out automatically by 
a special circuit. An LED indicates when 
the charging is completed. Slow charg
ing is necessary, otherwise the large ca
pacitor banks would experience a cur
rent surge that could shorten their life. 
Furthermore the filter capacitor fuses 
would not withstand a rapid charging. 

On the d.c. side the rectifier satisfies the 
radio interference requirements of 
CISPR Recommendation No 43 On the 
mains side, radio interference suppres
sion filters are not standard but can be 
included in the rectifier as optional ex
tras. 

Control circuits 
Voltage-control of the rectifier is 
effected by changing the trigger phase 
angle of the thyristors so as to keep the 
output voltage constant. When the out
put current exceeds the rated value, the 

Fig. 3 
The rectifier circuit. 
Three-phase mains voltage is fed to the two 
transformers via the mains contactor. The thyris
tors in the thyristor unit rectify and control the 
voltage, which is then smoothed in the filter unit. 
The thyristors receive trigger pulses at the cor
rect instants so that the output voltage is kept 
constant 



Fig. 5 
The printed board assemblies with the control 
circuits. At the top the printed board assembly tor 
the internal power supply, below those for all 
control circuits 

Fig. 4, below 
Block diagram of the control circuitry, which is 
divided into four blocks. The control and drive 
circuits provide the thyristors with trigger pulses 
phased so that the output voltage and current are 
kept constant. The alarm and supervision circui
try consists of drive circuits for the mains 
contactor and push-button switches for external 
control of the rectifier. 
The internal power supply provides the feeding 
voltages for the control circuitry 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Internal power supply 
Reterence voltage 
Voltage sensing 
Current sensing 
Integrator 
Comparator 
Pulse generation 
Thyristor drive 
Thyristors 

10 
11 

12 
13 
14 
l b 
16 
17 

Fuse sensing 
Overvoltage sensing 
Phase sensing 
Supervision and alarm 
Contactor drive 
Indication 
Operation 
Mains contactor 

constant voltage control ischanged into 
constant current control in order to 
avoid overloading the rectifier, f ig. 4. 

The control circuits, with their alarm 
and supervision circuits, are mounted 
on two printed boards, f ig. 5. A third 
printed board holds transformers for 
synchronizing, tr igger pulse feeding 
and circuits for the internal power sup
ply. 

The interal power supply is stabilized by 
voltage regulators. The reference volt
age consists of the voltage across a 
zener diode with compensated tern-

perature dependence. A resistive volt
age divider is used to sense the voltage 
and a shunt to sense the current. The 
difference between the actual and desir
ed d.c. voltage values is fed to the con
trol amplif ier. 

The output signal f rom the control ampli
fier, together with the synchronization 
voltages, are fed to comparators, which 
give twelve tr igger pulses per period with 
a phase shift of 30°. The phase position of 
the control pulses relative that of thea.c. 
voltage is affected by the output signal 
from the control amplif ier, so that con
stant voltage or constant current control 
is obtained. There is an amplif ier stage 
for each tr igger pulse to ensure large 
control pulses with a rectangular shape 
and steep flank, which is necessary for 
tr iggering large thyristors. The control 
current is constant and independent of 
the thyristor characterist ics. 

The current control circuits in all rec
tifiers that are connected in parallel are 
connected via special amplif iers, one in 
each rectifier, in such a way that they 
share the total direct current equally. 

When the rectifier is started, the current 
and voltage are increased slowly (walk-
in start). This method avoids voltage 
transients towards the load and current 
shocks towards the battery. 

The rectifier output voltage can be ad
justed to between 44 and 61 V using 
potentiometers. The upper limit for the 
rectifier output current is normally 400 
A. With manually control led rapid 
charging of the battery, this current can 
be l imited to other values below 400 A by 
means of another potentiometer. 

The main features of the control system 
are: 
- co r rec t funct ion even with large mains 

waveform distort ion 
- e v e n current sharing by the 12 thyris

tors in the rectifier 
- t h e regulat ion level is not sensitive to 

variations in temperature 
- e v e n load sharing between rectifiers 

that work in parallel. 

Protection and alarm circuits 
The rectifier is protected against excess 
current by the current l imit ing of the 
control system and by the fuse on the 
output, which wil l blow for the current 
surge that occurs with a short circuit. 
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Fig. 7 
A complete rectifier. 
The units are installed and the cabling is done 
from the front 

Further short-circuit protect ion is 
provided by two cartr idge fuses, which 
protect the transformers and current 
measuring shunts against short circuits 
in the thyristor unit. 

The rectifier has a selective overvoltage 
protection combined with automatic re
start, f ig. 6. If the output voltage exceeds 
a predetermined level, the thyristor tr ig
ger pulses wil l be momentari ly blocked, 
thereby cutt ing off the power output 
from the rectifier The rectifier is then 
restarted in the walk-in mode. If the 
overvoltage recurs and at the same time 
the current from the rectifier exceeds a 
certain value, the rectifier wil l be com
pletely switched off via the mains con-
tac torand an alarm given. Current sens
ing is carried out in order to achieve 
selectivity. The rectifier that causes the 
overvoltage will be delivering all of the 
current to the load. This means that the 
rectifiers which have overvoltage on 
their output but do not deliver current 
have not caused the overvoltage These 
rectifiers therefore do not have to be 
disconnected. 

Automatic restart effectively prevents 
spurious shut-downs due to voltage 
transients of external or igin, for exam
ple caused by a fuse blowing. 

If an interruption occurs in one phase, 
the rectifier would work as a single-pha
se rectifier with a risk of overloading the 
thyristors. Moreover the noise voltage at 
the rectifier output would increase. This 

is prevented by a phase failure protec
t ion, which blocks the thyristor tr igger 
pulses and gives an alarm if there is an 
interruption in any of the phases. Re
start is carried out automatical ly when 
the fault has been cleared 

All fuses in the rectifier are supervised 
by an electronic circuit, which discon
nects the mains contactor and gives an 
alarm for a blown fuse 

Operation 
The rectifier can be operated directly or 
remotely. 

Direct operation is by means of push-
botton switches placed on the front of 
the rectifier With direct operation it is 
possible to 
- connec t and disconnect the rectifier 
- increase the output voltage for battery 

charging 
- rese t alarms 
- t e s t the overvoltage protect ion 

Remote operation is carried out over a 
cable plugged into the rectifier. With re
mote operation it is possible to 
- increase the rectifier output voltage 

for battery charging 
- c o n t r o l the rectifier output voltage so 

that it fo l lows an external voltage 
(MVC) 

- b l o c k the thyristor tr igger pulses and 
thus obtain momentary disconnect ion 

-opera te the rectifier mains contactor. 
for example with control f rom a step 
connect ion device. 

Fig. 6 
The operation of the overvoltage protection. 
If the rectifier output voltage becomes too high, 
the rectifier is first blocked momentarily, then 
restarted. If the overvoltage recurs, and at the 
same time the current exceeds a certain preset 
value, the rectifier is completely disconnected. 
However, no disconnection takes place if the 
rectifier operates normally after the restart. Thus 
transients cannot cause disconnection 

Overvoltage l imit 

Output voltage (vol
tage across the bat
tery) 

Output current 

Current l imit 



Fig. 8 
The transformers are equipped with wheels, 
which simplifies their handling during installa
tion. The front cross-member of the rack is 
removed when the transformers are installed. 
Clear labelling ensures correct connection to the 
secondary side. The fixed cables on the primary 
side are connected direct to the mains contactor 

Mechanical construction 
The rectifier is mounted in a rack, BAF 
201, with dimensions 6 0 0 - 6 0 0 - 2 2 0 0 
mm, fig 7. It is covered with three front 
plates. The six units in the rectif ier rack 
are mounted in the fo l lowing order 
(from the bottom): transformers, mains 
contactor, thyristor unit, interphase 
transformers and filter unit. The rack 
sides are equipped with guide rails, so 
that the units, with the except ion of the 
transformers, can be slid in and out of 
the rack. The units are cooled in accor
dance with the parallel cool ing pr inci
ple, which means that there are several 
air inlets in the front panels. 

The transformers are placed direct on 
the floor, f ig. 8. They are mounted on 
wheels, which simplif ies installation 
and reduces acoustic noise (hum) dur
ing operat ion. Fixed cables on the pr im
ary side of each transformer are con
nected to the mams contactor. The 
secondary side has a terminal strip with 
screws to fix cable lugs. 

The thyristor unit contains four heat 
sinks on which the twelve thyristors are 
mounted, f ig. 9. At the front of the unit a 
cassette is mounted which holds the 

three printed board assemblies for the 
control electronics, an ammeter and all 
secondary circuitry for the plug in con
nection of the other units. 

The interphase transformer unit con
tains the three transformers and two 
fuses. The filter unit contains the two 
chokes, the electrolyt ic capacitors, the 
500 A output fuse and the capacitor 
charging circuit. 

Installation, operation and 
maintenance 
Simple and quick installation was one of 
the main aims when designing the rec
tifier. It is delivered f rom the factory in 
fully tested, easy-to-handle units. The 
rectifier is connected to the system bus
bars by means of bar contacts, f ig. 10. 

The installation only requires ordinary 
hand tools, and the installation testing is 
reduced to a visual inspection to detect 
any transport damage, fol lowed by a 
funct ional test. 

The rectifier works whol ly automatically 
and all operat ional changes take place 
without any manual intervention. 

Fig. 9. left 
The thyristor unit, the control circuitry and cable 
connections to the other units can easily be 
pulled out from the rack The components are 
then accessible for measurements and service 

Fig. 10. right 
This side view of the rectifier shows the vertical 
positive and negative busbars. These bars are 
connected to the horizontal system busbars at 
the top of the rack by means of bar contacts 



Technical data 
Input data 
Mains voltage. 3-phase. 
standard 
Permissible voltage 
variation 
Do. with 2 % regulation 
accuracy 
Permissible frequency 
variation 
Permissible mains 
distortion 
Primary current with nomi
nal input voltage and 
maximum output current 
Power factor with nomi
nal input voltage and 75 % 
output current 
Effficiency with nomi
nal input voltage and 60 
100 % output current 
Radio interference on 
the mains side (relative 
1 /JV) measured in 
accordance with CISPR 
Recommendation No. 43, 
using additional radio 
interference suppression 
filters 

0 15-0.50 MHz 
0 50-30 MHz 

Output data 
In parallel operation 
with a battery of 
System voltage 
Output current 
Static regulation over 
the whole permissible 
variation range for mains 
voltage, mains frequency 
and output current 
Dynamic regulation with 
step changes of the 
output current from 50 % 
to 75 % and back to 50 % 

response time 
voltage deviation 

Noise voltage 
psophometric 
peak value 

Radio interference on 
the d.c. side (relative 
1 MV) measured in 
accordance 
with CISPR Recommen
dation No. 43 

0.15-0.50 MHz 
0.50-30 MHz 

Adjustable levels 
Voltage 

normal float level 
charging level 
rapid charging 

Current limiting 

General data 
Ambient temperature 

operation 
non-destructive 

Reliability, MTBF 
Acoustic noise level 
measured at a dis
tance of 1 m 
Dimensions 

width 
depth 
height 

Weight 

The valuse given above are normal values and 
are subject to alteration. 
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In order to reduce the risk to personnel 
working on the rectifier, all parts at 
mains voltage have been shielded The 
rectifier can easily be taken out of oper
ation for work on the units without the 
staff having to come close to any live 
parts. 

Reliability 
Rectifiers for telecommunications 
plants must have high reliability This 
has been achieved in the design of BMT 
343 by 
-choosing only components of high 

quality and subjecting them to exten
sive testing before acceptance 

-applying dimensioning rules with 
wide safety margins, 

when engineering the system, by 
-always ensuring that standby rec

tifiers are available 
-designing each rectifier as an inde

pendent unit. i.e. ensuring that its 
function does not depend on a central 
control unit and that selective discon
nection can take place autonomously. 

The MTBF (Mean Time Between 
Failures) is calculated to be 17 years. 
The life of the rectifier is estimated to be 
40 years under normal operating condi
tions. 
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Central Expert Support for Maintenance 
and Installation 

Lars Estberger 

LM Ericsson s stored program controlled telephone exchanges are equipped 

with a fault diagnosis system which gives detailed information on how to clear 

any faults that may occur in the exchange hardware. The fault clearing is usually 

simple and a matter of routine. However, expert assistance may be necessary for 

rare faults of a complicated nature. Such assistance is normally organized 

centrally within the country, but during an introductory stage it may be desirable 

to be able to consult an external group of specialists. In this article a description 

is given of the expert support provided by LM Ericsson in Stockholm. Sweden, in 

the form of guidance for complicated fault tracing. The expert support can also 

include regular inspections of telephone exchanges to determine the condition 

of the equipment and to locate any faults. Assistance can also be provided for 

processor installation and extensions. 

UDC 621.3.95.34.004.5 

Fig. 1 
An expert located at the MSC (Maintenance Support 
Centre). The illustration indicates the working phi
losophy. As necessary, the expert goes to the OMC 
or the exchange to give the appropriate assistance. 
Fig. 9 shows alternative means of communica t ion . 

AOM 101 Operation and maintenance system tor the network 
OMC Operation and maintenance centre 
MSC Local maintenance support centre 
MIPSC Central maintenance support from LM Ericsson in 

Stockholm. Sweden 

LM Ericsson's telephone exchange sys
tems have long been wel l -known forthe 
small amount of effort needed to main
tain the equipment. High reliability and 
comprehensive supervision equipment 
with good coverage permit controlled 
corrective maintenance1 . The introduc
tion of stored program control (SPC) 
has ied to further improvement of the 
maintenance funct ions. LM Ericsson's 
SPC exchanges have a very extensive 
maintenance system, with automatic 
analysis and report ing of equipment be
haviour. The maintenance functions in 
system AXE 10 and the centralization of 
the maintenance funct ions in a tele
phone network have been described 
previously23. 

This central ization has reduced the 
maintenance work further. For example, 
a normal telephone network with AXE 
10 exchanges requires only about 0.05 
hours per subscriber line and year for 
the maintenance of the exchange equip
ment. At the same t ime the maintenance 
work has changed, and this necessi
tates some changes in the way the work 
is organized. Experience has shown 
that it is suitable to use a hierarchic or
ganization which distr ibutes the tasks to 
different personnel groups with dif
ferent t raining. 

SPC technology simplifies 
the ordinary maintenance 
work 
The increasing demands for reliability, 
f lexibil i ty and services have led to in
creasingly advanced technology being 
applied in the exchange equipment. 

Before the int roduct ion of SPC the ex
change control funct ions were incorpo
rated in the mechanical construct ion or 
in electrical circuitry. With the aid of the 
corresponding diagrams an experi
enced technician could fo l low all indi
vidual stages in the operat ion of the tele
phone system and this enabled him to 
carry out his job wi thout knowing the 
system in all its details. Tradit ionally all 
technical maintenance work in tele
phone exchanges has therefore been 
carried out by "a l l - round ' ' technicians 
with an abil ity to improvise, and thus 
only the min imum of external assistance 
has been required. 
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LARSESTBERGER 
Telephone Exchange Division 
Telefonaktiebolaget LM Ericsson 

Fig. 2 
LM Ericsson have established a Maintenance, 
Installation and Production Support Centre, 
MIPSC. in Stockholm. The picture shows an AXE 
10 exchange in MIPSC. It is employed for detailed 
analysis of complex problems 

In SPC exchanges the control funct ions 
are primarily realized in software. The 
powerful processors run extensive diag
nostic programs. Normally only a l im
ited number of faults occur in such ex
changes, and the majority of these are 
automatically identif ied and reported to 
the maintenance staff. This has sim
plified the maintenance work consider
ably, and it iscomparat ively easy to train 
maintenance staff for these routine 
tasks. At same time, the possibil i ty to 
improvise the maintenance work has 
largely disappeared, and hence it is suit
able to divide the tasks among person
nel groups with different training. 

Team of experts within the 
country 
The main part of the maintenance work 
in a network with AXE 10 exchanges can 
be centralized to one or more operation 
and maintenance centres, OMC The 
OMC staff can localize most faults. 
However, if a complicated fault should 
occur, it may be necessary for this staff 
to have access to experts with a thor
ough knowledge of both the hardware 
and the software. Seldom occurr ing 
faults, for instance in the fixed ex
change cabl ing, could be very diff icult 
to localize. The expert assistance 
should therefore be concentrated to a 

common support centre for an admin
istrative area such as an entire country. 
Such a maintenance support centre 
(MSC) is equipped with all necessary 
documentat ion and the special instru
ments and test equipment required for 
complex fault localization. 

Having a centralized team of experts 
makes it easier for the specialists to 
keep their system knowledge up to date, 
since it gives them the opportuni ty of 
more regular fault localization. This is 
very important, since there are other
wise few opportuni t ies for practical 
training in complex fault local ization, ei
ther dur ing the installation or the opera
tion of SPC exchanges. During the short 
installation time the funct ions of the 
equipment are tested mainly by means 
of special automatic test programs and 
this results in there being few oppor
tunities for normal fault t racing. More-
overthe equipment is delivered f rom the 
factory so thoroughly tested that the 
processors usually work perfectly from 
the beginning and no fault tracing is 
necessary. 

Central expert support from 
LM Ericsson in Stockholm 
Scope and organization 
A previous article has described several 
systems which have been developed to 
aid the work on LM Ericsson's tele
phone exchange systems4. These sys
tems have now been supplemented by 
the Maintenance. Installation and Prod
uct Support Centre. MIPSC. which LM 
Ericsson have established in Stock
holm. Sweden. The centre, which is also 
used for normal product ion, was set up 
in connect ion with the introduct ion of 
SPC technology. MIPSC consists of five 
separate units, which are responsible 
for 
1. AXE and AXB exchanges 
2. ARE exchanges and subsystems. 

such astol l t icket ing, operatorand I O 
systems 

3. AKE exchanges 
4. PABX systems with SPC 
5. Test equipment for SPC exchanges. 

The units, figs. 2. 3. 6, 7, 8. 11 and 12. are 
organized to provide assistance in 
maintenance and installation work at 
short notice. The organizat ion is f lexible 
enough to ensure that the appropriate 



The exchange gives an alarm, type A2. and 
indicates a quality fault for BJ number 128. 

The printed board has been exchanged and the 
alarm is acknowledged. 

Fig. 4 
When a fault occurs, the AXE 10 exchange 
normally indicates the faulty unit. The quality 
supervision gives an alarm and carries out block
ing if the number of unsuccessful connection 
attempts via a device exceeds a preset percen
tage 

The exchange confirms that the alarm condition 
has ceased and BJ has been put into operation 

type of assistance can be given on every 
occasion. This assistance can vary form 
telephone consultation to active aid on 
site. 

Since the technicians in OMC or the ex
changes will normally contact their na
tional MSC for assistance with complex 
fault clearing, the MIPSC staff in Stock
holm will be approached only if the MSC 

ductory stage, before the maintenace 
staff have acquired sufficient experi
ence. 

The services offered by MIPSC for AXE 
10 exchanges are indicated in the fol
lowing. Firstly, the normal procedurefor 
clearing faults in an AXE 10 exchange is 
described together with some examples 
of how the OMC or exchange staff carry 
out such work. 

Fig. 5 
If there are possible alternative fault causes, the 
fault diagnosis system in the AXE 10 exchange 
will list all printed board assemblies involved, 
together with the fault probability for each one 

The exchange gives an A2 alarm and indicates 
that RP (Regional Processor) number 68 has a 
check sum fault on program page 4. (The fault 
code is explained in the exchange manual ) 
PROM boards 4 and 5 are listed as having a high 
probability of being faulty 

The printed board assemblies have been changed 
and a test of RP no. 68 is ordered. The response 
confirms that RP is working properly 

Deblocking of RP is ordered This command has 
been classified as an important one and is there
fore repeated by the processor. After acceptance 
the order is executed 

The exchange informs that the alarm condition 
for RP no 68 has ceased 

staff need assistance. Contact with 
MIPSC can therefore be considered as 
an extra safeguard in the case of rare 
and especially complicated faults. 

Access to such expert assistance can be 
particularly important during an intro-

Typical fault clearance in AXE 10 
The maintenance functions in AXE 10 
(see the previous article on this sub
ject2) cover the various subsystems in 
the exchange. When a fault occurs, the 
fault report received is normally so spe
cific about the nature of the fault that 
the repair work is more routine. In most 
cases the faulty printed board assembly 
is indicated directly, fig. 4, and can be 
replaced by a spare one from the spares 
store. 

Sometimes the caracteristics of the 
fault are such that there could be more 
than one possible cause. In such casesa 
fault printout is obtained that lists the 
possible faulty printed board assem
blies together with the fault probability 
for each one, fig. 5. The repair work 
starts by replacing the printed board as
sembly with the highest fault probabili
ty If the fault remains the next printed 
board assembly is replaced and so on. 

In certain cases the alarm printout infor
mation may be insufficient to directly 
identify the fault, and fault tracing with 
the aid of built-in test functions must be 
carried out. The procedure is described 
in the operation and maintenance man-

Fig. 3 
The MIPSC unit dealing with the telex exchange 
systems, AXB 20 



ig.6 
on toll ticketing equipment in the MIPSC 

nit dealing with the ARE systems 

Fig. 7 
Measurements on the processor part of control 
system ANA 30 in the MIPSC unit dealing with the 
ARE system 

ual for the exchange. The fault localiza
tion is usually carried out from OMC, as 
has been described in a previous arti
cle3. 

The maintenance functions cover faults 
in the switching network, and associ
ated devices, faults in memories and 
power supply equipment and faults in 
maintenance circuits and switch-over 
functions. The hardware in the AXE 10 
control system is supervised by compar
ing the output of the duplicated, syn
chronous working processors. If a com
parison fault is detected, a test program 

is automatically started to identify the 
faulty processor side. This side is auto
matically blocked and then the faulty 
unit is pinpointed and an alarm is given. 

Som incidental faults are not reported to 
the maintenance staff until the same 
fault has occurred several times. This 
avoids unnecessary investigation of cir
cuits where the faulty state no longer 
exists. However, the maintenance staff 
can at any time request a printout of the 
stored information concerning such in
cidental faults. 

The powerful automatic recovery 
capabilities of AXE 10 mean that 
MIPSC need seldom be called upon 
The automatic blocking of faulty de
vices limits the effects of faults and con
sequently the traffic handling ability is 
not noticeably impaired by a small num
ber of individual faults. Furthermore, 
faults in the common sections of the 
exchange do not normally affect the 
traffic. This is because such sections 
are at least duplicated, and the faulty 
unit is automatically blocked until the 
repair has been carried out. 

Even if an incidental fault in. for exam
ple, a processor does not immediately 
result in a positive identification, the 
fault diagnosis proceedure continues in 
a predetermined way. The executive 
side of the duplicated processor con
tinues the traffic handling and the 
standby side is stopped. If the fault oc
curs again within ten minutes, a 
changeover is carried out and the stand
by side now takes over the traffic hand
ling and the executive side is stopped. 
The net result is that automatic blocking 
of a faulty processor side is achieved. 

ER 
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Fig. 8 
Processors of type APZ 130 and APZ 150 in the 
MIPSC unit dealing with the AKE system 

Whenever there is a processing failure, 
not involving hardware faults, the sys
tem recovers automatically with the aid 
of a minor restart. In most cases the 
effects of a software fault are thus elimi
nated as result of the central processor 
being cleared of all work in progress. 
Connections that have already been es
tablished are not affected, but the lim
ited number of calls that are in the regis
ter stage are disconnected, and the 
subscribers in question receive a new 
dialling tone 

If a further processing failure occurs 
within ten minutes of a minor restart, a 
major restart is initiated All variable 
data are reset and all established con-
nectionsare released. If thisaction does 
not rectify the situation, degeneration of 
programs or data has probably oc
curred. Another processing failure with
in ten minutes therefore automatically 
initiates reloading of both programs and 
data from a magnetic tape unit. 

Whenever a restart occurs the exchange 
records details of the sequence of 
events, and a printout of this informa
tion is obtained automatically. Fault lo
calization with the aid of this informa
tion requires a thorough knowledge of 

the system. MSC normally provides the 
required assistance, but help can also 
be obtained from MIPSC in Stockholm. 
The printout gives very detailed infor
mation so that the necessary corrective 
measures can be carried out at an early 
stage. 

Commmunication with MIPSC as and 
when required 
A request for assistance is normallysent 
to MIPSC via telex, fig. 9 The distur
bances should be described in suffi
cient detail to enable the system expert 
to analyze the situation. The MIPSC staff 
can also simulate the fault situation in a 
model exchange. The result of the anal
ysis and a recommendation for suitable 
action are then sent back via telex. 

In certain cases a technician may need 
guidance for fault localization in a tele
phone exchange. It is then possible to 
telephone MIPSC, where a system ex
pert is available to give advice. 

If assistance is required outside normal 
working hours, the MIPSC staff can be 
reached via an alarm centre equipped 
with telex and telephones. Whenever a 
request for help is received at the alarm 
centre, the staff on duty will notify an 
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Fig. 10 
The AXE 10 mode l exchange in MIPSC con ta ins 
suff icient hardware to permi t s imu la t ion of sever
al exchange var iants 

APZ Control subsystem with duplicated syn
chronous-working central processors 

TSS Trunk and signalling subsystem adaptable to 
different markets 

SSS-A Analog subscriber stage 
SSS-D Digital subscriber stage 
GSS-D Digital group selector 
AOM 101 Operation and maintenance subsystem 
OLD Digital display unit 
PRD Line printer 
TWD Typewriter 
MTD Magnetic tape unit 

MIPSC system expert, who will then 
make the required contact as quickly as 
possible 

Certain fault situations require analysis 
of long printouts. It is extremely impor
tant that every single f igure is exact 
when this information is transmitted to 
MIPSC Experience has shown that 
telex is not suitable for this purpose. 
MIPSC is tnerefore equipped with tele
fax, which gives rapid and rel iabletrans-
mission of wri t ten data over a normal 
telephone circuit After detailed analy
sis of the printout the MIPSC staff can 
recommend suitable action to the ex
change staff. 

It is possible to send a system expert to 
an exchange at short notice if it proves 

impossible to give sufficient assistance 
from a distance However the need of 
such visits is expected to be very small. 

Model exchange for 
simulating different variants 
of AXE 10 
MIPSC contains a model exchange of 
type AXE 10, f ig. 2 The model exchange 
contains a fully equipped, dupl icated 
central processor and sufficient switch
ing equipment to simulate several ex
change variants, f ig. 10. The store ca
pacity is so large that the exchange 
configurat ion can be changed by re
loading programs This makes it possi
ble to carry out detailed analysis of com
plicated faults, which are reported by 
the installation and maintenance staff in 
the field. 

Fig. 9 
Communica t ion with MIPSC can take place via 

telephone, telex, telefax or persona l v is i ts 

ERIC 



Fig. 11 
PABX type ASB 900 installed in the MIPSC unit 
dealing with stored program controlled PABXs 

Special test equipment makes it possi
ble to load the exchange with concen
trated traffic, so that problems which 
only appear in such circumstances can 
be investigated. The load is then consid
erably greater than any load that can 
occur in a telephone exchange. This 
simulation facil ity is particularly useful 
for testing system revisions before they 
are introduced in exchanges that are al
ready in operat ion. 

Testing of programs and data 
before installation 
Programs and data for an SPC ex
change are normally compi led indepen
dently of each other and are then tested 
separately in automatic test equipment. 
However, it is possible that certain faults 
remain in newly designed software in 
spite of such tests. Further testing can 
be carried out by loading the programs 
and the exchange data in the MIPSC 
model exchange, and then checking 
that the programs are correct. This pro

cedure means that any remaining faults 
are detected at a suff iciently early stage 
to permit correct ion before the software 
is needed for testing of the exchange on 
site. 

Testing of hardware and 
software before complicated 
extensions 
Addit ional hardware has to be installed 
when an SPC exchange is to be ex
tended and this means that new data, 
and sometimes new programs, must 
also be introduced. The various stages 
in an extension have been described in a 
previous article2. In the case of a compli
cated extension, or when the staff who 
are to carry out the extension have lim
ited experience, it may be advantageous 
to first simulate the extension in the 
model exchange. The methods used are 
the same as in the actual extension 
work, and the staff thus receive on-the-
job training. At the same time the soft
ware is checked and any faults are cor-

Fig. 12 
Calibration of stored program controlled traffic 
generators in the MIPSC unit dealing with test 
equipment 
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rected before the actual extension is 
carried out. The MIPSC staff can also 
provide assistance on site if necessary 

Help with processor 
installation 
The MIPSC staff are prepared to help 
with the start ing up of the control sys
tem for a new exchange if the local staff 
lack the necessary experience. The star-
t ing-up process takes very little t ime, 
since the control system is thoroughly 
tested at all levels before delivery The 
extensive test programs included in the 
control system are then used to test the 
telephone system, thereby taking ad
vantage of all the fault detecting facil i
ties provided by the control system5. 

A similar service can be provided when 
changing program packages in an ex
change which is in operat ion. Such as
sistance may be considered an extra 
safeguard, but it may be of value if the 
exchange staff have not sufficient expe
rience 

Service contract 
MIPSC can be used in different ways. A 
suitable way would be for a telecom
municat ions administrat ion to enter 
into a service contract, which could 
comprise all or some of the fo l lowing 
services. 
-consu l ta t ion via telephone or telex 
- te lephone assistance in tracing com

plicated faults 
- regu la r service visits 1 -4 times per 

year 
-v i s i t by an expert if a particularly com

plicated fault should occur. 

Such a contract also promotes the 
bui lding up of an efficient maintenance 
organization by providing the admin
istration's staff with cont inuous infor
mation concerning general practices 
and improvements in maintenance 
methods. In the long run it wil l therefore 
enable the te lecommunicat ions admin
istrations to become completely self-
sufficient in respect of the installation 
and maintenance of AXE 10 exchanges 
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ERICARE 

Anders Lennstrdm and Curt Sundmalm 

LM Ericsson Telematerial AB have developed a telephone system, ERICARE, 
which provides old-age pensioners and handicapped people who live alone with 
the means of calling for help in various situations. The system registers alarms 
from the subscribers, automatically sets up telephone connections to an alarm 
centre and transmits alarm and identity messages. The system also permits 
speech communication with the person who has reguested help, without the 
caller having to lift the handset. A message is given via a loudspeaker, and the 
speech of the person in distress is transmitted by microphones in the flat or 
house. Alarms can be originated in different ways, for example from small, 
portable radio signal transmitters. Transmitters and receivers for this type of 
alarm have been developed by SRA Communications AB. a subsidiary company 
of LM Ericsson. In this article the eguipment in the subscriber's home and at the 
alarm centre are described, followed by a description of the course of an alarm 
call and, finally, technical information. 

UDC 621 395.721: 
654.938 

Many old-age pensioners and handicap
ped people have to live alone, without 
access to nearby aid. ERICARE has 
been developed for this steadily increas
ing category of people. Technical aids 
can never replace personal care, but 
they can help to make life safer for the 
elderly and the handicapped people 
who have to live alone. ERICARE en-
ablesthe lonely person to send an alarm 
in an emergency and then speak to 
somebody who can arrange help. 

The basic equipment in the suscriber's 
home is easy to install. It can be put in 
and tested by non-specialists and is 
easy to move. The system can have a few 
or several hundred pensioners and 
handicapped people connected to one 
and the same alarm centre. Public in

stitutions, such as old people's homes, 
nursing homes, health centres and fire 
stations, can be used as alarm centres. 

The main function of the system is to 
sence an alarm from a subscribers 
home, automatically set up a telephone 
connection to the alarm centre and 
transmit alarm and identity information. 
When an alarm has been received, the 
staff on duty at the alarm centre can 
speak to the person via a units placed in 
the subscriber's home which contains a 
microphone and a loudspeaker. 

Home equipment 
The basic equipment in the subscriber's 
home consists of a telephone base unit 
and a box with electronic equipment. 
The base unit contains a microphone, a 
loudspeaker and an amplifier for loud-
speaking calls. A large alarm button is 
mounted on a panel on the base unit 
Extra alarm buttons can be wall-
mounted to give added opportunities 
for initiating alarms. Extra units with mi
crophone and loudspeaker can be in
stalled in other rooms in the subscrib
er's home in order to make speech 
communication possible in all rooms. 

A portable alarm button with a radio sig
nal transmitter has several advantages 
over fixed buttons. In the case of an ac-
cident-a fall in the bathroom-a touch 
on the portable button will give an im
mediate alarm. There is no need to crawl 

Fig. 1 
Loudspeaking calls provide information and aid 
the decisionmaking, and thus reduce the number 
of emergency visits to the old-age pensioners 
and handicapped people. 
The person on duty at the alarm centre learns 
what has happened, can advise and reassure the 
pensioner and arrange help when necessary. 
It is not possible to set up a loudspeaking call 
from the alarm centre for listening-in on the 
pensioner. It is only when an alarm has been sent 
that the loudspeaking two-way speech circuit is 
opened 
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overto a wall button, which would often 
be impossible, for example if the person 
had a fractured thigh. The portable al
arm button is available as a bracelet or 
as a medallion on a band round the 
neck. 

The range of the radio signal transmitter 
is sufficient to penetrate reinforced 
walls and reach the receiver even in a 
large house, and it is the best and safest 
method for a pensioner etc. to send an 
active alarm. 

A person cannot set off an active alarm if 
he or she is unconscious or cannot 
reach the alarm button. For this reason 
supplementary equipment for passive 
alarm is often also installed. This type of 
alarm is released when a normal activity 
is not repeated within a certain time 
ERICARE has an electronic clock which 
measures the time, for example from the 
last time the toilet was used. After, for 
example, 12 hours a passive alarm is 
sent to the alarm centre 

Alarm centre equipment 
In the telephone exchange a group 
number for three or more lines is re
served for the alarm centre and used 
only for alarm calls The person on duty 
can switch between incoming alarms 
and deal with them according to urgen
cy. A separate telephone line at the a-
larm centre is used for outgoing calls. 
The staff on duty can use this line to call 
an ambulance, a doctor, a caretaker 
etc., or make ordinary calls to the pen
sioners 

The central equipment is mounted in a 
wall rack and consists of the standard 
printed board assemblies used in tele
phone attendance system AVE 100 

The control equipment at the alarm cen
tre consists of a telephone base with two 
units The lower one has buttons for 
connecting up 3-6 alarm lines The up
per unit has six control buttons and a 
digit indicator. One of the buttons is 
used to change the speech direction in 
the home equipment. The button is de
pressed for speech and released for lis
tening In the home equipment there is 
corresponding switching between mi
crophone and loudspeaker 

The telephone set at the alarm centre 
can be a standard set. e.g. DIALOG or 
DIAVOX. However, it is more convenient 
if the switching of speech direction can 
be done with a key in the handset in
stead of a panel button If the telephone 
set has a carbon microphone, changing 
it to a dynamic microphone with ampli
fier will give better sound quality in the 
loudspeaker in the home equipment 

Theoretically. 10.000 alarm sources can 
be identified with a four-digit indicator. 
A recorder can be connected to the cen
tral equipment to record the time and 
identity of incoming alarms. 

The alarm centre does not have to be 
manned It can be equipped with an 
ERICALL radio transmitter which, when 
an alarm comes in. automatically pages 
the person in charge, who is thereby 
called to the alarm centre 

Fig. 2 
The telephone base unit has a large red button 
for alarms. A second button gives easy, single-
handed calling of an optional telephone number, 
usually to a close relative. 
The button at the far left cancels an initiated 
alarm call 

Fig. 3 
The portable alarm button gives a wireless alarm 
signal to a radio receiver built into the telephone 
base unit. The receiver then automatically initi
ates a call to the alarm centre. 
The portable alarm button is worn as a bracelet or 
as a medallion on a band round the neck. 
The radio signal transmitter is equipped with 
automatic battery checking. When a change of 
battery is due. a special signal is sent to the 
receiver in connection with an alarm or test 
signal. The green diode lamp in the telephone 
base unit starts to flash. Moreover the digit 
indicator in the alarm centre displays the letter C. 
which indicates that the battery should be 
changed 



Fig.4 
The block diagram for ERICARE 

Alarm procedure 
When an alarm is initiated the telephone 
exchange is called automatically, and 
the alarm centre number is transmitted. 
Forabout 10seconds the pensioner will 
hear, via the loudspeaker, the signals 
and tones that are sent out during the 
calling process. During this time the call 
can be cancelled by depressing the but
ton marked Reset. 

If the alarm centre lines are engaged, or 
if the exchange is congested or con
nects up to a wrong number, this call 
attempt is abandoned and the call is au
tomatically repeated until the alarm 
centre is reached. If the alarm centre 
does not answer within about 90 sec
onds the call is disconnected and a new 
call is again automatically repeated un
til the alarm centre answers. The person 
in duty there answers the call by lifting 
the handset and depressing the line but
ton whose call lamp is flashing. A tone 
code is sent to the home equipment and 
releases tone transmission of alarm type 
and identity number. 

The alarm code and identity are dis
played on the digit indicator used by the 
person on duty. He can request new 
transmission of the information, by de
pressing the button New code, if it is not 
shown or is shown distorted. 

The person on duty can carry out a con
versation with the pensioner by means 
of the key on the handset or the button 
Speech control. If he finds it difficult to 

hear or to make himself heard, he can 
connect in extra amplification in both 
speech directions by depressing the 
button Sound amplification. 

The digit indicator shows the letter Afor 
an active alarm and B for a passive al
arm The letter C is shown for alarms or 
alarm tests from the portable alarm but
ton if the battery needs changing. 

The person on duty carries out the ap
propriate action on the basis of the in
formation received during the call. The 
call is then disconnected by depressing 
the button Reset and replacing the 
handset. 

Technical description 
CMOS circuits have been used to obtain 
high reliability, low power consumption 
and small volume. Standard circuits 
have been used forsupplementaryfunc-
tions, such as tone encoding and de
coding and also number sending. The 
electronic circuits in ERICARE, fig. 4, 
are used for the following functions: 

In the subscriber's home: 
-registering an alarm situation 
-automatically calling when an alarm is 

given 
-sending predetermined telephone 

numbers 
-receiving control signals from the al

arm centre 
-sending an identity number 
-loudspeaking communication, sim

plex. 
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Fig. 7 
Four figures show the identity of the person 
sending the alarm. The letters A - F give the type 
of alarm 

Fig. 5, left 
The digit indicator in the telephone base unit at 
the alarm centre shows the identity of the pen
sioner and whether the alarm is active or passive. 
The person on duty has a file with notes on the 
person, his or her name, telephone number, 
doctor, medicine requirements, nearest neigh
bour, caretaker, relative etc. 
An important facility in this system for caring for 
people is that the person on duty can easily 
switch over from one alarm line to antoher, and 
thus for example park a conversation alarm" in 
order to attend to a real alarm 

Fig. 6, right 
A recorder can be connected to the alarm centre 
to record the time of each incoming alarm and the 
identity of the caller 

In the alarm centre: 
- rece iv ing and registering the identity 

number of the home equipment 
- send ing control signals to the home 

equipment. 

Active alarms are initiated from fixed al
arm buttons or radio signal transmitters. 
The receiver, ERICALL CONTACTOR, 
for the wireless alarm is placed in the 
telephone base unit in the home equip
ment. The receiver and radio signal 
transmitter have both been developed 
by SRA Communicat ions AB. The trans
mitter contains a special circuit for sig
nal encoding. 

A special signal is sent in connect ion 
with alarms or alarm tests when the bat
tery needs changing. This signal is for
warded to the alarm centre where it 
gives the alarm code C on the digit in
dicator. Thus the transmitter itself indi
cates when it is t ime to change the bat
tery, and it is not necessary to check the 
battery manually. 

Alarms can also be initiated by special 
time supervision equipment; passive 
alarms. 

C. Active alarm, init iated f rom a trans
mitter with a low battery voltage 

D. Alarms from other objects, fire alarm 
E. or burglar alarm 
F. Fault alarm, caused by a break in an 

external alarm loop. 

When an alarm is registered, a relay dis
connects the telephone line f rom the 
telephone set in the subscriber 's home 
and connects the line to the amplif ier 
circuits in the home equipment. A loop 
call is made to the exchange and the 
diall ing tone is detected by a tone re
ceiver. If the tone is accepted, the num
ber senderstarts sending the alarm cen
tre number. The number is obtained 
from a progammable memory with a ca
pacity of 8x32 bits. The memory also 
contains the telephone number of a rel
ative and the identity number of the 
equipment within the system. 

Supervision is carried out dur ing and 
after the number sending, and a new call 
is made if the home equipment receives 
the busy tone or the call is not answered 
within a reasonable time, f ig. 8. The su
pervision funct ion is blocked dur ing 
calls to the relative. 

The type of alarm is registered in the The transmission of control signals to 
the home equipment, and of alarm type 
and identity number to the alarm centre, 
is carried out using DTMF signal l ing 
overtheestabl ished telephone circuit. A 
filter and detection circuits, each in a 
standard package, are used for the 

home equipment, and is transmitted 
and indicated by a letter on the digit 
indicator at the alarm centre: 
A. active alarm, initiated from an alarm 

button or a portable transmitter 
B. Passive alarm 



Technical data 
Home equipment 
Mains voltage 
Maximum power consump
tion 
- id le 
-during an alarm 
Maximum output power for 
the loudspeaker 
Microphone sensitivity 

Maximum line level 
-wi th speech transmission 
-wi th signalling 

Vac. 

W 
W 

W 
dBrel. 
1V/Pa 

dBm 
dBm 

220 

5 
10 

1.5 
-45 

0 
-10 

Maximum line attenuation, 
home equipment 
-alarm centre dB 30 
Line matching ohm/nF 600/15 
Return loss dB >9 
Impulsing pulses/ 

second 10 
Temperature limits °C Oand + 55 
Air humidity limits % 40and90 

Alarm centre 
Voltage Vd.c. 24 
Power consumption 
- idle W 2.5 
-during an alarm W 20 
Signal level during 
transmission dBm -10 
Line matching 
-minimum during recieving kohms 10 
-during transmission ohm/nF 600/15 
Return loss dB >9 
Temperature limits °C Oand + 55 
Air humidity limits % 40and90 

Radio signal transmitter 
Frequency MHz 26.855 
Output power mW >1 
Digital code bits 12 
Weight with battery 
and bracelet, approx 
Battery lite, approx. 
corresponding to alarms. 
approx. 
in the button is kept 
depressed 

9 
years 

times 

sec./ 
alarm 

40 
3 

1,400 

10 

DTMF signalling The filter is of the 
switched capacitor type. 

When the call is answered at the alarm 
centre an acknowledgement signal is 
sent to the home equipment, which then 
initiates the sending of identity number 
and alarm type. This information is reg
istered in the alarm centre and is dis
played on the digit indicator Signals 
can then be sent from the alarm centre 
for controlling the speech direction, for 
increasing the amplification in the home 
equipment in both speech directions 
and for requesting repetition of the 
identity number 

Time supervision of the speech control 
is arranged in order to prevent the sig
nalling being blocked if the sound level 
in the subscriber's home is too high as 
can be the case if, for example, a radio 
or TV set placed near the microphone is 
switched on. When the speech direction 
is set for listening, the sound from the 
radio or TV will go out on the telephone 
line at a level of nearly 0 dBm. If the line 
attenuation is high, the received DTMF 
signal will be about 30 dB below the 
level of the disturbing signal. This can 
prevent the two-tone signal from being 
received. 

The time supervision automatically 
changes the speech direction and con
nects in the loudspeaker in the home 
equipment if the home equipment does 
not receive any speech control signal 
for about 20 seconds. The person on 
duty at the alarm centre hears when the 
speech direction is switched over, and 
can then take the opportunity of inform
ing the pensioner that the alarm has 
been received and what action is being 
taken etc. 

Fig. 8 
Sequence diagram for ERICARE 

When the call is completed, a discon
nection signal is sent from the alarm 
centre to the home equipment. The dis
connection is also supervised. If there is 
no signalling for about 5 minutes, the 
home equipment is automatically dis
connected. 
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Digital local exchanges AXE 10 

Kjell Persson and Siwert Sundstrom 

The AXE 10 system has been described in several earlier articles in Ericsson 
Review. Recently a general survey of the system' and a description of its use as a 
transit exchange5 have been published. 
The present article deals with the use of AXE 10 for local exchanges, with special 
emphasis on the digital subscriber stage. 

UDC 621.395 

Fig. 1 
The interior of an AXE 10 exchange 

Since the introduction of AXE 10 on the 
market the system has been suc
cessively supplemented with new and 
variant subsystems. A four-wire digital 
group selector was offered at an early 
stage as an alternative to the two-wire 
analog group selector. In networks 
based increasingly on digital circuits, 
great advantages can be realized by 
using a digital group selector3. The 
changeover to the digital group selector 
therefore took place very quickly and 
sales of exchanges with digital group 
selectors are now predominant. 

As an alternative to the analog subscrib
er stage a digital subscriber stage is now 
also available. The digital subscriber 
stage can be placed in the exchange, as 

a remote unit or as a replacement for 
minor exchanges. A remote unit can be 
converted to an autonomous exchange 
with limited alteration of the installed 
hardware. 

For local networks AXE 10 can be used 
exclusively asa local exchange, but also 
as a tandem or a combined local and 
tandem exchange. The tandems have 
largely the same set of functions as the 
local exchanges but have no subscriber 
switching or charging subsystems. 

The fact that the same system can be 
used for all applications has advan
tages, for example for operation and 
maintenance, such as uniform docu
mentation, uniform operational rou
tines, joint training, possibility of cen
tralized operation, etc. This is also valid 
for telex exchanges, AXB 20, and data 
networks, AXB 30, which are members 
of the same system family. 

The modular structure of AXE 10 —with 
its building blocks: system, subsystems, 
function blocks and function units-
guarantees a possibility of further de
velopment and good characteristics 
during the system's entire life span. 

System characteristics 
A summary will now be given of the 
functions of the subsystems that are 
characteristic of an AXE 10 local ex
change. 

Digital group selector 
The digital group selector23 is loss-free 
and has several other advantages. Since 
it has four-wire through-connection the 
transition to two-wire is made further 
down in the local network. Four-wire 
transmission advantages permit com
bined exchanges and favour extended 
exploitation of high-usage routes. 

The analysis and traffic routing func
tions of the system are very flexible and 
meet all requirements as regards num
ber of routes, sizes of routes, etc. The 
routes can be extended as the need 
arises and the circuits in a route can be 
positioned freely in the multiple. The 
constructional elements are the same 
regardless of the size of the group selec
tor, and extensions are easily made in 
steps of 512 multiple positions. 
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Subscriber stage 
AXE 10 can be equipped with both ana
log and digital subscriber stages. Ex
changes which have been built with 
analog subscriber stages from the out
set can be extended with digital sub
scriber stages. 

Remote placing of digital subscriber 
stages implies that the digital interface 
is moved closer to the subscriber. This 
permits savings in the primary network, 
at the same time as the overall transmis
sion characteristics can be improved. 

Remote placing in a container is in some 
cases advantageous for quick and relia
ble installation, fig. 2. 

Traffic equalization over a 2048-line 
group 
The digital subscriber stage is designed 
to provide traffic equalization over an 
entire 2048-line group. This makes it in
sensitive to asymmetrical loading, so 
that no consideration need be paid to 
placing of high-trafficsubscribers in the 
multiple. Only the number of speech 
channels to the group selector needs to 

be decided according to the traffic for 
the 2048-line group. 

Internal traffic in the event of link 
failure 
The connection with a remote unit nor
mally consists of at least two digital line 
systems. For reliability reasons these 
should be divided between two cables 
run on different routes. In the event of a 
total link failure affecting the remote 
digital subscriber stage, its function is 
automatically changed so as to permit 
internal traffic between the unit's sub
scribers (stand alone function). The 
function also allows connection of calls 
to alarm numbers-fire brigade, police, 
ambulance, etc.-via standby paths in 
the subscriber multiple. 

Number group function 
AXE 10 allows a number group function 
facility for the entire exchange area in
cluding remote digital subscriber 
stages. The number group function sim
plifies the procedure in conjunction 
with subscriber movements. If there are 
subscriber lines connected to the multi
ple, no work in the main distribution 

Fig. 2 
Digital subscriber stage placed in a container for 
remote location 

E 



Fig. 3 
Comparisons between the function of the 
analog and the digital subscriber stages 

Analog functions 
Digital functions 
Analog line circuit 
Analog digital line circuit 
Digital line circuit 
Analog subscriber stage 
Time Switch in digital subscriber stage 
Cord circuit for A- and B-subscriber 
functions 
Analog/digital converter for 32 channels 
Link to group selector 
Digital group selector 
Incoming and outgoing analog trunk 
circuits 
Terminal for first order PCM system ETC 

frame is necessary. The number group 
funct ion also means that a free mult iple 
posit ion can immediately be used for a 
new subscriber number. The number re
serve thus consists mostly of storage 
space instead of mult iple posit ions. 

checking of predetermined bit patterns. 
For this part of the subscriber line net
work, maintenance characteristics are 
in this way attained which are compara
ble to those for digital t runk circuits. 

Digital subscriber lines 
Thedig i ta l subscriber stage in AXE 10 is 
so designed that it also permits the con
nection of digital subscriber lines. Labo
ratory experiments are being made with 
the special line circuits and terminal 
equipments needed for this purpose. 
The experiments are based on the work 
at present being done by the CCITT. The 
intention is to allow for connect ion of 
digital as well as analog subscriber lines 
to the digital subscriber stage. 

Operation and maintenance 
AXE 10 covers all appl icat ions in the 
telephone network, such as local ex
changes, combined exchanges, tan
dem, transit and mobi le telephone ex
changes. Coordinated operation and 
maintenance is thus possible for the en
tire network. This may cover training, 
documentat ion, spare parts and soft
ware management and, with centralized 
operat ion, also the current operation 
and maintenance work. 

Fig. 4 
Simplified circuit diagram of line circuit, LIC 

Digital subscriber lines permit the con
nection of more quali f ied subscriber ter
minals which a l lowtransmission of text, 
pictures, data or alarm. Digital subscrib
er lines can also be supervised in the 
idle state by regular transmission and 

Centralization of operat ion and mainte
nance can be effected with system AOM 
1014, which offers eff icient supervision 
of equipments in the network from sev
eral specialized work centres. It allows 
connect ion of different exchange sys
tems, e.g. AXE 10, ARF, ARM, ARE and 
ARK. Maintenance outlets of transmis
sion equipments, power plants, etc., 
may be connected to AOM 101 as well. 

The man-machine funct ions in AXE 10 
are designed in accordance with CCITT 
recommendat ions. 

Functions 
The digital Group Switching Sub
system, GSS, the Common Channel Sig
nalling Subsystem, CCS, The Operator 
Position Subsystem, OPS, and the 
Mobile Telephone Subsystem, MTS, 
have been described in earlier arti
c les ' 2 3 5 . The digital subscriber stage 
and the funct ions in the swi tch ing and 



F i g . 5 

S i m p l i f i e d d i a g r a m o f t i m e s w i t c h , T S 

Speech data 
Ex terna l c o n t r o l data 
Internal con t ro l data 

DEVSB Device Speech Bus to w h i c h l ine cir
cu i t s , LIC, Key t one rece ivers . KRD, a n d 
l i nks , JTC, to the g r o u p se lec tor are 
c o n n e c t e d 

TSB T ime S w i t c h Bus used tor equa l i za t ion 
of t ra f f ic be tween the 128-l ine g r o u p s 

DEVCB Device C o n t r o l B u s c o n n e c t i n g the de
v ice p r o c e s s o r of the t ime s w i t c h to the 
reg iona l p r o c e s s o r s , EMRP 

A c o n n e c t i o n f r o m a LIC to a l ink to the g r o u p 
se lector in the s a m e 128- l ine g r o u p runs f r o m L I C -
D E V S B - S p e e c h s t o r e - D E V S B - JTC. and the reverse 
in the other speech d i r e c t i o n . 

When there is no f ree l ink to the g r o u p se lector in the 
o r i g ina t i ng 128- l ine g r o u p the c o n n e c t i o n is passed 
via TSB to JTC in ano ther 128-l ine g r o u p as f o l l o w s : 
L I C - D E V S B - s p e e c h s t o r e - T S B speech s t o r e -
D E V S B - J T C . and the reverse in the o ther speech 
d i rec t i on . 

I ncoming speech samp les f r o m DEVSB to TSB are 
wr i t ten success i ve l y in to the speech s to re under 
con t ro l of the t ime s lot coun te r . On read-out to 
DEVSB and TSB the t ime s lo t coun te r ident i f ies the 
relevant p o s i t i o n in the con t ro l s to re whe re the 
address of the re levant p o s i t i o n in the speech s to re 
is s to red . 

On the set -up of every c o n n e c t i o n , data are c h a n g e d 
in the con t ro l s to re by the dev ice p rocesso r , w h i c h is 
con t ro l l ed by the cen t ra l p r o c e s s o r 

F i g . 6 

T h e w a y in w h i c h t r a f f i c e q u a l i z a t i o n t a k e s 

p l a c e p e r 2 0 4 8 - l i n e g r o u p in t h e d i g i t a l s u b 

s c r i b e r s t a g e of A X E 1 0 

TSB T ime s w i t c h bus w i t h 512 t ime s lo t s 
JTC Link to the g r o u p se lec tor for 32 speech 

channe l s 
TS T ime s w i t c h w i t h one speech samp le 

s to re per 768 p o s i t i o n s 
LIC L ine c i rcu i t 
LSM Line s w i t c h m o d u l e for 128 l ines 

Each l ine s w i t c h m o d u l e LSM can , v ia the t ime 
sw i t ch . TS. e i ther be c o n n e c t e d to the g r o u p se lector 
GSS over its o w n PCM sys tem l ink JTC w i t h 32 
speech c h a n n e l s or ut i l ize one of the 512 t ime s lo ts 
in the t ime s w i t c h bus TSB for access to a free 
speech channe l in JTC in ano ther l ine modu le . 

As all l ine c i r cu i t s have access to all speech 
channe l s to the g r o u p se lec tor , the se lec tor has fu l l 
ava i lab i l i ty and is t hus i nsens i t i ve to asymmet r i ca l 
l oad ing . 

control systems that are unique to local 
exchanges are described in the fol low
ing part. Furthermore the control sys
tem will be described in more detail in a 
later article. 

DIGITAL SUBSCRIBER STAGE 
The digital subscriber stage shall have 
the same funct ions as an analog sub
scriber stage: current feed, r inging and 
digit reception in addit ion to the con
centration funct ion, f ig. 3. 

In the digital subscriber stage the con
centration takes place in a digital 
switch, TS. The analog/digital con-

version is done before access to the 
switch. Thus all " co rd c i r cu i t func t ions" 
must be performed in the line circuit as 
they require DC-connect ion with the 
analog subscriber line. This solut ion 
permits use to be made of developments 
in component technique and at the 
same time consti tutes a natural step to
wards the int roduct ion of digital sub
scriber lines. 

Functions of the subscriber stage 
The digital subscriber stage has a line 
circuit for each connected subscriber 
line. In the line circuit the speech is con
verted between analog and digital form. 
Fig. 4 shows the various parts of the line 
circuit and their funct ions. 

Modern components in advanced tech
nique have been used in the line circuit . 
As intense development of semiconduc
tor circuits for transmission purposes is 
under way, great attent ion has been 
paid to defining the line circuit inter
faces so as to have f lexibi l i ty for future 
changes to even more sophist icated cir
cuits. 

A subscriber stage for 2048 subscribers 
consists of 16 line modules, LSM, for 
128 subscribers each. The t ime switch 
for each line module has a speech store 
with 768 posit ions, of wh ich 128 are 
used for the subscriber lines, 512 for 
connect ion to a bus l inking together all 
line modules, 32 for connect ion of a 
PCM link, eight for tone receivers, and 
four for test purposes. The pr inciple of 
the switch is shown in f ig. 5. 

The traffic f rom a line module can pass 
via its own speech channels to the 
group selector or use one of the 512 
speech t ime slots in the t ime switch bus 
and thus reach a free speech channel to 
the group selector in one of the other 15 
line modules, f ig . 6. This means that all 



Fig. 7 
Control structure for the line module LSM 

LIC 
TS 
JTC 
KRD 
GSS 
DEVP 
EMRP 

Analog part 
Digital part 
Control part 
Line circuit 
Time Switch 
Link to group selector 
Key tone receiver 
Digital group selector 
Device processor 
Regional processor 

Fig. 8 
Principle 

LIC 
TESTB 
DEVSB 
DEVCB 
KRD 
JTC 
LCT 
TS 
EMRP 
TSB 
EMRPB 

of the line module LSM 

Control path 
Speech path 
Test path 
Line circuit 
Test Bus 
Device Speech Bus 
Device Control Bus 
Key tone receiver 
Link to group selector 
Line and Line Circuit Tester 
Time Switch 
Regional processor 
Time Switch Bus 
Regional processor bus 

line modules need not have their own 
speech channels to the group selector. 
The group of altogether 16 line modules 
can be equipped with the number of 
speech channels required by the total 
traffic. 

Control 
The control functions in the subscriber 
stage are highly decentralized. The line 
circuit boards, time switch board, key 
tone receiver board and the board for 
speech channels to the group selector 
are all provided with microprocessors, 
DEVP, with permanently stored pro
grams, fig. 7. These microprocessors in 
a line module for 128 subscribers are in 
turn controlled by a regional processor, 
EMRP, also of microprocessor type. The 
same high level language, PLEX, is used 
for its programming as for the central 
processor software. 

Structure of the line module 
Each line module, LSM, fig. 8, contains 
128 line circuits, time switch, key tone 
receiver, printed circuit board assembly 
for speech channels to the group selec
tor, and equipment for testing of sub
scriber lines and line circuits. Each line 
module also contains a regional pro
cessor, EMRP. The various units in the 
line module are interconnected over 
three bus systems, one for speech, 
DEVSB, one for control, DEVCB, and 
one for tests, TESTB. 

Connection 
The digital subscriber stage can be con
nected direct to the group selector or as 
a remote unit. In the former case the 
regional processor, EMRP, of the sub
scriber stage is connected via a bus con
verter, RPBC, to the regional processor 
bus, RPB, of the central processor, fig. 
9, top At the bottom of the same figure 
is shown the connection of a remote 
subscriber stage to the parent ex
change. The connection is made over 
the number of 2.048 Mbit/s PCM sys
tems necessary for the traffic. 

Control of the remote and of the ex
change-located stage is effected on the 
same principles. The central and region
al parts of the switching programs are 
therefore independent of the placing of 
the subscriber stage. 

Time slot 16 in two of the PCM systems 
is used for signalling to and from the 
regional processors in the remote sub
scriber stage. Signal terminals, ST-C 
and ST-R, at each end of the signalling 
links reshape the signal messages to the 
stipulated signal format. In respect of 
procedures and reliability arrange
ments a signalling system is used which 
is based on signalling system no. 7 re
commended by CCITT. 

Synchronization 
In the digital network, group selector 
and digital line systems work in syn
chronism. The digital subscriber stage 
must work in synchronism as well It re-



Fig. 10 
Function block LI for connection of subscriber 
lines 
^ ^ ^ ^ " Speech path 

Signal paths within the (unction block 
• * - * • — Signal paths to other (unction blocks 
LIC Line circuit 
LIR Subscriber line Interface, regional software 
LIU Subscriber line Interface, central software 

Fig. 9, down 
Block diagram of AXE 10 local exchange with 
exchange-located and remote digital sub
scriber stage 

Common equipment for exchange-located and re
mote digital subscriber stage 
LIC Line circuit 
KRD Key tone receiver 
TS Time switch 
EMRP Regional processor 

Specific equipment for remote digital subscriber 
stage 
ETC, ETB Exchange terminals, near and far end 
ST-C, ST-R Signal terminals 

Specitic equipment (or exchange-located digital sub
scriber stage 
JTC Link to group selector 
RPBC Bus converter 

ceives its synchronizing information 
from the digital group selector. All 128-
line groups have an oscil lator for syn
chronizat ion. Two of these groups re
ceive synchronizing information f rom 
the group selector and control the other 
groups over the time switch bus. 

Function block structure 
The funct ion blocks in the digital sub
scriber stage are shown in Technical 
Box 3 at the end of the article. Fig. 10 
shows the funct ion block for connec
t ion of subscriber lines, LI. It comprises 
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both hardware and central and regional 

software. 

The hardware consists of line circuit 
boards with a microprocessor for con
trol. The permanently stored programs 
in this processor exchange software 
signals with the regional software in 
EMRP. 

Interworking between funct ion blocks 
normally takes place only in the central 
processor by the exchange of program 
signals. Regional interworking occurs, 
however, in the except ional case when 
internal traffic is connected direct in a 
remote subscriber stage because of link 
failure. 

Components 
Modern component techn ique has been 
introduced for the funct ions in the line 
circuit. Standard LSI circuits are used 
for 
- s to res in processors and t ime swi tch

es 
-mic roprocessors 
- s i ng le channel codec and filter. 

custom design circuits are used for 
- te rmina ls for digital line systems 
- b u s connect ion circuits. 

With their built- in control funct ions the 
line modules are well suited for auto
matic testing. They are completely test
ed in the factory and require a very short 
installation t ime. 

The digital subscriber stage occupies 
about half as much space as the analog. 

SUBSCRIBER FACILITIES 
AXE 10 offers a wide range of opt ional 
subscriber facil i t ies, as appears f rom 
Technical Box 2 at the next side. Most 
facil i t ies are l imited to the home ex
change, but means exist for introduc
t ion of overall network facil i tes also. 
Digital subscriber lines wil l make addi
tional facil i t ies possible. 

OPERATION AND MAINTENANCE 
The operat ion and maintenance func
tions are described in a previous article 
in Ericsson Review6. This presentat ion 
wil l be l imited to the addi t ions and al
terations in the operat ion and mainte
nance conf igurat ion necessitated by the 
digital subscriber stage. The main dif-



Technical Box 1 
CAPACITY 

Subscribers per line module, max. 128 
Line modules per subscriber stage, max. 16 
Speech channels per link or digital line 
section to the group selector 32(31) 
Links or digital line sections to the 
group selector per subscriber stage 16 
Traftic in erlangs per subscriber when 
installed to full capacity, max. 0.21 

T e c h n i c a l B o x 2 
SUBSCRIBER FACILITIES 
The subscribers in AXE 10 can be allotted a 
number of special facilities, the procedures for 
the use of which are as recommended by CEPT 
and CCITT. 

Subscriber facilities within an exhange: 
- Pushbutton dialling 
- Abbreviated dialling 
- Hot line 
- Registered call 
- Do not disturb 
- Call waiting 
- Enquiry 
- Conference call 
- Subscriber-controlled restriction of calls on 

certain routes 
- Automatic alarm-call service 

Facilities with overall network function: 
- Tracing of malicious calls 
- Registered call 
- Call transfer 
- Priority 

ference is that the normal "co rd circuit 
funct ions" have been placed in the line 
circuit. This has the fo l lowing con
sequences: 
- c o n n e c t i o n to a subscriber line for 

tests is done in the line circuit 
- t h e increased numbero f funct ions per 

line circuit calls for regular funct ion 
tests 

-ex t raneous voltage on a subscriber 
line does not affect equipment com
mon to several subscribers. No special 
indicat ion of extraneous voltage is 
therefore needed in conjunct ion with 
the setting up of a call. 

Each line circuit has a test relay for split
t ing of the line and connect ion of test 
equipment to the line side and the ex
change side. One line and circuit test 
equipment exists per line module of 128 
subscriber lines. With this equipment a 
simple subscriber line test can be made 
in conjunct ion with clearing or as part of 
a routine on lines that are used spo
radically. Line circuit tests can be made, 
furthermore, on suspicion of fault, e.g. 
on line lock-out or absence of answer. 
The line circuit test covers all analog 
funct ions in the line circuit. PCM codec 
and hybrid units are also tested on a 
routine basis by transmission of test pat
terns over the speech path. The line and 
circuit test equipment can also be used 
for control l ing test connect ions over a 
given line circuit. Portable I/O devices 
for maintenance work on site are con

nected to the EMRP-bus. 

Measurement on subscriber lines must 
be possible also for remote units and 
can be done with the line and circuit test 
equipment. For more extensive mea
surements separate measuring equip
ment is used which is control led from 
the parent exchange. 

Common equipment in the 128-line 
group, t ime switches, c lock circuits and 
speech buses are supervised by means 
of parity checks and similar methods. 

Traffic measurements can be made in 
each direct ion for every remote unit and 
every 2048-line group in the exchange 

SIGNALLING 
Signall ing f rom subscriber to exchange 
is done on analog circuits in the con
ventional way by loop signal l ing or key 
tone signal l ing. Small PABXs can be 
connected over subscriber lines with 
the same simple signal l ing. Large 
PABXs can be connected over lines with 
more complex signal l ing. The lines can 
in such cases be connected directly to 
the group selector and the signalling 
can then include also in-diall ing to the 
PABX. 

The new facil i t ies that will be possible 
with digital subscriber lines require 
more advanced signal l ing between ex
change and subscriber terminal. Provi
sion has been made in the digital sub-

Fig. 11 
Laboratory testing of the digital subscriber stage 
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Fig. 12 
Functional testing of the digital subscriber stage 

scriber stage of AXE 10 for this extended 
signalling facility. The signalling rela
tions which now exist as far as the line 
circuit board in the subscriber stage 
can, with digital subscriber lines, be ex
tended right out to the subscriber termi
nal. 

Signalling between local AXE 10 ex
changes and other exchanges in the 
network has been dealt with in the re
ferred articles15. Adaptation is suc
cessively taking place to different na
tional signalling systems. In the digital 
part of the network CCITT system no. 7 
is standard, but function blocks for 
channel associated signalling are also 
available. 

CHARGING 
In AXE 10 charging can be done both by 
toll ticketing and pulse metering. Com
binations of the two methods are also 
possible. 

The charging system allows complete 
national charging as well as charging of 
international calls in local exchanges, 
which can thus become charging 
points. This has the advantage that 
metering pulses need not be transmit
ted between exchanges. Alternatively 
charging can be done in a superior ex
change by toll ticketing or transmission 
of metering pulses. Instead of transmit
ting the individual metering pulses an 

alternative is, when the signalling sche
me so permits, to transmit special tariff 
messages to the local exchange. 

The charging information is conveyed 
to the I/O devices of the system. Nor
mally it is stored on cassette or magnet
ic tape for later processing, but it may 
also be conveyed to a typewriter or via a 
data channel to charging centres. 

LOCAL NETWORKS 
Digital networks can be very efficiently 
utilized3. This applies also to the parts of 
the subscriber network where the digi-
talization is brought nearer the sub
scribers through remote digital sub
scriber stages. 

As AXE 10 also permits combined ex
changes and offers good routing facili
ties, the network structure can be simply 
improved in step with the introduction 
of digital equipment. The transmission 
conditions are then also improved, sig
nalling through the network is quicker 
and the total call set-up times are re
duced. 

Metropolitan networks 
Metropolitan networks may comprise 
several local AXE 10 exchanges of dif
ferent sizes. To achieve an efficient net
work structure the exchanges can have 
both exchange-located and remote digi
tal subscriber stages The exchanges 

Fig. 13 
Laboratory testing of circuit board assembly with 
microDrocessor 



Technical Box 3 
FUNCTION BLOCKS IN DIGITAL SUBSCRIBER 
STAGE 

The following function blocks are always in
cluded in the digital subscriber stage: 
LI Subscriber line functions 

- call detection 
- reception of digits 
- current feed 
- translation, multiple position-directory 

number 
- blocking 
- connection of lines for PBX number 
- special subscriber functions 

CJ Combined cord function 
- reception of digits from LI and KR 
- initiation of time slot seizure on PCM link 
- time-outs 
- initiation of seizure of TCS and digit 

transmission to TCS 
- clearing 

RT Terminal functions for remote subscriber 
stage 
- selection of PCM link 
- selection of time slot on PCM link 
- maintenance of PCM link 

TS Time switch functions 
- selection of time slot on time switch bus 
- setting up of connection 
- check of through-connection 
- supervision of connection 
- clearing 

CD Clock signal distribution functions 
- clock regulation 
- synchronization 

PX PBX number functions 
- selection of PBX route 
- selection of circuit in PBX route 
- administration of PBX route data 

KR Key tone reception 
The subscriber stage can also be equipped, if 
necessary, with the following function blocks: 
SE One or more standardized or market-adapt

ed function blocks for special subscriber 
line signalling, e.g. for public call boxes, 
subscribers' private meters and special 
PBX functions 

ATLFunction block for remote subscriber stage 
which, on total link failure, permits internal 
traffic within the stage and calls to alarm 
numbers. 

are linked together over direct routes or 
via tandem exchanges. Local and tan
dem exchanges can advantageously be 
combined and tandem exchanges can 
also be used for national transit traffic. 

In the peripheral areas of large cities 
both autonomous exchanges and re
mote subscriber stages can be placed. 
On growth of the network the remote 
units can be built out into autonomous 
exchanges which, after further growth, 
can have their own remote subscriber 
stages. 

Networks for medium-sized and small 
towns 
In medium-sized towns a network of a 
few exchanges without tandems is usu
ally sufficient. If the traffic warrants only 
small direct routes between the ex
changes, these can have the form of 
high usage routes and the overflow traf
fic can be passed via one of the other 
local exchanges. One of the local ex
changes can also be used for national 
transit traffic. 

Summary 
The AXE 10 system comprises all the 
functions and building blocks neces
sary to modernize and extend ex
changes in the analog telephone net
works by adding digital equipment. It 
permits both successive introduction of 
digital technique and more extensive 
conversion of entire zones. Since the 
digital subscriber stage occupies little 
space and can also be located as a re
mote unit, the introduction of AXE 10 
permits buildings in central city areas to 
be released for other purposes. The re
mote units can be optimally placed in 
the subscriber line network. 

The AXE 10 system was developed for 
the digitalization of telephone networks 
that is now in progress and is so de
signed that it can be further developed 
to cater for successively changing re
quirements. 
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Power Supply Equipment for Large 
Telecommunication Plants 

Kjell Rundqvist, Per-Uno Sandstrom and Roland Wald 

In 1978 LM Ericsson introduced a new generation of power supply equipment, 
the BZD 112 type, consisting of units for 100 A rated current, and intended for 
the medium-size range of telephone exchanges. 
This article presents the BZD 412 power supply system with units for 400 A rated 
current for large exchanges. The systems have many features in common, the 
same mechanical packaging structure is used and the same booster converter 
principle working with a high frequency (20 kHz). In this article the BZD 412 
system, the booster converters, the distribution system and the packaging 
structure are described in detail while the rectifier, which was dealt with in a 
previous article1, is mentioned briefly. 

UDC621 39:620 9 New electronic and stored program 
controlled (SPC) telecommunication 
systems were introduced in the late 
1960s and gained wide acceptance dur
ing the 1970s. Electronic technology 
made new and exacting demands on 
power supply equipment and this led to 
new system solutions in this field. An
other factor which prompted develop
ment was the availability of new power
ful components and the facilities of
fered by new power conversion tech
niques. To meet these new require
ments LM Ericsson developed a number 
of power supply systems with booster 
converters. These have been described 
in previous articles in this journal23. 

Variation in distribution 
voltage-a serious problem 
Uninterrupted power supply to telecom
munication equipment is usually 

provided by rectifiers powered from the 
mains and connected in parallel with 
lead-acid batteries. The voltage from 
the rectifiers is chosen to keep the bat
teries fully charged while the rectifiers 
are supplying current to the exchange. If 
the mains voltage should fail, the bat
teries take over without any interrup
tion. 

During a mains failure, when the bat
teries are under load, their voltage de
creases. For example in the case of 23 
battery cells there is a rapid reduction 
from 51 to 46 V and then a slower fall to 
about 40 V during the discharging 
period. To recharge the batteries rapidly 
after a mains failure, the voltage must be 
increased to around 54 V. Unless further 
precautions are taken, the telecom
munication equipment will have to be 
designed to function satisfactorily over 
a range of 54-40 V. 

Increasing the voltage from the bat
teries during the discharge phase cre
ates far more favourable conditions for 
the telecommunication equipment. 
There are several methods of achieving 
this, one of which is to overdimension 
the batteries; this is common in small 
exchanges. LM Ericsson has solved the 
problem by means of the booster con
verter system with a battery-powered 
d.c./d.c. converter in series with the bat
tery. This regulates its own output volt-

Fig. 1 
Type testing the power supply plant BZD 412 in 
the laboratory 
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Fig. 2 
The power supply system BZD 412 with high 
frequency booster converters 

Fig. 3 
The booster converter system for 48 V with 23 
battery cells. The cycle of events for a mains 
failure and subsequent recharging 

Battery 

age so that the sum of the battery volt
age and the converter voltage is con
stant dur ing the discharge stage. 

System Description 
The funct ion of BZD 412 can be best 
described by studying figs. 2 and 3. Fig. 
2 is a simpli f ied block diagram and f ig. 3 
shows the voltage variation through 
a cycle of normal ope ra t i on -ma ins 
f a i l u re - recha rg i ng -no rma l operat ion. 

During normal operation the battery 
voltage is kept at a specif ied level, 51 V 
± 0.5%, by the rectifiers which are 
powered from the mains. This voltage, 
corresponding to 2.22 V per cell, float-
charges the batteries, that is they re
ceive a small maintenance current 
which compensates for self-discharge. 

In this situation the booster converters 
funct ion as active fi lters and provide an 
addit ional 0.5 V d.c. br inging the sys
tem's output voltage UD to about 51.5 V. 
When a mains failure occurs, the battery 
takes over the task of supplying power 
and the voltage across it sinks. 
However, the booster converters' out
put voltage successively increases so 
that the total sum of the battery voltage 
and the booster converter voltage will 
be constant. 

When the mains voltage is restored, the 
rectifiers automatical ly take over the 
supply of power whi le at the same time 
they start to recharge the battery. The 
booster converters successively reduce 
their output voltage and revert to a pure
ly f i l ter ing funct ion when a normal volt
age level has been reached. Operational 
battery charging now starts to bring the 
battery quickly back to a fully-charged 
state. On an order f rom the automatic 
control , the rectif iers increase their out
put voltage to the operational charging 
level which is typically 2.35 V per cell 
and a total of 54 V. When the process 
has been completed, the order is dis
cont inued and the rectif iers return to 
the normal level. 

System characteristics 
Some dist inctive features are: 
- The system delivers a constant dis

t r ibut ion voltage both dur ing normal 
operating condi t ions and when there 
is a mains failure, when the battery 
voltage drops. Thus the telecom
municat ion equipment and the bat
teries can be designed in a rational 
way and safe operational condit ions 
obtained. 

- Transient voltage ratings and 
periodic noise voltages are l imited to 
very low values. This is achieved by a 
special t ransient- l imit ing distr ibution 



Fig. 4 
Two thyristor rectifiers BMT 343, one with front 
panels and one without 

Fig. 5 
Simplified circuit diagram for BMR 273 

CM1 
CM2 
FU 
T1-T4 
TR 
D1-D2 
BD 
r n 

Converter module 1 
Converter module 2 
Filter unit 
Transistor units 1-4 
Transformer 
Rectifier bridge 
Base drive circuits 
P.nntrol unit 
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for the BZD 412 system and by letting 
the booster converter function as an 
active filter4. 

- The booster converters work at a high 
frequency, 20 kHz, which gives ad
vantages in the form of small dimen
sions, silent operation and fast reg
ulation. 

- The system is completely automatic 
and suitable for unattended ex
changes In particular, a new auto
matic battery charging principle in
corporating digital logic3 is used. The 
system can also be upgraded with mi
crocomputer control and digital com
munication with a supervision centre 
monitoring several exchanges. 

- The new packaging structure is com
pact and installation, operation and 
maintenance are simple. The design 
provides a high degree of staff safety. 

- BZD 412 is extremely flexible, easy to 
extend and to use. 

- The system design gives a high de
gree of reliability. 

Thyristor rectifier 
The rectifier BMT 343 for 400 A and 48 V 
has been described in detail in a pre
vious article in Ericsson Review1. The 
rectifier is three-phase connected and 

has two transformers and a thyristor 
unit, twelve-phase coupled on the sec
ondary side. The output voltage and the 
output current are regulated by means 
of phase angle control. The voltage from 
the thyristor unit is filtered with an LCI-
filter. The rectifier has the following 
characteristics: 
- it can be used in all types of power 

supply systems 
- it is designed for use with bad mains, 

that is mains with major voltage and 
frequency variations, frequent mains 
failures or weak mains with high im
pedance such as local standby gener
ating sets 

- it has protective and control equip
ment suitable for completely auto
matic operation in unattended ex
changes 

- it can be connected in parallel with an 
unlimited number of rectifiers, elec
tronically controlled so as to divide 
the load equally 

- it has all live parts protected from in
advertent contact. 

Booster converter 
The BMR 273 booster converter is a d.c. 
convertersupplied with 48 V battery and 
with an output rating of 0-8 V and 400 A. 
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Fig. 6 
The transistor unit containing power transistors, 
base drive circuit and heat sink 

Fig. 7 
LM Ericsson's standard converter sys tem 

BR Rectifier which delivers current to the exchange and 
also charges the batteries 

C Booster converter which supplements the battery, for 
instance during a mains failure, and also functions 
as an active filter 

lBR Alternating current from the rectifiers which gener
ates noise voltage across the battery 

U"B Noise voltage across the battery 
U f Battery d.c. voltage 
Uc Alternating voltage which the converter generates to 

counteract UB 

UD Noise voltage which reaches the distribution 
(Uo«ur) 

Z- The impedance ol the system 

It adds its output voltage to the battery 
voltage and regulates the system output 
to the desired level, for instance when 
battery discharge occurs due to a mains 
failure. Because of good control charac
teristics the converter also funct ions as 
an active filter, suppressing low-fre
quency ripple voltages in the 0 - 6 0 0 Hz 
frequency range. 

The converter circuit 
Fig. 5 shows a simpli f ied circuit diagram 
of the converter. 

Two identical synchronously work ing 
converter modules, CM1 and CM2, are 
powered via an input filter L1 and C1. 
Each of the modules contains an inver
ter bridge equipped with transistors T1-
T4 and associated drive circuits, BD, a 
ferrite transformer, TR, and a rectifier 
bridge D1 and D2 with Schottky diodes. 
The inverter bridge supplies the trans
former with rectangular, width-modul
ated pulses of a frequency of 20 kHz. 
After step-down and rectifying, rec
tangular d.c. pulses of variable pulse-
width are obtained at each converter 
unit output. From the two converter 
modules the voltage pulses are suppl ied 
to the converter output filter, L2, L3 and 
C2, which suppresses the a.c. compo
nent. 

The inverter bridge in each converter 
unit is built up of high-speed, surge-cur
rent-resistant power transistors. Each 
transistor switch consists of two transis
tors connected in parallel. A special 
method of connect ing the transistors in 
parallel has been developed in which 
the load currents are equally balanced 
with extreme precision both dur ing the 
conduct ing t ime and dur ing the switch
ing sequence. 

The base drive circuits, BD, convert the 
control pu lsesf rom the control unit, CU, 

into carefully formed drive pulses in 
order to ensure good funct ional charac
teristics dur ing all possible operational 
situations. 

The transistors, their heat sinks and the 
base drive circuit are mounted in a com
pact unit, f ig. 6. Each inverter bridge 
contains four such units. 

The control pulses are automatically 
regulated so that symmetry is obtained 
both fo r the internal a.c. in each convert
er module and for the load between the 
two modules. 

The converter output circuit is rated for 
a cont inuous load of 150% of the nomi
nal output current. 

Control 
All the operat ional contro l and supervi
sion funct ions are built into the control 
unit. This means that each converter is 
an independently funct ion ing unit but 
can react to external signals. 

The control unit sends pulse-width 
modulated control signals with a repeti
t ion frequency of 20 kHz to the two con
verter modules. The control circuits reg
ulate the pulse width so that the result
ing distr ibut ion voltage (battery voltage 
+ converter voltage) is kept constant 
within the load range 0 - 4 0 0 A. A minor 
drop in the contro l characteristic of 
about 150 mV guarantees equal load 
distr ibut ion between a number of units 
work ing in parallel. The desired control 
level is set by means of a potentiometer 
on the front of one of the contro l boards. 

If there is a tendency fo r the load current 
to exceed the nominal value, the con
verter switches over to the constant cur
rent control mode. The output current is 
sensed by means of a shunt in the out
put circuit. 

Active filtering of the ripple voltage 
When rectifying mains voltage, a super
imposed a.c. component is obtained, 
whose frequencies are integral multi
ples of the mains frequency. The ampli
tude of this ripple voltage can amount to 
several hundred mV, depending on the 
load, the impedance in the battery cir
cuit, and on asymmetry in the three-pha
se supply network. The converter con
trol system is so fast that r innle vnltane 
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in the frequency range 0-600 Hz is sup
pressed to levels in the 1 mV range. 

Fig. 7 explains the filtering function in 
the converter system during normal op
erating conditions. Effective filtering re
quires the converter output voltage to 
be always at least 0.5 V. The converter 
generates an a.c. component Ug" 
superimposed on the d.c. component 
Ug= and in phase opposition to the 
ripple voltage Ug- across the battery. 
The resulting ripple voltage across the 
load Ufr is limited in this way to a low 
valueof theorderof 1 mV. The converter 
filter function permits the system's out
put impedance Z~ for frequencies with
in the 0-600 Hz band to be kept very 
low, some tenths of a milliohm. 

made by a wire strap on one of the con
trol unit boards. 

Remote sensing, special functions 
Sensing the distribution voltage nor
mally takes place internally in the con
verter. However, sensing can be made at 
any desired point in the distribution by 
connecting this point to the converter 
by an extra wire. In this case the convert
er will be compensated for the voltage 
drop in the distribution conductor and 
hold the voltage constant at the sensing 
point. 

As an alternative the converter control 
system can be connected to the system 
for master voltage control orfor master-
slave control. 

Fig. 8 
Units forming part of BMR 273. 
Two converter units and one filter unit. The 
control unit is located on three printed boards 

The filtering function makes it neces
sary for the converter always to be in 
active operation and to provide an out
put voltage of at least 0.5 V. For this 
purpose the control unit has a special 
regulator which interworks with the 
main converter regulator. Switching be
tween these regulators takes place 
smoothly without overshoot. 

If required, the filtering function can 
easily be disconnected, turning the con
verter into the passive operation mode 
in which the pulse width is brought 
down to zero when the distribution volt
age exceeds the preset control level. 
The converter secondary circuit then in
troduces a voltage drop of about 1 V. 
Selection of the operational mode is 

The loss of any of these external signals 
causes the converter to revert imme
diately to normal constant-voltage con
trol. 

Protective circuits 
The converter has the following protec
tive functions built into the control unit: 
- current limiting to the rated current, 

which prevents thermal overloading 
during operation 

- high-speed overcurrent protection, 
which blocks the converter when ma
jor surge currents occur, for instance 
when there is a short-circuit in the 
distribution. Restart takes place auto
matically 

- undervoltage monitor, which blocks 
the converter when the battery is dis
charged to a very low level. At the 
same time an alarm is given. The 
blocking is automatically cancelled 
when the voltage returns to the nor
mal level 

- selective overvoltage monitor, which 
blocks a converter that generates too 
high a voltage. Afterwards the moni
tor initiates a restart. If overvoltages 
occur repeatedly, the converter is dis
connected and an alarm is given. The 
monitor must then be reset manually 

- limitation of the converter output volt
age so that excessive voltage is avoid
ed during filter operation or master-
slave operation 

- slow start-up, which is initiated when 
a restart takes place after blocking. 
This gives a smooth regulation back 
to the correct level so as to prevent 
voltage overshoot 



Fig. 9 
The converter rack viewed from the rear and from 
the side. 
The four vertical copper bars in the rack rear 
plane form the internal circuitry between the 
units. The equipment is connected to the main 
busbars via the bars shown to the left in the 
illustration 

- encapsulated fuses to protect against 
internal short circuits 

- electronic fuse alarm. 

Parallel operation 
An unlimited number of converters can 
operate in parallel and share the load 
both in active and passive operation. 

Design 
The complete converter consists of two 
identical converter modules and a com
mon filter unit, which contains the con
verter input and output fuses and the 
control unit, fig. 8. 

The control unit consists of three 
printed board assemblies plugged into a 
board magazine. The push buttons and 
the indicating diodes are placed on the 
front of one of the boards. An ammeter 
is mounted on a separate front panel. 

All signal connections are made via 
plugs and jacks to the front of the units. 
Power is supplied to the units via fork 
contacts from the busbar system in the 
rack's rear plane. Connection to the sys
tem is made to the busbars in the rack 
via a switch on the right-hand side of the 
filter unit, fig. 9. 

Each rack holds two converters. 

Distribution 
The distribution in BZD 412 can either 
be transient-limiting or low-ohmic. 

The transient-limiting method of dis
tribution5 has been developed to supply 
electronic telecommunication equip
ment. Supply is effected over individual 
cables directly from the distribution 
rack to the units in question. One typical 
feature of the system is that the resis
tance in each of the distribution 
branches is at least 10 times greater 
than the total internal resistance of the 
power supply. It is possible to connect a 
resistor in series with each fuse to modi
fy the conductor resistance for different 
distribution distances. This method of 
distribution effectively limits trouble
some voltage transients when there is a 
short circuit in the distribution network. 

The low-ohmic distribution method is 
used in electro-mechanical telephone 
exchanges where brief transients do not 
affect the operation. Here supply is car
ried out from the distribution rack fuses 
to the telephone exchange over heavy 
cables, which are then split up into 
smaller cables and run to the equip
ment. Thus each distribution branch will 
have a relatively low resistance com
pared with the internal resistance in the 
power supply. 

Fig. 10 
Transient-limiting distribution. 
Fuses ranging from 6.3 A to 35 A. 
The plastic protection prevents accidental con
tact with live parts when changing fuses 

Automatic battery charging 
Optimum function and life of lead-acid 
batteries are achieved by always keep
ing them fully charged. An automatic 
charging system BMP 130 is included to 
provide high-speed, total recharging 
after every discharge. 

The equipment supervises the state of 
the battery and sends pulses to the rec
tifiers to start and stop the charging pro
cess. During charging the rectifiers in
crease the voltage across the battery to 
54 V(2.35 V/cell). 

The battery charging state is supervised 
by measuring the change in the charg
ing current over a period of time. This 
new principle has a number of advan
tages It is independent of the type and 
size of the battery, and it avoids prob
lems related to the dependence of the 
charging current on temperature a""' 
the age of the battery. 
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Fig. 11 
Low-ohmic distribution 
Cartridge fuses for a maximum of 400 A 

The distribution rack 
The distribution rack contains the dis
tribution fuses, the battery fuses and, 
sometimes, equipment for automatic 
battery charging. The fuse units are sus
pended between the vertical power bus
bars in the left and right-hand rack up
rights. 

The battery fuse unit contains three 
fuses for a maximum of 630 A each, fig. 
13. The battery cables are connected to 
the battery fuse unit with clamps or ca
ble lugs. A maximum of eight 150 mm2 

cables can be connected per pole and 
battery fuse. 

The rack for transient-limiting distribu
tion can have 112 or 168 fuses, each for 
a maximum of 35 A. Outgoing cables are 
connected with a solderless terminal 
with a maximum of two 10 mm2 cables 
per pole, fig. 10. In order to make cab
ling in the distribution rack easier, a ca
ble holder has been mounted in the rear 
corner of the rack. 

The rack for low-ohmic distribution has 
28 fuses each for a maximum of 35 A and 
four fuses each for a maximum of 400 A 
or, as an alternative, eight fuses for a 
maximum of 400 A. The outgoing dis
tribution cables are attached by clamps 
onto copper bars, one for negative and 
one for positive for each fuse. There is 
room for a maximum of six 150 mm2 

cables per pole and fuse, fig. 11. 

The alarm wires from the fuse units are 
connected by plug-in cables to the sig
nal and alarm unit. Visual alarm indica

tors are provided, one for each distribu
tion fuse and one common to each 
battery fuse unit. A plastic protector is 
located in front of the fuses to prevent 
live parts being touched when fuses are 
changed. For this reason distribution 
fuses may be replaced by staff without 
special authorization to work on high 
voltage plants. 

Mechanical packaging 
structure 
The same packaging structure has been 
used for the BZD 412 system as for BZD 
1122. The systems can thus be combined 
in one and the same installation. 

The objectives which have been consid
ered when designing both BZD 112 and 
BZD 412 are: 
- great flexibility 
- simple handling during installation, 

operation and maintenance 
- a high degree of staff safety 
- rational utilization of the space avail

able 
- esthetically pleasing appearance. 

Rack design 
The rack is 600x600x2200 mm with 30 
mm square steel tube sections in the 
corners. The corner uprights are linked 
together with U-sectionsand aluminium 
joints. There are attachment bars on the 
uprights with 100 mm vertical spacing 
on which guide rails or units can be 
mounted at the desired height for the 
equipment. The front of the racks con
sists of equipment panels or doors. The 
side and rear surfaces are covered with 

Fig. 12 
Jack strip for connection of the plant alarm and 
operational signals 



Fig. 13 
Battery tuse unit with automatic charging control 
equipment of the BMP 130 type for a maximum of 
630 A fuses 

aluminium plates which are secured by 
screws. 

Test instrumentation, alarm lamps for 
the system and the equipment survey 
diagram are placed in a metal hood on 
the top of the rack. The hood is sloped 
towards the observer making it easier to 
read the instruments. Behind the hood 
there is a box containing the signal ca
bles in which the signal and alarm 
equipment is mounted; alarm and oper
ational signals can easily be connected 
here, fig. 12. 

The rack equipment is linked to vertical 
power bus bars in the rack end plates. 
These are connected at the top of the 
rack to horizontal bars which join all the 
racks in the plant. The racks are 
provided with adjustable baseplates to 
make it easier to set them up on uneven 
flooring. The rack frames are lacquered 
in light grey and the other plate surfaces 
have a blue hammer-finished lacquer. 

Equipment design 
Each piece of equipment is built up of 
one or several units either 470 or 500 
mm wide, 570 mm deep and the height is 
in multiples of 100 mm. An example is 
shown in fig. 8. The units consist of side 
plates and between these, either a per
forated plate or a framework for mount
ing the components. The instruments, 

indication lamps and push buttons for 
the normal operation of the units are 
visible through windows in the front 
panel; the latter has a perforated lower 
edge. 

The units are convection cooled. Cold 
airentersthrough the bottom of the rack 
and through the perforations in the front 
panel. 

The units are slid in on guide rails in the 
rack and connected to the vertical 
power buses in the rack via a switch or 
directly with cables. The signal wires 
from the units to the plant and between 
the units are connected with plugged 
cables. Installation can be carried out 
using simple hand tools by staff without 
any special training, fig. 15. 

Design of a power supply 
plant 
The design and packaging structure of 
the units results in power supply equip
ment offering very great flexibility. It can 
easily be upgraded and adapted to vari
ous types of telecommunication plant, 
fig. 14. 

A power supply plant consists of racks 
600x600x2200 mm in size, containing 
either: 
- one rectifier for 400 A 

Fig. 14 
The illustration shows two plant modules, each 
for 800 A, consisting of two rectifiers between 
which the converters and distribution have been 
placed to limit the current in the top bars 



Technical data for BMR 273 
Input data 
Voltage, permissible 
variations 

Maximum current at U,N=40 V 
and lOUT=400 A 
Efficiency with 50% of rated 
power 

Output data 
Current 
Maximum voltage with U,N = 41 V 
and lOUT=400 A 
Static regulation accuracy 
Dynamic regulation 
-response time for step 

changes in load with 100 A 
Noise voltage over the load 
-psophometric 
-peak value at 40 kHz 

V 

A 

% 

A 

V 

% 

ms 

mV 
mV 

38 to 
56 

115 

80 

400 

8 
±0.5 

<1 

<0.5 
<100 

Operational data for the converter system 
Regulation level for distribution 
voltage 
-normal value 
-setting interval 

System efficiency, active opera
tion 
Voltage drop across the output 
with passive operation and 
lOUT=400A 
For the noise voltage in active 

V 
V 

% 

V 

filter application the ratio between 
the levels for the converter out of 
and in operation is 
-a t 100 Hz 
- a t 300 Hz 
Power consumption with active 
filtering 
-lOUT=400 A, UOUT=0.43 V 
-lOUT=100A. UOUT=0.48V 

w 
w 

49 
45 to 
54 

95 

1.05 

>40 
>10 

925 
200 

119 

- two converters for 400 A 
- distr ibut ion equipment in the tran

sient- l imit ing mode fo ra maximum of 
800 A 

- distr ibut ion equipment in the low-
ohmic mode for a maximum of 1200 
A. 

The plant has been designed so that a 
min imum of current will f low in the con
nection bars between the various racks. 
Extensions to the distr ibut ion equip
ment and battery take place in step with 
the upgrading of the rectifier and con
verter equipment. 

The equipment and rack design permit 
considerable freedom of layout. The 
plant can be assembled in stand-alone 
rows, double-sided rows or against a 
wall and addit ions can be made both to 
the right and left of the row. This makes 
for considerable ease in planning new 
or extending existing plant, and avail
able premises can be util ized rationally. 

exceeds the number of redundant units. 
This normally means only a degradat ion 
of the plant funct ion and not an inter
ruption in operat ion. The life of the 
equipment has been estimated to be 40 
years. The probabi l i ty of a system failure 
during this period wil l be less than 1 %. 

Fig. 15 
The equipment consists of factory-assembled 
units which are slid into the rack on guide rails 

Reliability 
The power supply equipment for a tele
phone exchange must be extremely re
liable. This has been achieved by the 
fol lowing precautions: 

When designing the equipment 
- only high-quality components have 

been selected and these have been 
subjected to extensive tests before 
being approved 

- design rules have been applied which 
afford wide safety margins. 

When planning the system 
- there is a stand-by for every piece of 

equipment and for each important 
funct ion (redundancy) 

- each piece of equipment has been 
constructed as an independent unit 

- there are no central units which can 
affect the funct ion of the whole plant. 

The repair frequency has been calcu
lated to be of the magnitude of 0.05 per 
equipment unit and year. 

The estimated mean t ime between sys
tem failures (MTBSF) is 3000 years or 
more, assuming a normal equipment re
dundancy of 2 0 % or at least one extra 
unit. A system failure has been assumed 
to occur when the number of faulty units 
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Mobile Telephony in the Nordic 

Thomas Haug 

The collaboration between the Nordic Telecommunications Administrations 
originally concerned only matters that related to the handling of the traffic 
between the countries. Since then the collaboration has successively been 
extended to other fields and has also included technical development projects. 
Such a project is the Administrations' joint development of a Nordic mobile 
telephone system. This article describes the Nordic collaboration in this field and 
gives the background to some of the problems and their solutions. Technical 
descriptions of the system have been published earlier5 6. For details of the 
system, reference should be made to these articles and to the publications of the 
Nordic Mobile Telephone Group''4. 

UDC 621.396.65 
654.1:354.65.012.6(48) 

During the latter half of the 1960s the 
number of subscribers in the Nordic 
mobile telephone systems increased 
rapidly, and the Administrations real
ized that new systems would soon be 
needed. The matter was discussed at 
the Nordic Telecommunications Con
ference in 1969, and it was decided that 
it would be most advantageous to have 
compatible systems in Denmark, Fin
land, Norway and Sweden. The situation 
was in many respects similar in these 
four countries, and the road traffic 
across the borders was increasing 
steadily, which made the prospect of 
joint mobile telephony increasingly at
tractive. A working group was therefore 
appointed with the task of investigating 
the prerequisites for compatible sys
tems in the Nordic countries. 

The working group, which took the 
name Nordic Mobile Telephone Group, 
NMT, first prepared outline specifica
tions for a manual system, almost of an 
interim type, which was later built in 
Denmark, Norway and Sweden. This 
was followed by the considerably more 
extensive work on specifications and 
other necessary data for an automatic 
system. 

Frequency and permit 
problems 
Two problems which were of fundamen
tal importance for the usefulness of the 
system were the choice of frequencies 
and the question of permits for mobile 
subscribers who are outside their own 
country. 

First a frequency band had to be found 
that was suitable for mobile communi
cation, that was available in all four 
countries and also had sufficient capac
ity for the amount of traffic that could be 
expected during the life of the system. It 
was not easy to find a frequency band 
that met all these requirements, partly 
because the countries have different 
frequency allocations for military pur
poses. There was no possibility at all of 
coordinating any frequencies below 425 
MHz. The bands 453-457.5 and 463-

Fig. 1 
The base station for mobile telephony at Nacka. 
outside Stockholm, Sweden. As far as possible, 
existing radio and TV masts and buildings are 
used for the base stations. In this case the mobile 
telephone antennas are placed in the left-hand 
mast, at a height of approximately 200 m. The 
other base station equipment is placed in the 
building immediately to the right of the mast 
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Fig. 2 
The base station equipment at Nacka. To the left 
is the line rack and to the right the base station, a 
version for eight channels 

467.5 MHz were suitable for most of the 
countries. As far as Sweden was con
cerned, the problem was that an agree
ment with the defence establishment 
prevented these bands from being used 
for civilian purposes in wartime and dur
ing periods of military preparedness. In 
view of the large investments in military 
equipment for these frequency bands it 
was difficult to obtain any changes in 
the agreement quickly. It was only after 
long negotiations that the problem 
could be solved satisfactorily. The 
Swedish Administration was then able 
to inform the other countries that it 
could agree to the new system using the 
above-mentioned frequency bands, 
which with a channel spacing of 25 kHz 
gave 180 duplex channels By this time 
the problem had become acute, since 
the manual system was almost ready to 
be put into operation. This system was 
to use some of the channels in the 
agreed bands. The automatic system 
would later successively take over these 
channels, and the manual system could 
then be closed down. 

The second problem was that existing 
regulations had to be changed so that 
mobile subscribers could also use the 
equipment during journeys in the neigh
bouring countries. The usefulness of 
compatible systems to the subscribers 
depends on their being able to use the 
systems in the other countries without 
any bureaucratic procedures and also 
being allowed to use radio circuits 

across the border, at least in the border 
regions. The older systems did not per
mit such joint traffic, and exhaustive 
discussions were necessary before all 
countries could agree to give blanket 
permission. In one case the law had to 
be changed. 

Technical principles 
The main part of the work of the NMT 
group has been to specify the automatic 
system and verify that the ideas were 
feasible. The group started the work on 
the automatic system by laying down 
some preliminary basic operational re
quirements. One of the main principles 
was that the system should, as far as 
possible, function as an extension of the 
fixed network. Consequently the be
haviour of the system, as experienced 
by both mobile and ordinary subscrib
ers, has to be as similar as possible to 
that of the fixed network. This require
ment had to apply for all parts of the 
system in both traffic directions, for the 
handling of the mobile exchanges, for 
calls from the fixed network, for the ser
vices offered and for the security func
tions. It was also desirable that the sys
tem should offer the same traffic facili
ties as the fixed network. Thus it had to 
be possible for any A-subscriber to es
tablish contact with a mobile station 
without any special operations, as long 
as the mobile station was within the 
range of the system, even if it was away 
from its home area. It was also clear that 
for economical and practical reasons it 
was impossible to make any appreciable 
changes in the fixed networks, which 
must therefore be accepted as they 
were. 

The above-mentioned requirements 
meant that the system had to be equip
ped with facilities over and above those 
now provided in the fixed networks. The 
chosen design means that a stored pro
gram controlled exchange, MTX 
(Mobile Telephone exchange) which 
provides the majority of the new func
tions, is placed at the interface to the 
fixed network. MTX is identical in all 
countries with the exception of varia
tions in the interface towards the fixed 
network. For routing and transmission 
reasons MTX is connected to a transit 
exchange in the telephone network, and 



Fig. 3 
A mobile station which is reached from its home 
MTX (MTXH). The access code 010 applies for 
Sweden 

will itself in some respects function as 
such an exchange. MTX must also con
tain many of the functions which in the 
fixed network are placed in the local ex
changes, such as rating, charging and 
other subscriber functions. The set re
quirement are considerably more de
manding than those set for previous 
mobile telephone systems, and this nat
urally affected the solutions found for 
the various problems. 

As a result of the requirement that the 
system should be compatible with the 
existing telephone network without 
changes it was necessary to find new 
ways of solving the numbering prob
lems. Since the digit capacity of the lo
cal registers in the fixed networks was 
limited to seven digits (eight in Sweden) 
in addition to the trunk code, and since 
it was not possible to use an access 
number that was shorter than the trunk 
code followed by two digits, in general 
only five dig its were available to indicate 
a mobile subscriber on the radio route. 
This capacity was obviously too small, 
particularly if it was to be spread over 
four countries. Sufficient number ca
pacity was obtained by equipping MTX 
with the possibility of inserting a coun
try code, Z, before the subscriber num
ber in the case of calls to mobile sta
tions. This means that a call to a mobile 
subscriber will always first be routed to 
his home MTX (MTXH). In order to en
able the callers to reach mobile sub
scribers who are out of reach of their 
MTXH, the latter must add further digit 
information. This means that on the 
basis of its knowledge of the mobile 
subscriber's whereabouts, the MTXH 
sets up a call to the MTX concerned, 
regardless of in which country that MTX 
is situated. The information concerning 
the identity of the sought subscriber, in
cluding the country code Z, is then 
transmitted using MFC signalling end-
to-end. Since the MTX concerned re
ceives the information over a speech 

channel that has already been estab
lished, it can distinguish this case from 
the cases where it must insert its own Z, 
figs. 3 and 4. 

However, the call connection method 
described here means that calls to a 
mobile subscriber away from his home 
area would use a longer path than that 
for which the caller is charged. The prin
ciple of always charging the A-subscrib-
er had to be adhered to. Hence the use 
of the long distance circuits would not 
bring the Ad ministrations any additional 
income. The proposed connection 
method would thus introduce a new rat
ing principle, but the Administrations 
accepted it unanimously since its ad
vantages were considered to outweigh 
the disadvantages. 

The possibility of switching a call from 
one base radio station to another while 
the call is in progress56 helps to give 
good speech quality. The advantages of 
this facility become even more apparent 
when the range of the base radio sta
tions is reduced and a small cell system 
is introduced. In a few years this will 
be done in the region comprising 
Copenhagen and Malmo, where the traf
fic is expected to increase most rapidly. 

Trial system 
At an early stage the NMT group realized 
that the proposed functions would re
quire processor control of both the base 
radio stations and the mobile stations. 
This fact was not considered a problem 
in view of the rapid development in the 
microprocessor field. However, the de
mands made on the signal transmission 
over the radio route could cause prob
lems, and practical tests were required 
to verify the ideas. 

A small joint trial system was designed 
by a subgroup within NMT and was built 

Fig. 4 
A mobile station which is reached from an MTX 
(MTXV) other than the MTXH 
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Fig. 5 
Equipment lor combining a maximum of ten 
channels to a common output or antenna. The 
picture shows one unit for ten channels and one 
for nine. 

in Stockholm, in the laboratory of the 
Swedish Telecommunications Admin
istration. It had been calculated that a 
1200 baud binary signalling system 
would meet the requirements regarding 
transmission capacity and flexibility. 
However, many questions remained un
answered, for example which modula
tion method would be best suited to the 
transmission medium in view of the fact 
that reliable signalling was required 
everywhere where the field strength was 
sufficient for acceptable speech quality. 
A number of subjective listening tests 
were first carried out in order to deter
mine what could be regarded as satis
factory speech quality and to relate this 
to a certain input signal, with and with
out fading, to the mobile station. It was 
then decided what signalling error rate 
could be accepted with the lowest ac
ceptable speech quality, and thus objec
tive, measurable quantities were ob
tained for use in the trial system. 

MHmHHHHI 

The transmission reliability is affected 
by manyfactors.especiallyon radio rou
tes, for example: 
- intermodulation 
- interference from adjacent channels 
- interference from the same channel 

from a distant base station 
- fading. 

The effects of fading have been studied 
thoroughly in the trial system. There are 
basically two reasons for fading in 
mobile communication on land. The 
first is obstacles, such as buildings, hills 
etc., which cause sharp or diffuse shad
ows. A moving mobile station experi
ences these as fading which with nor
mal driving speeds lasts for several 
seconds (slow fading). The second rea
son is that in a terrain that permits multi-
path propagation, i.e. where reflected 
waves can interfere with each other or 
with direct waves, there will be varia
tions in the received field strength, 
which in a moving mobile station give 
fading with a shorter period. 10-20 ms 
is a common value for the 450 MHz band 
at a speed of 50 km/h. 

These two types of fading often occur 
simultaneously. Furthermore, the field 
strength will of course vary with the dis
tance to the base station. The resultant 
variation of the field strength with time 
is therefore a complicated function, and 
it was not possible to calculate the
oretically how it would affect the signal 
transmission. Extensive tests must 
therefore be carried out. 

Laboratory tests were first carried out, 
with fading recorded on tape, and it was 
found that certain modifications had to 
be made. The signalling system could 
then be tested in the trial system, which 
consisted of an exchange and three 
base stations set up in two traffic areas. 
The laboratory tests had proved that the 
signalling system would work, but a 
large number of tests, with subsequent 
statistical analysis of the various signall
ing sequences that could occur, were 
required in order to ensure optimum 
function. As had been expected, the 
analysis showed that certain sequences 
had a lower degree of reliability than 
calculated, and these sequences were 
modified. For example, pre-seizure di
alling from cars was made compulsory, 
since it increased the setting-up re-
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liability. The work on the trial system 
also gave valuable information for im
proving the system in many other re
spects. 

It has been decided to keep the trial sys
tem in operation for some time yet in 
order to make it easier for the manufac
turers to test equipment. Asummaryhas 
been compiled of the tests that have 
been carried out using the trial system7. 

Fig. 6 
A base radio station with the line rack to the left 

Traffic simulation 
The mobile telephone system contains 
many new ideas which have not been 
tested in systems in service. It was pos
sible to check the suitability of the sig
nalling system in the trial system and to 
carry out the necessary modifications. 
However, the behaviour of the system 
with a heavy traffic load could not be 
tested in the trial system, since the latter 
only included a few mobile units. The 
system contains several functions 
which could cause traffic effects that 
had not previously been studied in any 
detail. As the subscribers are mobile, 
the number of subscribers in any area 
varies. Moreover the subscribers are 
often within reach of more than one 
base station, particularly in the city re
gions. The transmission quality on the 
radio route also varies largely with time, 
which results in changeovers during 
calls. The criteria on which the mobile 
station decides which base station to 
use are of great importance, among 
other things for the switching functions 
in MTX. 

In order to get a clear understanding of 
the effect of traffic on the function of the 
system, A/S Norsk Regnesentral, Oslo, 
Norway, was contracted to carry out ex
tensive traffic simulation. The input data 
for the simulations included the result of 
statistical analyses of the fading tests in 
the trial system. Some of the questions 
for which answers were sought were: 
- How are the mobile stations dis

tributed among the base stations 
when the overlap areas are allowed to 
vary in size? 

- How many changeovers will the sys
tem carry out during each call with 
different criteria for the changeover? 

- How is the traffic distributed among 
the different base stations? 

- How large will the amount of updating 
traffic be? 

It is not possible to describe the simula
tion work in every detail here. The main 
result was that the system in accor
dance with the chosen model seems to 
work satisfactorily. The slow fading is 
the most important factor for deciding 
the number of changeovers between 
base stations and the number of recon-
nections and disconnections. It was 
found that a considerable reduction in 
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the number of changeovers and recon-
nect ionscan beobta ined with moderate 
changes in the placing and power of the 
base stations. The simulat ion program, 
which is the joint property of the Admin
istrations, wil l subsequently be used to 
solve specif ic problems concerning the 
placing of base stations in and around 
the capitals. 

Other problems 
In order to obtain conformity 
throughout the Nordic countr ies the 
group has also discussed several non
technical problems. One example is the 
question of who is to own the mobile 
stations. In the f ixed network it is usually 
the national or local Telephone Admin
istration who owns the telephone sets. 
In view of the fact that the mobile sta
t ions have a more compl icated interface 
towards the system than a telephone 
set, it may seem obvious that the Admin
istrations should also own the mobile 
stations. This is the case in the present 
Swedish local automatic mobile tele
phone system in Stockholm, Gothen
burg and Malmo, MTB. However, the 
group found that a system with the 
mobile stations owned by the Admin
istrations would have more disadvan
tages than advantages. Above all, large 

investments would be necessary, both 
for purchasing mobi le stations and for 
bui ld ing up a service network. Another 
important factor was that in a system 
where the Administrat ions own the 
mobile stations it would not be feasible 
to supply all makes of mobile stations. It 
would be necessary to l imit the range 
severely, and the desired amount of 
compet i t ion between manufacturers 
could not be obtained. 

The main advantage of all mobi le equip
ment being owned and suppl ied by the 
Administrat ions would be that a certain 
level of maintenance quality could be 
ensured. However, this would require 
some form of regular inspect ion, which 
was not considered desirable for admin
istrative reasons. 

The group therefore proposed that the 
purchase and maintenance of the 
mobile equipment should be a matter 
between the manufacturer and the sub
scriber. The Administrat ions accepted 
the proposal. This means that the Ad
ministrations have no control over the 
mobile stations beyond the type testing, 
which therefore becomes very impor
tant. One prerequisite for the inter-
country traffic facil ity is that the mobile 
station interfaces towards the land-

Fig. 7 
Different makes of mobile station equipment 



based equipment is identical every
where and for all makes. This interface 
is rather complicated, and it is essential 
that the type testing is carried out metic
ulously and under exactly identical con
ditions for each test, regardless of place 
or time. If this uniformity can be 
achieved, it should normally be suffi
cient to carry out detailed type testing of 
a mobile station in only one country. The 
acceptance in the other countries where 
the manufacturer desires to market his 
equipment will then usually be only a 
formality. 

The group devoted a considerable 
amount of time and labour to specifying 
the testing method and equipment in 
order to ensure the desired uniformity of 
tests. Certain functional tests must be 
repeated many times under different, 
carefully specified conditions, after 
which statistical evaluation is carried 
out. This requires a system simulator, 
which simulates the land-based system 
and which quickly carries out the re
quired number of measurements. The 
simulator was specified jointly by the 
Administrations, and each Administra
tion has purchased one. The uniformity 
of the evaluations is now assured as far 
as possible. 

Another aim of the NMT group was to 
standardize, to some extent, the man-
machine interface towards the mobile 
stations, without preventing the man
ufacturers from following different 
paths towards what they considered the 
optimum design for the equipment. Fig. 
7 shows some types of mobile stations. 

The Administrations must of course 
own the mobile telephone exchanges 
and the base radio stations and be re
sponsible for their performance. It was 
decided that they should be purchased 
in the normal way by the appropriate 
department in the different Administra
tions. Thus the role of the group could in 
this respect be limited to preparing cer
tain common specifications However, 
the conditions concerning the con
struction and operation of the system 
are so similar in the four countries that it 
was quite natural for the group to coor
dinate the activities of the Administra
tions also as regards the invitation to 
tender, evaluation, delivery and follow-
up. 

As regards mobile telephone ex
changes, NMT appointed two sub
groups which were responsible for the 
technical specification and evaluation 
of tenders, and for the commercial eval
uation. The basic data for the tenders 
were issued simultaneously by all Ad
ministrations and couched in identical 
terms. This laid the foundation for a uni
form assessment, which greatly sim
plified the subsequent work. The result 
of the common assessment was that LM 
Ericssons tender for a modified AXE 10 
exchange was placed first. The four Ad
ministrations then contracted for a total 

Fig. 8 
The extension plan tor the Nordic mobile tele
phone network 
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of six mobile exchanges, to be delivered 
in accordance with atime plan prepared 
jointly by the Administrations. The good 
collaboration between the Administra
tions, which had started during the 
tendering stage, has continued during 
the follow-up period. 

Coordination was also needed for the 
base radio stations, and a joint technical 
specification was therefore prepared by 
an expert group. For several reasons the 
Administrations desired to distribute 
the orders among three manufacturers. 
Extensive, coordinated follow-up work 
is now also being carried out for the 
base stations. 

Another field that needed coordination 
was tariffs. The fact must be accepted 
that the tariffs differ in the Nordic coun
tries. The tariff levels in the wire net
works vary and the countries have dif
ferent tariff policies. However, a similar 
tariff structure seemed feasible, so that 
the same principles were applied when 
charging for the various services. Tariff 
experts from the Nordic countries pre
pared a proposal for such uniform prin
ciples. This proposal formed the basis 
for the tariff regulations. 

Summary 
The mobile telephone system has now 
been or is being installed in the Nordic 
countries and was in part put into ser
vice in the summer of 1981. It will suc
cessively be extended in accordance 
with the plan shown in fig. 8. The corre
sponding subscriber prognosis is 
shown in fig. 9. 

The system is in many respects a com
promise between conflicting demands. 
The requirements that were originally 
formulated by the NMT group have been 
met in general, if not in every detail. 
However, the great interest which the 
work of the group has aroused abroad 
concerns not only the design and 
characteristics of the system, but also 
the fact that the project has been carried 
out in collaboration between Telecom
munications Administrations. This col
laboration has been considerably more 
far-reaching than is usual outside the 
Nordic countries. The excellent result is 
largely dependent on the fact that the 

NMT group, like many other Nordic 
working groups, has not been troubled 
by the confrontations that so often oc
cur in international working groups. 
Naturally there have been several vig
orous discussions concerning difficult 
problems where the members have 
been of different opinions. Nevertheless 
the group has always been able to keep 
the discussions on the technical plane. 
The dividing lines have more often lain 
between representatives of different 
technical branches than the representa
tives of different Administrations. Un
like political problems, technical prob
lems can generally be analyzed and 
solved with the aid of common sense 
and a will to compromise. When the Nor
dic mobile telephone system is now 
taken into service, the NMT group hopes 
that the system will meet the technical, 
traffic and economical demands made 
on it by the Administrations and the sub
scribers. 
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CONTACT RL400-a New Radio Relay 
Equipment 

Einar Lundblad 

SRA Communications AB, a Swedish subsidiary of LM Ericsson, has developed a 
radio relay equipment, CONTACT RL400, for telecommunication between mobile 
military units. The equipment works in the UHF band, providing 24 telephone 
channels when analog transmission is used and 120 channels with digital 
transmission. The equipment is microprocessor controlled, which makes it easy 
to handle and provides efficient supervision. 
The article describes the equipment, its supervisory system, which also provides 
protection against jamming, and how this protection can be developed further. 

UDC 621.396.93 Modern warfare requires a high degree 
of mobility and good telecommunica
tions for coordinating activities. Most 
defence forces are provided with equip
ment that enables them to quickly es
tablish and rearrange telephone net
works between military staffs. Frequen
cy multiplexing is used in order to 
obtain sufficient capacity over the con
nections, and the original transmission 
medium consisted of cable. However, as 
the staff have to move often and quickly 
in order to adapt to the tactical situation, 
the cable connections have gradually 
been supplemented with or replaced by 
radio relay links. 

Radio relay equipment which operates 
in the UHF band has therefore been 
used in military telephone networks for 
some decades. However, the use of ra

dio means that the transmitters can be 
detected, monitored and located. The 
changeover to digital time multiplexing, 
with equipment for bulk encryption, has 
now made monitoring useless. 

The possibility of locating transmitters 
increases the risk of attacks or jamming. 
One countermeasure is to use the vari
ous radio circuits only for short periods. 
This necessitates light, mobile com
munication units which can be used to 
set up new connections quickly to re
place others. The increasing number of 
equipments and the complexity of the 
combined networks mean that flexibility 
and easy operation are two prere
quisites for such communication units. 

These operation prerequisites and the 
requirement for protection against jam
ming have all been considered when de
signing CONTACT RL400, fig. 1. The de
sign and construction have been 
chosen so that the protection against 
jamming can easily be improved further. 

Theequipment isdesigned fortransmit-
ting signals from both the older, fre
quency multiplex systems and the new, 
encrypted, digital time multiplex sys
tems in order to facilitate a gradual 
changeover from the older to the newer 
systems. 

Fi9-1 
Radio relay equipment CONTACT RL400 
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SRA Communications AB 

Fig. 2 
The keyboard and display panel on the front of 
radio relay equipment CONTACT RL400 

Operation 
CONTACT RL400 is controlled and su
pervised by a microprocessor. Com
mands and information are fed into the 
processor via buttons on the front pan
el. The information from the processor 
is shown on a display screen on the front 
panel, fig. 2. 

There are two types of buttons, function 
and digit buttons. In order to prevent 
accidental change of operation of the 
equipment it is normally necessary to 
depress a function button while the as
sociated information is being fed in. 

Channel setting is carried out by de
pressing the button marked RADIO CH. 
The channel number is selected by de
pressing button A or B and three digits. 
Each channel number corresponds to 
one transmit frequency and an associ
ated receive frequency. Buttons A and B 
determine which frequency is to be used 
for transmitting and receiving respec
tively. If one station selects channel A 
183, the opposite station must select B 
183. The use of set frequency pairs sim
plifies network planning and the opera
tion of the equipment. 

However, there is a risk that by means of 
signal search the enemy radio intel
ligence will succeed in discovering the 
relation between the receive and trans
mit frequencies for different channels. 
When the transmit frequency of one sta
tion has been detected it will then be 
possible to jam the receive frequency of 
the same station. This can be avoided by 
selecting independent frequencies for 
the receiver and the transmitter. The 
button TX FREQ or RX FREQ is then 
depressed while the desired frequency 
is fed in in the form of four digits, corre
sponding to the frequency in MHz, with 
one decimal. The processor then 
checks that the frequencies are covered 
by the equipment and that the combina
tion is permissible. 

When the frequencies have been se
lected and accepted, the processor con
trols the frequency synthesis in the 
equipment, connects in the required fil
ters and displays the selected frequen
cies on the display panel, together with 
the channel number if a channel has 
been selected. 
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The button OP MODE is used to set the 
equipment to the type of multiplex 
equipment to be used and to the desired 
output power. When the button is de
pressed, the alternatives for a first 
choice are displayed, namely TDM or 
FDM, with information regarding which 
digit buttons correspond to the different 
alternatives. When the desired alterna
tive has been selected, the alternatives 
forselecting multiplex capacity and out
put power are successively displayed. In 
this way the operator is guided towards 
all necessary choices. 

When the above-mentioned choices 
have been made, the corresponding in
formation has been stored in a memory 
that is independent of the power supply, 
and the equipment is ready for opera
tion. 

The equipment can also be pro
grammed via a multi-pole connector, 
OPERATING MODE, on the front of the 
unit, to which an external control equip
ment ora programmed plug can be con
nected. The programmed plug is par
ticularly suitable if the equipment is to 
be used in a network where the settings 
are not changed very often. In the case 
of a fault the programmed plug can be 
moved to the replacement unit and 
quickly give this the same program
ming. When the programmed plug is 
connected to the equipment the func
tion buttons are usually inoperative. 

Supervisory system 
The equipment has a built-in automatic 
supervisory system, which enables any 
faults to be located quickly. During op
eration all internal test points are scan
ned and the results are compared with 
limit values. If any test point value falls 
outside the limit, this is indicated by a 
short audio signal, and the test point 
number is displayed. The operator can 
get the value in question displayed by 
depressing the button TEST. The opera
tor can also accept the test point alarm 
by depressing TEST and B, whereby au
tomatic alarms from this test point are 
cut out. This may be appropriate if the 
test value only differs from the limit mar
ginally and the equipment is otherwise 
working satisfactorily. 

The individual test point results can also 
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be checked, for example during a 
check-up or maintenance, either by ad
dressing the desired test point, by de
pressing TEST and keying the test point 
number, or by depressing TEST and A, 
which gives the first test point value. 
Depressing A again will give the follow
ing test point, and so on. The test point 
number is shown when A is depressed 
and the test point value when A has been 
released. 

External meters can be connected via a 
two-wire cable for monitoring the re
ceived HF signal at the antenna mast 
when adjusting the antenna direction. 
The strength of the received signal is 
displayed also on the front panel in the 
form of a normal test point value, and on 
an indicator with four light emitting di
odes. With digital transmission the di
odes show the result of the continuous 
bit error monitoring of the transmission. 

A transmission fault causes a test point 
alarm but also an intermittent audio 
alarm, a visual alarm signal on the front 
panel and a contact closure for external 
alarm. The audio alarm and the external 
alarm can be disconnected by depress
ing TEST. A return to normal alarm func
tion takes place automatically when the 
fault that caused the alarm has been 
cleared. 

Simple local testing of the equipment 
can be carried out by means of two dif
ferent loop connections. These are set 
up with the LOOP button. With the high 
frequency loop the transmitter is cou
pled back to the receiver for a complete 
functional check of the equipment, in
cluding any multiplex equipment. Any 
functional faults can then be further lo
cated with the aid of the low frequency 
loop alowing functional testing of the 
low frequency parts of the equipment 
including the multiplex and intercon
necting cables. 

The display panel is normally ex
tinguished 30 seconds after a command 
has been received. It can be lit again or 
switched off earlier by means of the but
ton LIGHT. The button marked LED is 
used to test all light emitting diodes in 
the display panel. 

Electrical design 
CONTACT RL420 is the first version in a 
series of equipments with the common 
designation CONTACT RL400. RL420 
has four 50 MHz bands in the frequency 
range 610-960 MHz. The four 50 MHz 
bands can either be combined to form 
one 200 MHz band or they can be placed 
separately within the range. The fre
quency coverage can be altered by 
changing the duplex filter unit. The new 
unit provides the processor with infor
mation regarding its frequency 
coverage. 

Both analog (FDM) and digital (TDM) 

Fig. 3 
Block diagram of CONTACT RL420 
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multiplex systems can be transmitted 
using CONTACT RL420. With analog 
transmission the equipment can trans
mit the basebands of systems with be
tween 4 and 24 channels The equip
ment can also be modified to suit FDM 
systems with a larger number of chan
nels. With FDM operation the physical 
channel, 0.3-2.5 kHz, is used as the ser
vice channel. 

In digital operation (TDM), any of the 
data speeds 256, 512, 1024 and 2048 
kbit/s can be chosen for the transmis
sion. This corresponds to 7-60 or 15-
120 delta modulated telephone chan
nels depending on which data speed is 
used per channel in the multiplex sys
tem. 

The digital multiplex signal is inter
leaved with signals from a built-in digital 
service channel and internal data chan
nels. The internal data channels are 
used for exchanging certain control in
formation between link equipments in a 
circuit and for bit error monitoring of the 
transmission. 

Fig. 3 shows a simplified block diagram 
of the equipment. The transmitter and 
receiver are connected via a duplex fil-

Fig. 4 
Radio relay equipment CONTACT RL420 with the 
cover removed 

ter to a common antenna connector. 
The duplex filter consists of four 50 MHz 
filters with fixed tuning. A suitable com
bination of filters is chosen by the con
trol unit, which also checks that the 
transmit and receive frequency are not 
chosen from within the same band. 

The receiver in the equipment functions 
as a normal double superheterodyne 
with the intermediate frequencies 160 
and 10.7 MHz. The control unit selects 
band pass filters for both intermediate 
frequencies to give optimum filtering. 

On the send side the information signal 
passes through filters that are chosen 
for the actual transmission mode, after 
which it modulates the oscillator fre
quency 500 MHz. The modulated signal 
is then mixed with the signal from the 
transmitter frequency synthesizer, and 
the difference frequency is filtered out 
and amplified to the final power level in 
a wide-band amplifier. Its output power 
is controlled by the control unit and an 
internal regulating system. A directional 
coupling function also supervises that 
there is adequate load on the output and 
automatically disconnects the power if 
too great a part of the output power is 
reflected back to the transmitter. Infor
mation regarding such a disconnection 
is forwarded to the control unit, which 
then automatically tests whether the 
fault remains, by means of short-term 
reconnection of the output power. 

In addition to the control and test func
tions the control unit handles all the sig
nal processing that is necessary to 
adapt the information signal to the con
nected multiplex equipment. The con
trol unit also handles the interleaving 
and separation of the service channel 
and internal data channels from the in
formation signal. 

The equipment is powered from 220 V 
mains voltage or 24 V d.c. voltage, with 
automatic switching to d.c. operation in 
the case of a mains failure. 

Mechanical construction 
CONTACT RL400 is a robust equipment 
designed for use in rough conditions in 
the field. The equipment withstands 
stringent mechanical testing, which in
cludes six fall tests of 1 metre, corre-



Fig. 5 
Block diagram of the scrambler and internal 
multiplex for the service channel and internal 
control channels 

Fig. 7 
Facilities for connection to the digital service 
channel system 

sponding to a shock of approximately 
500 g, and a bump test of 24,000 blows 
of 50 g. 

The equipment, which is waterproof, 
consists of a front panel, a rear panel, an 
intermediate cover and a number of 
subunits. All parts are designed to be 
able to withstand handling as spare 
units under field conditions, fig. 4. 

All connections to the equipment are 
made via connectors on the front panel 
In addition to the connectors, key board 
and display panel, the front panel con
tains cooling flanges for the transmitter. 
All subunits are of plug-in type and are 
fixed to the back of the front panel with 
captive screws. The rear panel holds the 
power supply unit and is also equipped 
with cooling flanges. 

Technology 
CONTACT RL400 has been designed 
using the most modern technology 
available. For example, microstrip cir
cuits are used in the UHF amplifiers, PIN 
diode attenuators and PIN diode switch
es in the power regulating system, strip 
line technology in the duplex filters and 
SAW (Surface Acoustic Wave) filters in 
the intermediate frequency amplifiers. 
The control functions are handled by a 
microprocessor, and the signal pro
cessing is carried out in a number of 
specially developed LSI circuits. The 
power supply unit has individual pulse 
width regulated converters for mains 
and battery operation respectively, with 
direct rectification of the mains voltage. 

Special functions 
A built-in data scrambler makes it possi
ble to transmit any type of data signal 

using CONTACT RL400, without suffer
ing reduction of the range if the distribu
tion of ones and zeros is unbalanced. 
Such unbalanced distribution can often 
occur during unencrypted transmission 
of data and usually results in displace
ment of the transmitted HF spectrum 
relative the carrier. Such displacement 
can be avoided and the selectivity of the 
receiver can be optimized for the data 
speed in question if a balanced distribu
tion of zeros and ones is ensured. 

The data scrambler function has been 
combined with the transmission of the 
digital service channel and the internal 
control data channels. For this purpose 
the equipment is provided with circuits 
for multiplexing and demultiplexing, fig. 
5. The control channels are used to ex
change data between the receiver and 
transmitter, as a backward channel and 
for continuous supervision of the bit er
ror rate during normal traffic. 

The control processor is also used to 
regulate the output power of the trans
mitter. This contributes considerably to 
making enemy monitoring more diffi
cult. The equipment operates at the 
lowest output power that gives a good 
connection and with automatic adjust
ment for any changes in the propaga
tion attenuation, fig. 6. If interference 
occurs, the power will also be adjusted 
so that, if possible, the connection is 
maintained at the same quality. If the 
interference is caused by an enemy jam
mer it does not matter if the power is 
increased, since the connection has al
ready been detected. However, the diffi
culty in determining whether the inter
ference is intentional or not means that 
the lowest possible output power 
should still be aimed at. 

Fig. 6 
Block diagram of the power regulating system 



Technical data for CONTACT 
RL420 
Frequency range 
RF bandwidth 
Channel spacing 
Number of RF channels 
Duplex spacing 
Modulation method 
Output power 

Noise factor 
FDM transmission 

TDM transmission 

Service channel 

Power supply 

Dimensions 
Weight 

610-960 MHz 
4x50 MHz 
100 kHz 
2000 
Fixed or variable 
FM 
10-15W,0.5-1 Wor 
0.05-15 W 
8dB 
4, 12, 24 telephone 
channels 
256,512. 1024,2048 
kbit/s 
0.3-2.5 kHz analog 
with FDM 
16 kbit/s digital with 
TDM 
185-275 V45-65 Hz 
21-32 V battery 
310x345>440 mm 
35 kg 
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Fig. 8 
Radio relay equipment CONTACT RL420 with field 
telephones, bulk encryption equipment, digital 
multiplexors and digital node switches are some 
of the units that are now available for building up 
digital encrypted telephone networks 

Service channel subsystem 
CONTACT RL400 contains a built-in ser
vice channel subsystem for fast and effi
cient communication, fig. 7. The system 
is of the omnibus type, i.e. everybody 
hears everybody else. With digital oper
ation the service channel is also digital 
and can be encrypted using external 
equipment. The handset is normally 
connected to the connector marked 
HANDSET. The connector marked MUL
TIPLEX EQUIPMENT can be used for 
four-wire connection of a service chan
nel from the multiplex equipment or a 
relay station. Two-wire connection is 
also possible, via the AUXILIARY 
EQUIPMENT connector, for encrypting 
equipment and for an extended service 
channel circuit, for example to a quar
ters tent. These connections can be 
used in parallel. The speech control key 
on the handset must be used, since the 
service channel is of the omnibus type 
and the transmission is digital. When an 
operator has depressed his key, the 
speech facility is blocked for the other 
operators. However, calling over the 
service channel can be carried out even 
if the channel is engaged, by depressing 
the button EOW CALL. A calling signal is 
then transmitted which makes it possi
ble to attract attention even during a 
call. 

When radio operators are trying to set 
up a connection over difficult radio 
paths the transmission quality of the 
service channel can be improved by dis
connecting the multiplex signal inter
nally in the equipment. The whole radio 

channel is then used to transmit the ser
vice channel information until thesignal 
strength has been improved, e.g. by ad
justing the antenna direction, and the 
multiplex signal can be connected 
again. In this case the service channel 
transmission will be analog, and any ex
ternal digital service channels will be 
disconnected. The receive side of the 
equipment is always automatically 
switched over to analog reception when 
no digital signal can be detected. 

Development possibilities 
Almost all functions in CONTACT RL400 
are controlled by the built-in micro
processor. This means that functions 
and handling procedures can easily be 
changed by changing program stores. 
External control systems can be con
nected to the interface in the OPERAT
ING MODE connector for communica
tion with the processor. Among the 
possible new functions are: automatic 
connection of a standby station, auto
matic change of channel and cen
tralized control and supervision at com
plex communication nodes. 

The system design has also been 
chosen with a view to facilitating further 
development of the protection against 
interference. Thus all circuits are wide
band in order to avoid manually or elec
trically controlled tuning. The division 
into 50 MHz bands makes it possible to 
use an even wider spectrum for the 
transmission. Such band spreading 
can, for example, be carried out by com
bining the present frequency shift mod
ulation with encrypted phase shift mod
ulation. The regulation system that is a 
prerequisite for using such a band 
spreading method for transmission in 
complex networks has already been in
troduced. 

In the basic version the power regulat
ing system is used to avoid excessive 
coverage, which considerably reduces 
the risk of detection and locating. The 
risk would be even further reduced if 
band spreading was used. 



PCM Signalling Equipment in the BYB 
Construction Practice 

Lars-Erik Larsson 

When developing new generations of PCM equipment, LM Ericsson is designing 
them for the same construction practice, BYB, that is used in the digital 
telephone exchanges AXE 10. This mechanical integration will become 
increasingly important as digital technology is introduced into the telephone 
networks. Mechanical compatibility simplifies redeployment of equipment in 
connection with rearrangements in the network. 
In this article the signalling facilities and signalling requirements on PCM circuits 
are discussed. The signal conversion equipments that are available for different 
applications are described, with a detailed description of one of the signalling 
equipments, ZAK 03-03, which is used for matching between an analog exchange 
and timeslot T16 in a 30-channel PCM system. 

UDC 621.376: 
621.395.38 

Fig. 1 
The allocation ot T16 with channel-associated 
signalling. In bit 6, frame 0, loss of multiframe 
alignment is transmitted to the other terminal. 
X = 0: no errors; x = 1: multiframe alignment 
error. 

Fig. 2 
CCITT signalling diagram R2, digital variant 

Signalling capacity of a 
30-channel PCM system 
A first-order PCM system in accordance 
with CCITT Recommendation G.732 is 
intended for transmission of 30 simul
taneous calls. It contains 32 timeslots of 
eight bits each. Timeslot TO is used for 
frame synchronization and T16 for sig
nalling. Since T16 only contains eight 
bits, it must undergo further time divi
sion if channel-associated signalling is 
used A multiframe is formed for this 
purpose. 

In a multiframe, T16 is used once for 
multiframe synchronization (frame 0) 
and in the other fifteen frames for the 
signalling for two speech channels at a 
time,fig. LThusfoursignalling bits,a-d, 
are allocated to each speech channel 
with a time spacing of 16x125 = 2000 
(is. The transmission speed per signal
ling channel is 500 bit/s. 

Between digital exchanges, common 
channel signalling can also be used, for 
example CCITT signalling system no. 7. 
In this system no multiframe is formed 
but the information is transmitted in 

Signalling code 

packages, which are individually syn
chronized. Channel-associated signal
ling is usually the best method when at 
least one PCM terminal has to cooper
ate with an analog exchange. 

CCITT Recommendation Q.421 for sig
nalling system R2 proposes a signalling 
diagram, figs. 2 and 16, for use with 
channel-associated signalling in which 
only bits a and b are used. 

When a PCM system is used as a link 
between a digital and an analog ex
change special attention must be given 
to the signalling diagram. Procedures 
must be specified for all signalling 
states, even those that are not part of the 
normal signalling sequence, otherwise 
blocking or self-oscillation can easily 
occur. It is also important to standardize 
in order to avoid expensive reprogram-
ming. 

Standardization of the signalling dia
gram also reduces the number of pro
gram blocks per exchange needed for 
signalling, which simplifies the opera
tion and maintenance of digital ex
changes. 

Signalling requirements 
When PCM systems terminate in analog 
exchanges, signal converters are 
needed to convert the d.c. signals from 
the exchange to digital signals in T16. 

As analog techniques have evolved, the 
exchanges themselves and the signal
ling over the junction lines between 
them have been successively improved. 
This means that several d.c. signalling 
diagrams may be in use even for the 
same type of exchange. New variants of 
signal converters must therefore often 
be developed for slightly different d.c. 
signalling diagrams. 

Interworking needs between different 
generations of analog exchanges have 
forced a choice between alternative so
lutions. In some cases it was econom
ical to use the signalling of the older 
exchange also for the new exchange. In 
other cases the older exchange was 
modified so that the facilities of the new 
signalling diagram were made available 
to all subscribers. The PCM signal con
verters must, of course he arianteri to 
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Fig. 3 
The di f ferent in ter faces to w h i c h the PCM 
s igna l l ing equ ipmen t can be adap ted : 

Interface between the group selector and 
FUR or FIR 
The traditional Interface between the ex
change and the analog junction line 
Four-wire interface for the speech path of 
the PCM equipment 
E&M Interface between E&M signalling 
equipment and the signal converter FUP or 
FIP 

64 kbit/s The 64 kbit/s interface of the PCM system 
Line Interface towards the 2 Mbit/s line system 

IDF 

MOF 

4W 

E&M 

the signalling diagram used for inter-
working between the analog ex
changes. 

Another reason for the large number of 
signal converter variants isthat, foreco-
nomical reasons, the interface towards 
the PCM equipment can not be the same 
in all telephone networks, fig. 3. In the 
figure, the signalling equipment for a 
circuit has been divided into its func
tional parts. The group selector signal
ling is matched to the d.c. signalling of 
the junction in its relay sets, FUR and 
FIR. The d.c. signals are modified to 
E&M signals in the units FUP and FIP, 
and the adaptation to the 64 kbit/s bit 
stream in T16 is done in the E&M block. 

If neither the cost of previously installed 
equipment nor development costs have 
to be considered, the most economical 
solution, from the point of view of the 
hardware would be to carry out all signal 
handling up to the group selector in the 
signalling equipment of the PCM sys
tem. In reality this integration is rarely 
economically feasible. However, LM 
Ericsson's production program in
cludes variants for any degree of inte
gration. The alternative that is preferred 
by most customers is to combine equip
ment for E&M signalling with FUP and 
FIP respectively. This gives a PCM sys
tem that is directly matched to the ex
changes which means that already in
stalled junction relay sets can be re
tained. 

The PCM signalling equipment must 
therefore be adapted to a number of dif
ferent d.c. signalling systems. LM Erics
son has achieved this flexibiIity by divid
ing the signalling equipment into a d.c. 
matching part, one of which is required 
foreach channel, and acontrol part that 
is common to 30 channels. The same 

d.c. unit can then be used forall systems 
having the same d.c. signalling diagram. 
The adaptation to the line signalling dia
gram is done by programming the con
trol unit. 

Signalling diagram over PCM 
If the PCM system is to be used only 
between analog exchanges, the only re
quirement for the signalling diagram is 
that it must be able to transmit d.c. sig
nals between the PCM terminals. The 
gating network needed to implement 
the signalling diagram towards T16 is 
then often very simple, particularly if the 
ability of the PCM system to transmit up 
to four binary signalling channels per 
speech channel is utilized. 

In those cases where the two PCM termi
nals are to work with different exchange 
types, or when the d.c. signalling dia
gram is complicated, some form of sig
nal processing is required. This means 
that the gate network between the test 
and operate points and the signalling 
diagram towards T16 often becomes 
disproportionately large 

Considerable signal conversion is 
needed for adaptation between, for ex
ample 
- one analog and one digital exchange 
- two different d.c. signalling systems, 

i.e. if the PCM system has to convert 
the d.c. signals between two different 
types of analog exchanges 

- a d.c. signalling system in a local ex
change and an existing E&M signal
ling system, e.g. in a transit exchange 

- d.c. signalling diagrams where the 
decadic information is transmitted 
between the registers in encoded 
form, e.g. LM Ericssons d.c. code 
and pulsed code used in some 
crossbar exchanges. 
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In the first two cases the need of a stan
dardized PCM signal l ing diagram is ob
vious. The digital version of the CCITT 
signall ing diagram R2 is well suited to 
such standardization. However, there 
are a number of signals in the analog 
local networks which are not included in 
the CCITT diagram, and complete stan
dardization is therefore not possible. 

In the third case the E&M signal l ing dia
gram already in use towards the transit 
exchange must be appl ied, and in the 
last case the dif f icult ies of designing a 
channel-associated network can be 
overwhelming. 

PCM signall ing equipment must there
fore be easy to adapt to different PCM 
signall ing diagrams. LM Ericsson's sig
nalling control unit, which is common to 
30 channels, is then doubly useful. It is 
used not only to control the test and 
operate points of the channel boards, as 
has already been ment ioned, but also to 
implement the signall ing diagram to
wards the digital side. The program
ming facility makes it easy to implement 
custom designs. 

Alternative signalling 
equipments 
The posit ion of the signall ing equip
ment in the PCM hierarchy is shown in 
f ig. 4. Fig. 5 shows where in the tele

phone network the various signall ing 
equipments can be used. The signall ing 
equipments that have been developed 
are listed below, with their applications: 
- ZAK 01 is used when the exchange is 

equipped with junct ion line relay sets 
for E&M signal l ing 

- ZAS 01-07 is used for subscriber line 
signal l ing, for example in rural areas 
with few subscribers, or in urban net
works for connect ing subscribers to 
foreign local exchanges 

- ZAK 02 is used for signal conversion 
towards LM Ericsson's exchange sys
tem ARF 101, i.e. register signalling 
with d.c. code 

- ZAK 03 is used for matching to LM 
Ericsson's exchange system ARF 102, 
which has a standardized line signal
ling system with direct current in a 
loop and registers ignal l ing with com
pelled MFC signal l ing. ZAK 03 is avail
able in several versions, e.g. for de-
cadic impulsing as used in Strowger 
exchanges 

- ZAK 04 is used for matching to ex
changes with signal l ing in accor
dance with Siemens' EMD system 

- ZAK 05 is used for matching to LM 
Ericsson's 500-selector exchanges, 
AGF, with translat ion registers for 
MFC. 

Among these types ZAK 03-3 has been 
chosen for a more detailed description 
of its development, system design and 
signall ing diagram. 

Fig. 4 
The position of the signalling equipmen t in 
the PCM hierarchy. The figure shows the 
interconnection of the various sys tems and 
their association to AXE 10 
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Fig. 6 
Magazine for signalling equipment ZAK 03-3 

Fig. 5 
A telephone region with different types of 
signalling 

ZAK 01 

ZAK 01 alt. 03 

ZAK 02-05 

ZAS01-7 

ZAK 01 alt. 02-05 

ZAK 01 alt. 03-05 

ninltal line 

Signalling equipment ZAK 
03-3 
ZAK 03-3, fig. 6, is the most recently 
modernized PCM signalling equipment. 
The design objectives were that 
- the sensing and polarity inversion of 

the d.c. signals should be tran
sistorized 

- few straps were to be used, tosimplify 
commissioning 

- coding of the signals should be car
ried out using a microprocessor 

- the requirements for extension over 
physical circuits could be modified 

- construction practice BYB was to be 
used. 

Sensing and polarity inversion using 
transistors 
The advantages of using transistors in
stead of relays for the sensing and polar
ity inversion of the d.c. signals are 
quieter and faster operation and less 
maintenance. Moreover, the polarity in
version transistors are controlled via an 



MP1 Cont ro l of the 
polar i ty inversion 

t ransistor 

Fig. 7 
The basic principle to obtain quiet polarity 
inversion together with fast loop de tec t ion. 
The figure shows only one of the polarity 
inversion transistors, for the a-wire 

TP Test point 
MP Operate point 

RC network, which makes the polarity 
inversions less steep. Charging pulses 
can then be transmitted without inter
fering with calls in progress, fig. 7, while 
at the same time loop detection is so fast 
that decadic impulsing is possible. 

Coding using a microprocessor 
In the signalling equipment coding is 
carried out between the received signal
ling information, abandbb, and the oper
ate points for d.c. conditions towards 
the exchange, and also between the test 
points for d.c. conditions from the ex
change and the transmitted signalling 
code, a, and bf. In principle the coding 
can be performed in three different 

ways, fig. 8. 

If no demands are made on the digital 
signalling code except that the analog 
signals are to be transmitted, the meth
od using channel-associated logic is 
usually preferable, fig. 8a. However, if 
an advanced digital signalling diagram 
such as CCITT R2 is required, this meth
od is less attractive, because it gives a 
large array of gates per channel. 

The alternative using clock-controlled 
logic, fig. 8b, is a method relying on re
designing hardware. When modifica
tions or new designs are required the 
unit with the clock-controlled logic 
must be entirely redesigned 

Fig. 8a 
Symbolic diagram of a channel-associated 
gate network for decoding received signals, 
a„ and bb, and c o d i n g the transmi t ted signal, a, 
MP Operate point 

Fig. 8b 
Clock-controlled ga te ne twork for the same 
function as shown in Fig. 8a 

MUX Data selector, multiplexor, in the send direc
tion 

LCH Data selector with memory, M, in the receive 
direction (latch) 

Fig. 8c 
The gate ne twork in f i g . 8b replaced by 
m ic rop rocesso r con t ro l 
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Through-connection of PCM channels from 
exchange A th rough B to exchange C 

^^m"^ Mux + line system 

- ^ — — Physical line < 1300 ohms 

With microprocessor contro l , f ig. 8c, 
such a change in hardware is replaced 
by a change in program. This alternative 
therefore gives greater f lexibil i ty and 
more reliable funct ion. Optimizat ion of 
the logic funct ions is easier to carry out 
in programs than in hardware. The pro
gress in the semiconductor industry has 
brought down the cost of alternative 8c 
to such a level that it is now quite rea
sonable in view of its advantages This 
alternative has therefore been chosen 
for ZAK 03-3. However, the micro
processors available on the market were 
all too slow to serve 30 PCM channels, 
and hence a special PROM-control led 
processor has been developed. 

Modified requirement for extension 
over physical circuits 
In an earlier version (ZAK 03-1) in the M5 
construct ion practice4, the PCM chan
nels could be through-connected over 
physical circuits, f ig. 9. This ability has 
been reduced in ZAK 03-3. It is only 
rarely used, and transistorized sensing 
circuits and polarity inverters that are 
immune to interference have proved to 
be very expensive. The disturbances 
that normally occur in a telephone net
work consist of longitudinal and trans
versal interferences caused by dif
ferences in potential, l ightning or near
by power lines. However, a study has 
been started to investigate whether ca
ble networks in large cities are suffi

ciently free f rom interferences that the 
equipment can be used up to the resis
tance limit of about 1000 ohms. 

Construction practice BYB 
The BYB construct ion practice, which 
has been chosen for this generat ion of 
PCM signall ing equipments, has pre
viously been described in several art i
cles1,23. 

The use of this construct ion practice for 
transmission equipment also provides 
mechanical compatibi l i ty between the 
digital exchange and transmission 
equipment. This will bean advantage for 
the rearrangement of transmission 
equipment that will become necessary 
during the evolut ion of the digital net
work. In many cases the trunk circuit 
equipments, OTC and ITC, in system 
AXE 10 can also be used as signal con
verters for PCM systems. 

SYSTEM STRUCTURE 
Signall ing equipment ZAK 03-3 consists 
of five different units, figs. 6 and 10. 

The signal converters FUP and FIP each 
contains equipment for four PCM chan
nels. FUP is used for the outgoing and 
FIP for the incoming traffic direct ion. 

The control unit, the 64 kbit/s interface 
unit and the d.c./d.c. converter are com
mon to all 30 channels. 

Fig. 10 
Block diagram of signalling equipmen t 

ZAK 03-3 



Fig. 11 
Signal converter FUP 

Fig. 12 
Signal converter FIP 

Fig. 13 
Control unit 

Fig. 14 
64 kbit s interface unit 

Fig. 15 
The interworking between two analog ex
changes where the sending of a charging 
pulse, a polarity inversion, momentarily gives 
a false clear forward because of the high 
inductance of the relays in SR. 

FUPand FIP,figs. 10. 11 and 12, contain 
a hybrid circuit which provides the tran
sit ion to the four-wire speech path. The 
fourwire speech path is connected to 
the PCM mult iplex magazine. The 
hybrid circuit is also used to separate 
the speech and signal l ing paths. The 
signall ing path contains the tran
sistorized converters for conversion be
tween analog d.c. signals and TTL lev
els. 

The transmission between the signal 
converters and the control unit is done 
over a common bus that is divided into 
send, receive and control paths, see f ig. 
8c. 

In addit ion to the bus leads shown in f ig. 
8c there is stil l another informat ion 
path, over which the control unit is in
formed whether an FUP or an FIP board 
is inserted, so that the correct signal 
converter program can be activated. 

The PROM circuits in the control unit, 
f ig. 13, contain the programs for setting 
the operate points and coding the test 
point information to the signal l ing dia
gram. They also contain t iming pro
grams, which are needed for example 
when the d.c. signal l ing of analog ex
changes is not full duplex. Fig. 15 shows 
a typical case where t iming is neces
sary. The control unit can also be pro
grammed for pulse correct ion, double 
current detection of polarity inversions, 
generation and detection of t imed sig
nalling elements etc. However, all these 

facil it ies are seldom needed in one de
sign. 

The PCM mult i f rame structure is gener
ated in the 64 kbit/s interface unit, f ig. 
14. 

The send direct ion contains a 16-coun-
ter which is stepped once for each 
frame. The mult i f rame synchronization 
word is transmitted when the counter is 
in the posit ion for frame 0. In the other 
frame posit ions the signal l ing code for 
the relevant channel pair is transmitted. 

The receive direct ion also containsa 16-
counter which is stepped in synchro
nism with the counter in the transmit
ting terminal. When the former is in 
posit ion 0, a check is made that the syn
chronizat ion word has been received, 
otherwise a resynchronizat ion routine is 
init iated. If the system is in synchronism 
the received signal l ing code is con
nected through to the control unit dur
ing each of the subsequent frames. 

SIGNALLING DIAGRAM 
A signal l ing diagram for ZAK 03-3, with 
signall ing between two analog localex-
changesof type ARF 102, is shown in fig. 
16. The t ime axis points downwards in 
the diagram. The signal l ing sequences 
are specif ied by the state numbers. All 
states having the same number are iden
tical, i.e. the signal l ing sequence can 
cont inue with any of the signals that 
start wi th the same state (same colour). 



Fig. 16 
Signalling diagram for ZAK 03-3 used be
tween two ARF 102 exchanges 

"Bover PCM" 
(line) = 1 
{no line) = 0 

High-ohmic loop 
Low-ohmtc loop 
-f-polarity on the a-wire 
-polarity on the b-wire 

-polarity on the a-wire 
+ polarity on the b-wire 
break or -f-polarity 

Technical data 
Transmission characteristics 
Frequency range, speech path 

Nominal impedance. IN/OUT 

Return loss on the two-wi re side 
measured against 600 ohms 

3 0 0 - 6 0 0 Hz 
600 -3400 Hz 

Loop at tenuat ion when the l ine 
side is terminated in a nomina l 
compromise balance 

300 Hz 
1000 Hz 

3400 Hz 
Balance at tenuat ion towards eartr 

3 0 0 - 3 4 0 0 Hz 
At tenuat ion 2 -w i re -4 -w i re . 

nominal ly 
At tenuat ion d is tor t ion 

3 0 0 - 6 0 0 Hz 

3 0 0 - 3 4 0 0 
Hz 
600/600 
ohms, bal 

15 dB 
20 dB 

27 dB 
40 dB 
34 dB 

50 dB 

5 d B 

+0.6 to 

6 0 0 - 3 4 0 0 Hz 
Group delay d is tor t ion 

5 0 0 - 6 0 0 Hz 
6 0 0 - 3 4 0 0 Hz 

-0.2 dB 
t 0 . 2 d B 

200 lis 
100 (is 

Signalling characteristics, outgoing signalling 
unit FUP 
Internal resistance between the 
a- and b-wires 

B lock ing signal , a-wire to earth 
B lock ing s ignal , b-wire to earth 
Low-resistance detector, 

operate l imit 

Signalling characteristics, incoming signalling 

unit FIP 

2 x 8 0 0 
ohms 
800 ohms 
800 ohms 

10 mA 

Resistance between the a- and fa
in the high-resistance state 

in the low-resistance state 

Polarity detector sensit ivity 
in the high-resistance state 
in the low-resistance state 

General data 
Feeding vol tage 

l imits 

Power consumpt ion , equ ipped 

magazine 
wi th 8 FUP and all channels 
idle 
wi th 1 er lang per c i rcu i t 
w i th 8 FIP and all channels idle 
wi th 1 er lang per c i rcu i t 

Dimensions of the magazine 
height 

w id th 
depth 

Weight ful ly equ ipped 

wire 
>100 
kohms 
<1300 
ohms 

<0.3 mA 
> 1 mA 

- 4 8 V 
- 1 0 to 
+ 1 5 % 

40 W 
60 W 
25 W 
25 W 

244 mm 

488 mm 
220 mm 
10 8 kg 



Manufacture of Hybrid Circuits 

Bengt J. Becker, Johan Berg and Christer Olsson 

This article deals with the manufacture of thick film hybrid circuits at RIFA. The 
authors discuss the requirements on premises for such production and describe 
the production organization. More detailed descriptions are then given of the 
series production of resistor networks, chip & wire circuits and circuits with 
soldered components, and also of production techniques and quality controls. 
Finally the manufacture of high reliability circuits is described. 
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Fig. 1 
The supply floor above the factory floor 

Fig. 2 
The circuits are stored in cassettes between 
processes in the various manufacturing stages 

RIFA started manufacturing hybrid cir
cuits in 1971, when a unit was set uo 
near Stockholm. This factory employed 
about ten people, and the production 
consisted of hybrid circuits of the chip & 
wire type. 

The hybrid circuit production increased 
rapidly during the second half of the 
1970s. In 1978 the unit moved to RIFA's 
new, modern and functional premises 
just outside Stockholm, where it has an 
area of approximately 5000 m2 at its dis
posal. 

By the end of 1980 about 300 people 
were employed in the manufacture of 
hybrid circuits. By now the production 
range comprises over 200 documented 
items in different techniques and encap
sulations. The production volumes have 
risen dramatically. For example, the 
number of transmission circuits man
ufactured each week for the standard 
telephone set DIAVOX 100 is over 
10 000. 

The processes, manufacturing methods 
and quality control are all designed to 
satisfy the stringent quality and life re
quirements that are applicable for com
ponents used in the telecommunication 
field. 

The basic technique used, thick film, 
surface soldering and chip & wire, have 
been chosen and further developed by 
RIFA to ensure good production econo
my and high reliability. A summary de
scription follows, which explains how 
these techniques are used in the pro
duction of modern high quality elec
tronic components. 

Factory premises 
The manufacture of hybrids requires a 
supply of electricity, ventilation air, 
compressed air, pure water, a numberof 
solvents and gases, such as hydrogen 
and nitrogen, and also spot evacuation 
and vacuum. The rapid development of 
production techniques and processes 
means that such supply arrangements 
must be extremely flexible. A supply 
floor has therefore been placed above 
the factory floor. From the supply floor 
connection can be made to any point in 
the factory, fig. 1. 

The manufacture of microcomponents 
is extremely sensitive to contamina
tion. The cost of maintaining satisfacto
ry purity constitutes a large part of the 
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Fig. 3 
The department for assembly of chip & wire 
circuits. The subdued lighting is specially adju
sted for microscopy 

investment and production costs. A 
high degree of basic cleanliness is ob
tained by making the premises easy to 
clean All employees and visitors must 
wear protective clothing. Smoking is 
only permitted in rest rooms and cer
tain, enclosed offices. The circuits are 
kept in cassettes during and between 
the various manufacturing stages, fig. 2. 
Process stages that have different 
cleanliness requirements are carried 
out in different rooms. The soldering of 
leads, encapsulation, marking and 
cleaning are completely separate from 
more sensitive processes, such as print
ing, bonding and mounting of soldered 
components. 

The purity of the air is checked reg
ularly. The air must not contain more 
than 10000 particles larger than 5 iim 
per cubic foot. Outdoor air in a city 
usually contains between 100000 and 
1 000 000 such particles per cubic foot. 
The temperature is regulated to 22 
±1°C. The relative humidity is not al
lowed to fall below 40%. 

Particular care has been taken over the 
decoration and lighting of the factory. 
For example, the general lighting in the 
bonding department is adapted to mi
croscopy. The brightness is carefully 
adjusted and the fluorescent tubes are 
equipped with special anti-dazzle grids, 
fig. 3. 

Organization 
In orderto increase the work motivation, 
and thus reduce process times, run

nings n periods for new products, cassa
tion etc., it was decided to delegate the 
responsibility for different types of pro
ducts by dividing the factory into dif
ferent production units for 
- printing and trimming 
- assembly and encapsulation of resis

tor networks 
- assembly and encapsulation of chip & 

wire circuits 
- assembly and encapsulation of cir

cuits with surface soldered compo
nents 

- final testing. 

Production methods, planning, quality 
control and machine maintenance are 
separate functions directly under the 
production manager. The tasks of the 
individual employees are divided 
among the various production units in 
accordance with the matrix principle. 

Series production of thick 
film circuits 
The unit for large scale manufacture of 
thick film circuits produces high-quality 
circuits primarily for telecommunica
tion, but also for other demanding in
dustrial applications. The manufacture 
comprises three types of products: 
- resistor networks 
- chip & wire circuits 
- circuits with surface soldered compo

nents. 

Resistor networks 
The resistor networks consist of ce
ramic substrates on which conductor 
patterns and resistors have been screen 



Fig. 5 
Laser trimming of thick film resistors 

Fig. 6 
Ceramic substrates and printing pastes undergo 
incoming goods inspection before the printing. 
Conductive patterns, resistors and protective 
glass are screen printed in 5—10 layers with 
drying and sintering in between. Each layer is 
10-15 fim thick. The resistors are laser trimmed to 
a limit of 0.5 %. The picture shows printed and 
trimmed "snapstrates" of a chip & wire circuit, a 
circuit with soldered components and a resistan
ce network 

printed, figs. 4 and 11. The printing pas
tes used are a mixture of, for example, a 
conducting material in powdered form, 
glass powder and an organic binding 
agent. A palladium-silver paste is nor
mally used for the conductors and 
different metal oxide pastes, e.g. 
ruthenium oxide, for the resistors The 
conductor and resistor patterns are 
then made electrically and mechan
ically stable by sintering at 850°C. 

Since the screen printing gives a well 
defined printing thickness, the resis
tance of each resistor made of a certain 
paste will be determined solely by its 
length and width. The width of the resis
tor can be reduced by laser trimming, 
which increases its resistance to the de
sired value, fig. 5. 

A lead frame is mounted on the ceramic 
substrate, and is connected to the resis
tor contact surfaces by means of dip
ping in a solder bath, fig. 9. The leads are 
then cut to the correct length and the 
resistor network is ready for final electri
cal testing. This is done in processor-
controlled test stations with automatic 
handling of the circuits. 

Chip & wire circuits 
When manufacturing chip & wire cir
cuits an additional gold layer is screen 
printed which overlaps the palladium-
silver layer. The gold layer is used to fix 
semiconductor chips on the substrate 
by means of eutectic soldering. At the 
eutectic temperature 380°C gold and sil
icon form an alloy which gives good 
contact between the chip and the con-

Fig. 7 
The gold wire connects the chip to the conducti
ve pattern on the substrate 
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Fig. 8 
The components are mounted after the substra
tes have been snapped. The chip & wire circuit to 
the left has semiconductors soldered on and then 
connected via gold wires to the gold conductors 
on the substrate. The circuits with soldered 
components, to the right, are first screen printed 
with solder paste, after which the components 
are soldered in an IR furnace 

Fig. 9 
The next stage in the manufacturing process is 
the lead assembly. The picture shows a chip & 
wire circuit, a circuit with soldered components 
and a strip with resistor networks, where the 
leads are soldered on by means of dipping in a 
solder bath 

ductive pattern on the substrate. During 
the subsequent bonding the chip and 
gold pattern are connected by means of 
a 25 (xm thick gold wire, figs. 7 and 14. 

This process results in a chip & wire 
circuit, i.e. a circuit that consists of 
printed conductors, printed resistors, 
printed capacitors and semiconductor 
chips as diodes, transistors and other 
monolithic circuits. 

The chip & wire technique is very space-
saving. Many circuit types manufac
tured in this way are less than 3 mm 
thick, with an area of less than 4 cm2. 

After the assembly and soldering of 
leads the circuits are encapsulated for 
mechanical and environmental protec
tion. The chip & wire circuits are 
moulded in silicone and epoxy resin. 
The final testing is then carried out. 

Circuit with soldered components 
In these circuits encapsulated semicon
ductor chips are connected direct to the 
conductive pattern on the substrate by 
means of surface soldering. Semicon
ductor chips are available as standard 3-
module DIP. Other common encapsula
tions are TO 92, TO 220 and SOT-23. 
Other components, such as ceramic ca
pacitors and tantalium capacitors, are 
also available for soldering. 

Surface soldering of circuit compo
nents starts with screen printing of sol
der paste on certain parts of the con
ductive pattern on the substrate. The 
components are then positioned on the 
circuits, with the pins in the solder pas

te. The circuits are fed through an IR 
oven, where the solder paste melts and 
the components are soldered to the sub
strate. After this the solder joints are in
spected, the leads are assembled, and 
the circuit is encapsulated and tested. 

Circuits with soldered components are 
mechanically insensitive. They can be 
repaired by changing a faulty compo
nent. This is particularly advantageous 
when manufacturing large and compli
cated circuits. 

Production techniques 
RIFA's series manufacture of hybrid cir
cuits is characterized by sophisticated 
production techniques and a high de
gree of automatization. Among the so
phisticated process techniques may be 
mentioned laser trimming of thick film 
resistors to an absolute tolerance of 
0.5% and a relative tolerance of 0.1 %, 
and through-plating of holes on the ce
ramic substrate. (Computer-controlled 
machines, test systems and multi-oper
ation machines are some examples of 
the high degree of automatization). 

Large production series and strict stan
dardization of dimensions and compo
nents have also enabled many opera
tions to be automatized, such as the 
mounting of soldered components, 
bonding, the mounting of leads and the 
final testing. Several projects for further 
automatization of the production are in 
progress. The main advantages of auto
matization are, apart from the lower di
rect cost, a higher yield and a better 
quality. 

Fig. 10 
After encapsulation and cutting of the leads to 
the correct length the circuits are ready for the 
final testing. The figure shows various types of 
encapsulated circuits 
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Fig. 11 
Printing of substrates for speech circuits 

Fig. 12 
Final testing of speech circuits 

Quality control 
RIFA's extensive control activities en
sure that the hybrid circuits are of a high 
and uniform quality. The control ac
tivities comprise 
- incoming goods inspection 
- production control 
- final testing 
- periodic quality tests. 

All material is subjected to incoming 
goods inspection before being put in 
store. Quality tests are carried out at 
regular intervals in order to check the 
quality of purchased components. The 
life of the components is then tested 
under different load conditions and in 
varying environments. 

The production control activities con
sist of operator, process and accep
tance control. The operator is made 
quality conscious and his interest in 
checking his own work is stimulated by 
means of intensive instruction activities 
and a quality bonus in the wages sys
tem. In addition quality inspectors take 
random samples during the production 
processes. Many types of circuits under
go a processor-controlled test as soon 
as all components have been fitted. At 
this early stage it is easy to analyze and 
correct any faults. Acceptance tests are 
included at critical points in the process 
to ensure a satisfactory quality level. 
The information from the acceptance 
tests is fed back into production and 
provides data for corrections. 

Fig. 13, left 
Manufacture of high reliability circuits 

Fig. 14 
Processor-controlled bonding machine 
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Rg. 15, left 
Seam welding machine 

Fig. 16 
The package welding takes place in a glove box 
containing pure nitrogen 

Fig. 17 
Hermetically encapsulated circuits 

Fig. 18, left 
The printing of fine line patterns takes place in 
extremely pure air under laminar flow hoods 

Fig. 19 
The whole batch is inspected after most process 
steps 

All circuits undergo a final test, which 
for all series produced circuits is carried 
out in processor-controlled test sta
tions. These can provide direct print
outs of fault specifications for each indi
vidual circuit and a statistical fault 
distribution for a whole batch. Many 
types of circuits are tested both at room 
temperature and at a higher tempera
ture. 

After the final testing, fig. 12, thequality 
control department, which operates as 
an independant unit, carries out a 
screening of the circuits. A statistically 
chosen sample is tested with regard to 
the electrical and mechanical charac
teristics. Some circuits are also selected 
for more comprehensive quality control. 

Manufacture of high 
reliability circuits in small 
series 
The factory also contains a unit for the 

manufacture of high reliability circuits, 
fig. 13. This unit is housed in a separate 
department, supplied with hydrogen, 
nitrogen, oxygen, vacuum chambers, 
compressed air, return air, cooling 
water and deionized water. The ventila
tion system provides the premises with 
filtered air with constant humidity. 
"Laminar flow" hoods are used for the 
process stages that require extreme 
cleanliness (class 100). The machinery 
includes two processor-controlled 
bonding machines and a seam welding 
machine for hermetic encapsulation, 
figs. 14 and 15. 

The tasks of the unit can be summarized 
as: 
- manufacture of small series of high 

reliability circuits and circuits with a 
high degree of complexity, for exam
ple for military and medical equip
ment 

- development of new processes and 
technical preparation of new prod
ucts using new techniques. 

E 



Box 
Production flow for high reliability circuits 
1 Thick film substrates 
1.1 Screen printing of thick film patterns with 

conductor widths down to 0.15 mm in seve
ral layers (fine line and multi-layer printing), 
tig. 4 

1.2 Sintering of the pastes at 850'C 
1.3 Laser trimming of resistors 
2 Hybrid circuits 
2.1 Glueing of semiconductor chips and cera

mics capacitors on thick film substrates 
with silver polymers 

2.2 Bonding of semiconductors and substrate 
using gold wire (d = 25 fim), fig. 7 

2.3 Glueing of thick film substrates with com
ponents in the package base 

2.4 Gold wire bonding to the package leads 
2.5 Electrical testing and pre-cap inspection of 

the whole batch 
2.6 Changing any faulty components (repair) 
2.7 Sealing 
2.8 Electrical test and leakage test 
3 Screening 
3.1 High-temperature baking (e.g. 125°C, 24 h) 
3.2 Centrifugal test (e.g. 20000 g) 
3.3 Temperature cycling test (e.g. -65/+150C, 

10 cycles) 
3.4 Electrical test 
3.5 Electrical burn-in (e.g. pulsed load at 125°C 

during 168 h) 
3.6 Electrical test 
3.7 Helium leakage test 
3.8 Bubble leakage test 

One characteristic of high reliability cir
cuits is that they are usually her
metically encapsulated, mostly in metal 
or ceramics. The package protects the 
hybrid from the environment and also 
gives good mechanical protection, fig. 
17. 

Hermetic sealing of packages is carried 
out by welding or soldering. It is per
formed in a glove box containing pure 
nitrogen, fig. 16. The quality of the her
metic sealing is tested by means of a 
helium spectograph. The humidity of 
the nitrogen in the glove box is 
monitored continuously. Before sealing 
the circuits are baked in an oven. 

The high reliability circuits manufac
tured are more complex and are man
ufactured by means of more compli
cated processes than the mass-pro
duced circuits. A typical production 
flow for a high reliability circuit is shown 
in the box to the left. 

The whole of each batch is inspected 
after practically every process step, fig. 
19, in order to obtain the required 
quality. Acceptance tests of samples are 
carried out after items 1.3, 2.2, 2.6 and 
3.8. A screening procedure is carried 
out to remove weak circuits. 

A high degree of work motivation is re
quired of the staff if the high quality is to 
be maintained. For this reason project 
groups of about five persons have been 
formed. Each group manufactures simi
lar circuits. Each operator is responsi
ble for and carries out all process steps 
for a batch of circuits. The operator 
knows the calculated time and yield for 
each process step, and can thus judge 
the amount of work required to com
plete the product. 

The wide knowledge of the staff in the 
fields of printing (fine line, multi-layer), 
connection of semiconductors and en
capsulation (both hermetic and plastic 
moulding) has been a prerequisite for 
the manufacture of prototypes and pilot 
versions of sophisticated hybrid cir
cuits, for example for telecommunica
tions. 

The interest and wide technical skills of 
the staff in the manufacturing unit have 
contributed to the development of pro
totypes and the pre-series manufacture 
of several new and important circuits, 
for example for new exchange equip
ment. The circuits have then been pre
pared for series production in close col
laboration with the production prepara
tion unit and quality control unit of the 
hybrid factory. 
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ERICSSON 
Ericsson Towards the 1990s 
For more than a century the activities of the Ericsson Group have been devoted almost 
exclusively to the telecommunications field - development, manufacture and marketing. 
Although the emphasis has been placed on public equipment for telecommunications ad
ministrations, and particularly on telephone exchanges, the Group holds a prominent 
position in the whole field of telecommunications. 

Within the Group, which has large re
sources as regards technology, production, 
marketing and management, a number of 
changes have been carried out, during the 
last two years. A certain degree of restruc
turing and augmentation of these resources 
has enabled the Ericsson Group to offer a 
wider product range and has resulted in a 
more market-oriented structure. 

From the point of view of the Ericsson 
Group the telecommunications market can 
be divided into three main sectors: 

Tele- Telecommunications 
communications administrations and 
Administrations: public companies etc. 

which provide public 
networks for telepho
ny, data and telex. 

Private enterprises Companies, public and 
and private administrations 
administrations: and organizations re

quiring internal tele
communications ("the 
private sector"). 

Defence: Defence administra
tions, naval and air 
force administrations. 

The Ericsson Group offers a very wide 
product range for all three market sectors, 
supplemented by a number of additional 
facilities, such as servicing, training, instal
lation etc. 

Telecommunications 
Administrations 
The division for public telecommunica

tions, which forms part of the parent com
pany, develops and markets all types of 
public telecommunication exchanges for 
telephony, data and telex, analog and digi
tal transmission equipment, manual tele
phone systems and power equipment. The 
division is thus very well equipped for im
plementing complete telecommunication 
networks, which is becoming an in
creasingly common method of marketing 
and purchasing. The Ericsson Company 
has recently successfully completed such 
turnkey contracts in Saudi Arabia and 
Oman. 

Private enterprises 
and administrations 
Telecommunications and data processing 
are becoming more closely integrated, and 
the requirements of computer systems as 
regards communication and network func
tions have both increased and become more 
technically demanding. The Ericsson 
Group has therefore made use of its exten
sive communication know-how to enlarge 
its product range within the private sector 
by introducing systems for administrative 
data processing, office management and 
organization. The Group is now also estab
lished as a manufacturer of complete 
systems for information handling, i.e. the 
transfer, processing, storing and presenta
tion of speech, data, text and visual dis
plays. This has been achieved through the 
purchase of Datasaab by the parent com
pany and by the Group's own earlier 
development work in the field. A new com
pany, Ericsson Information Systems AB, 

The Ericsson Head Office in Stockholm, Sweden 
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was formed from the Datasaab group, sup
plemented by the divisions for information 
systems and subscriber equipment, which 
were transferred from the parent company. 
Ericsson Information Systems is described 
in a subsequent article in this issue of Erics
son Review. 

The product range available to the pri
vate sector has been further supplemented 
by the inclusion of Autotank AB in the 
Group, and by the parent company becom
ing part owner of AB ID-Kort. Autotank 
AB develops and markets petrol station ter
minals which enable customers to purchase 
petrol by means of credit cards or bank
notes even if the station is unattended. This 
technology will have a number of other ap
plications in the retail trade. AB ID-Kort 
manufactures different types of bank, credit 
and identity cards, and is thus a logical addi
tion to the Group. 

Defence 
Several units within the Group are engaged 
in the design, manufacture and sale of de
fence equipment. The marketing side has 
been reinforced, and this has enabled the 
Group to offer complete strategic and tacti
cal telecommunication networks with 
associated operating centres. The networks 
include products from the parent com
pany's divisions for defence electronics and 
for public telecommunications as well as 
from SRA Communications AB and Erics
son Information Systems. Some well-
known Ericsson defence products are in
teractive computer systems for air traffic 
control, radar, IR and laser systems for air, 
marine and ground use and equipment for 
satellite communication. 

Network installation 
and other services 
In addition to the activities that can be con
sidered to be aimed at a certain market 
sector, the Group has extended its range of 
more general services. The Group is well 
established in the field of planning and in
stallation of public networks, including the 
supply of network material. The range of 
services offered here has been supple
mented to give the Group greater scope for 
installing entire networks, and to extend 
these activities to include private, military 
and industrial networks. Thus the Group 
provides equipment for railway signalling, 
for the mining industry, and for the oil in

dustry in the form of telecommunications 
and telemetry for pipelines. 

Planning, installation, operation and 
maintenance and the training of customer 
staff are all services of great importance to 
all the branches of the Group. To these can 
now be added services in the field of data 
processing. A new company, Ericsson 
Programatic AB, has been formed, and 
another company, AU-System Network 
AB, has joined the Group to provide re
sources in the software field. The consulta
tive and project work, as well as develop
ment work on application software carried 
out by these companies, constitutes an im
portant addition, particularly within the 
private sector. 

Technology 
The Ericsson group uses advanced technol
ogy, which requires extensive research and 
development work. R & D are carried out 
in all units, although only three cases of 
particular interest will be mentioned here. 

In the optical field the Group has carried 
out research and development work for 
over a decade, and optical fibre cables and 
the associated transmission equipment are 
now being marketed. This technology is 
already well established in public city net
works, and is expected to be an important 
alternative to both traditional cable and 
other transmission media in all types of net
works within a few years. 

Rapid advances are taking place in com
ponent development in both the telecom
munication and data processing fields. 
Custom design circuits are of particular in
terest. Such circuits are developed for 
specific applications in particular products, 
and as resources for such production are 
available within the Group, alternative sup
plies are ensured and the need for external 
manufacture is reduced. AB Rifa and a spe
cial development unit, LSI Design Center, 
handle these activities. 

The world-wide success of the AXE 10 
system is partly due to the revolutionary 
principles applied in the design and hand
ling of its software. In the software field 
special projects are now in progress which 
are aimed at providing more efficient 
programming aids and software that is 
simpler to handle. 

The investments made by the Group in 
this field, as well as the increase in service 
resources provided by the software com
panies, are essential for attaining the over
all goal, since the cost of the software repre

sents an increasingly large part of the 
overall system cost and the number of 
programmers available tends to be limited. 

Strengthening of the 
Group internationally 
This brief, general description of the Group 
and its aims would not be complete without 
reference to the international aspect. In 
1980 a new company, Anaconda-Ericsson 
Inc., was formed in the USA jointly by 
Ericsson and the American enterprise 
Atlantic Richfield Corporation. The main 
production of Anaconda-Ericsson now 
consists of cable and wire manufactured in a 
number of factories in the USA and Latin 
America. The Anaconda-Ericsson Tele
communications Division, which already 
markets PABXs, transmission systems and 
bank terminal systems, constitutes a valua
ble addition to the Ericsson Group, form
ing a basis for the activities of Ericsson In
formation Systems in the USA. The private 
sector in the USA constitutes about 50% of 
the world's private market, and establish
ing the Ericsson Group in the USA is an 
extremely important move, intended to 
reach a large potential market as well as 
adding to the development resources. 

The changes that have been described 
here will quickly penetrate other foreign 
markets, and the initial effect will be a 
strenthening of the marketing side. 

Ericsson 
The Ericsson Group has entered the 1980s 
as a stronger enterprise, with a wider pro
duct range and with an organization for 
more efficient marketing. The changes that 
have already been carried out and others 
that are still to be made are important and 
necessary measures in order to maintain 
the position of the Group as one of the 
leading enterprises in the field of telecom
munications. The Group with its changed 
identity faces a new epoch. 

This new Ericsson Group is symbolized 
by a new visual Ericsson identity, the new 
logo. 



Ericsson Information Systems 
- A New Company 

Lars Ramqvist and Martin Thoren 

The Ericsson Group is in a dynamic stage of development. A milestone in the 
development of the Group will be passed on January 1st, 1982. A new subsidiary 
company, Ericsson Information Systems AB, will then be formed. It will consist of the 
main part of Datasaab AB and the divisions for Subscriber Equipments and Information 
Systems from LM Ericsson. In this article the authors describe the development that 
has led to the formation of the new company and give a summary of the company, its 
aims, strategy and products. 
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The decision to set up Ericsson Information 
Systems on January 1st, 1982 was the re
sult of the desire to expand the activities of 
the Ericsson Group beyond the field of tele
phony. Expansion should take place within 
a sufficiently large and growing sector of 
the market. One such sector comprises in
formation systems for private and public 
activities, i.e. large industries, banks, in
surance companies and public companies. 
This market is called the private sector in 
this article. 

Markets and trends 
The decision to expand into the field of 
information systems for the private sector 
was based on analyses of market, in
dustrial and technical trends. As can be 
seen from table 1, the market for small com
puters, terminals and work stations for 
offices is growing rapidly, in certain cases 
at more than 20% per year at a fixed money 
value. Moreover, the communications part 
of this market is growing faster than public 
telecommunications. Software is another 
interesting field with rapid growth. 

Thus the world market for these products is 
very large and also expanding quickly. This 
development is affected by two trends in 
present-day society. 
- An increasingly large part of the work 

force is engaged in the information sec
tor, whereas the part employed in direct 
production is decreasing, fig. 1. 

Fig. 1 
The distribution of employees within different sec
tors in the USA. (OECD) 

- The wages for work in the information 
field have increased rapidly during recent 
years, and at the same time the increase 
in productivity has been considerably 
slower than in the industrial sector, fig. 2. 
However, the amount invested in each 
employee for the purpose of increasing 
the productivity is several times higher in 
industry than in, for example, offices. 

These trends imply that investments aimed 
at increasing productivity are now also ex
pected within the growing information sec
tor. In order to be able to optimize such 
investments it is necessary that purchased 
equipment can be connected to an inte
grated system which offers means of com
munication and also facilities for using the 
units in the system for several different pur
poses. 

The world market for products aimed at the 
private sector is expected to amount to 38 
billion US dollars in 1985. The USA alone is 
responsible for half of this market, fig. 3. 
Furthermore the US market is in the lead as 
regards technology and is often first with 
new products. The USA will therefore con
stitute a key market for Ericsson Informa
tion Systems. Know-how will be obtained 
and products developed in collaboration 
with the American subsidiary Anaconda-
Ericsson Inc. 

35% of private sector products are sold in 
Western Europe, which will naturally play 
an important role as the home market for 
Ericsson Information Systems. 

The rapid growth that has been recorded 
during the last few years, and which is also 
forecast for the near future within the 
distributed data processing, communica
tion and data storage fields, means that 
new sales outlets can be created within LM 
Ericsson's particular field and can form the 
basis for future expansion. This applies 
particularly to the private sector. 

Fig. 2 
Pay and productivity development tor office em
ployees in the USA. (Base year 1970) 

Table 1 
Expected growth of some important product fields 
in the world market 
(Prices for 1980. in million USS) 

Product field 

Small computers 
Word processing equipment 
Work stations 
Other terminals 
Communications 
Consultancy/software 
Main frame computers 

1980 

7 000 
1 800 
1 400 

540 
10 600 
8 600 

15 000 

1985 

18 000 
7 400 
4 800 
1 000 

15 400 
21 800 
18 000 

Annual growth 

20% 
32% 
28% 
13% 
9% 

20% 
4% 
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Fig. 3 
The whole world market tor the type of private sec
tor products marketed by LM Ericsson 

Fig. 5 
The ownership of the software companies that are 
affiliated to LM Ericsson 

Division for 
Information Systems 
The first stage of the venture into informa
tion systems for the private sector was initi
ated in the middle of 1980 with the setting 
up of a new division within the parent com
pany, the division for Information Systems. 
The aim of the division was to be able to 
provide complete systems for data/text/ 
video, which are based on LM Ericsson's 
extensive know-how in modern telecom
munication and computer technology. 

The activities of the division cover three 
fields, namely data transmission with 
modems and other network equipment, pri
vate data networks for packet switching, 
and office automation comprising work sta
tions with word processing, document 
handling, telex communication etc. 

Since its inception the division has carried 
out development projects to meat specific 
commercial requirements. During the first 
year of operation customer orders were 
already being received for both ERIPAX 
data networks and ERITEX office automa
tion equipment. Modems, which were pre
viously marketed by the parent company, 
have also been a well established product 
for a long time. 

Software is important 
It is often said that there is an international 
software crisis. Development and mainte
nance of software is often a burden to 
customers who have purchased office 
automation and information systems, and it 
forms an increasingly large part of the total 
cost of data processing, fig. 4. The Erics
son group has therefore decided to offer 

the customers complete software pack
ages, as well as consultative and service 
facilities in both EDP and technical fields, 
such as data communication. The Ericsson 
group has extensive know-how in the soft
ware field based on experience from its 
own large computer centre, and also from 
development work on the computer-con
trolled telephone exchange system AXE 
10. 

It was decided that collaboration with inde
pendent software companies was desira
ble in order to gain further experience in 
this field. At the end of 1980 LM Ericsson 
therefore purchased a third of the shares in 
AU-System Network AB, and on January 
1st, 1981 a new company, Ericsson Pro-
gramatic AB, was formed in collaboration 
with Programator. The ownership details 
are illustrated in fig. 5. 

AU-System Network AB is a consultant 
company which has concentrated its ac
tivities within the fields of data communica
tion and distributed data processing. The 
company is primarily marketing software 
products and systems in the Nordic coun
tries, but it can also undertake contracts 
outside Scandinavia, e.g. as a subcontrac
tor to LM Ericsson. 

Programator is one of the foremost Swed
ish companies for qualified and complete 
consultative services in the EDP field. The 
company offers an all-embracing service, 
from the preliminary studies to the follow-
up and maintenance, and sells software 
for, for example, minicomputers, distrib
uted processing systems, display termi
nals, data base systems and real time sys
tems. 
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In markets outside Sweden the new com
pany, Ericsson Programatic, will offer con
sultant services similar to those provided 
by Programator and AU-System Network 
AB in Sweden operating as a company 
called E-P Data, which is owned jointly and 
equally by LM Ericsson and Programator. 
An American subsidiary, Ericsson 
Programatic Inc., has also been formed, 
primarily for the purpose of marketing the 
services of AU-System Network in the very 
important US market, particularly in banks. 

This investment in software companies has 
several purposes. There is of course the 
purely commercial interest, since the com
panies operate independently and have to 
prove profitable in a rapidly expanding in
ternational market. However, it is also a 
means of increasing contact with the mar
ket with a view to obtaining better informa
tion regarding the demand for hardware 
and software as well as application trends. 
There are certain possibilities of collabora
tion with the software companies in tenders 
and purchasing. In such situations these 
companies can contribute system studies 
and other consultative services in the initial 
stages, while LM Ericsson provides the 
products and systems. The companies can 
also be considered as a programming 
source, necessary when the current scar
city of programmers is considered. 

Purchasing of companies 
At an early stage the management of LM 
Ericsson realized that it would be necessa
ry to purchase companies in order to 

achieve the substantial growth of the pri
vate sector activities planned for the Group. 
In view of the integration of the telecom
munication and computer fields that was 
taking place, the interest was concentrated 
on Datasaab, the largest Swedish manu
facturer of terminals and computers. 

It was soon obvious that Datasaab's ex
perience of minicomputer systems and ter
minals was an excellent complement to LM 
Ericsson's know-how in the fields of tele
communication, computer technology and 
complex integrated systems. 

Extensive negotiations led to LM Ericsson 
acquiring 90.5% of the Datasaab shares 
on April 1st, 1981. The remaining 9.5% 
were obtained by the Swedish Telecom
munications Administration through its 
subsidiary Teleinvest. 

At the same time a survey was carried out 
to investigate the possibility of coordinating 
the activities of Datasaab and LM Ericsson 
in the private sector, both as regards mar
keting and production. Since the require
ments of the private sector are somewhat 
different from those of telephone ad
ministrations, which are LM Ericsson's tra
ditional customers, it was soon clear that a 
private sector subsidiary ought to be 
formed. 

On June 4th, 1981, it was therefore an
nounced that two of LM Ericsson's divi
sions, the divisions for Information Sys
tems and Subscriber Equipments, were to 
be combined with the Datasaab divisions 

Fig. 6 
The Ericsson and Datasaab divisions forming 
Ericsson Information Systems 
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for Business Systems, Bank Systems and 
Alfaskop, fig. 6. Legally the activities in 
question were to be based on Datasaab 
and were to be operated as a subsidiary of 
LM Ericsson. 

It was also decided that the remaining divi
sion within Datasaab, Interactive Data 
Systems, should be transferred to SRA 
Communications AB, another subsidiary of 
LM Ericsson. The division in question pro
duces air traffic control systems, simulators 
and defence electronics, which all fall out
side the planned scope of the new com
pany, but which are well in line with the 
activities of SRA. 

Ericsson Information 
Systems 
The new subsidiary, Ericsson Information 
Systems AB, will be fully operative from 
January 1st, 1982. Teleinvest is also a 
minority shareholder in this company, with 
9.5% of the shares. LM Ericsson holds the 
remaining 90.5%. 

The aim of Ericsson Information Systems is 
that the company shall establish itself dur
ing the 1980s as an important supplier of 
complete systems and system products in 
the field of internal communication, distri
buted data processing and data storage. 
The main strategy of the new company is to 
provide high quality products based on the 
present activities of Datasaab and LM 
Ericsson's divisions for Subscriber Equip
ments and Information Systems, and to in
crease its profitability and competitiveness 
by marketing a modular and flexible inte

grated system. This also provides further 
opportunities for the marketing of service 
facilities. 

The company's products will successively 
be developed into components in such an 
integrated information system, which it 
must be possible to structure in different 
ways to meet different customer require
ments. The customers must be able to 
purchase individual system components 
and extend the system when necessary, 
starting with an arbitrary unit. Advanced 
operation and maintenance functions will 
also form an important part of the inte
grated system. 

Ericsson Information Systems will have a 
functional business structure reflecting the 
aim of being able to offer integrated 
systems, primarily based on communica
tion systems, business systems and termi
nals, fig. 7. 

It is also an aim to use engineering techni
ques common to the whole of the produc
tion range in order to attain the desired 
compatability between the system compo
nents and to reap the benefits of large-
scale manufacture. From the functional 
point of view the software companies men
tioned above, which operate as separate 
commercial units, are considered as inter
faces to the market. However, the main part 
of the marketing and sales will take place 
through the distributing companies, which 
will consist of the subsidiaries of Ericsson 
Information Systems and some other sub
sidiaries and associated companies of the 
Ericsson Group. 

Fig. 7 
The functional structure of Ericsson Information 
Systems 



Fig. 8 
MD 110, a new stored program controlled PABX for 
voice and data. The system has a modular structure 
and can be extended to 10 000 extensions 

Fig. 9 Fig. 12 
Series 16, a minicomputer system for offices, The terminal system ALFASKOP System 41 
developed by Datasaab 

Fig.10 
The Datasaab bank system 

Fig. 13 
The digital special telephone set for MD 110 

Fig. 11 
ERITEX 10, a typewriter terminal with word process
ing and teletex communication 

Products 
Certain of the products of Ericsson In
formation Systems have already been 
described in Ericsson Review, and 
others will successively be presented in 
subsequent issues. A brief list is given 
here: 

Communication systems 
- MD 110, a digital, stored program con

trolled PABX with facilities for 
simultaneous data transmission, fig. 
8. 

- ASB 20,100 and 900, stored program 
controlled PABXs1^4, DIAVOX 406 
and 824, stored program controlled 
office communication systems8 

- ERIPAX, a data network for packet 
switching 

- ERIBUS, a local data network for 
transmission at Mbit/s rates 

- ERIMAIL, asystem for computer con
trolled telex and teletex 

- Modems, from 50 bit/s to 64 kbit/s 

Business systems 
- Series 16, an administrative minicom

puter system for work positions with 
display units, fig. 9 

- System LXT for distributed data pro
cessing in offices 

- Bank systems with cashier terminals, 
note dispensers, cash dispensers etc, 
and a version of system LXT, fig. 10 

- Terminal systems for the retail trade 

Terminals 
- ERITEX, an office support system 

with word processing document 
handling, information retrieval and 
teletex communication 

- ERITEX 10, a typewriter terminal for 
word processing and teletex com
munication, fig. 11 

- ALFASKOP System 37, an editing ter
minal for input of data to large compu
ters 

-ALFASKOP System 41, a terminal 
with local data processing and stor
age, fig. 12 

- DIAVOX, standard telephone set 5 6 

and special set7 8 

- Special digital telephone set for MD 
110, fig. 13 

- Authorization terminal for credit 
cards, fig. 14 

Fig. 14 
Authorization terminal for credit cards 
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Integrated information 
systems 
The products listed on the opposite page 
are used to build up an integrated informa
tion system. Facilities and functions for ad
ministrative data processing, support sys
tems for offices etc. can be combined 
according to the customers' requirements 
with the aid of communication systems for 
voice and data, terminals and modular 
hardware and software for information pro
cessing, fig. 15. Fig. 16 gives a more de
tailed description of these functions and 

facilities. Some of these functions and the 
corresponding products are the respon
sibility of the subsidiaries LM Ericsson 
Telemateriel AB (LMS), SRA Communica
tions AB and Autotank AB. LMS is respon
sible for time recording, alarms, supervi
sion and other functions associated with 
buildings. SRA is responsible for mobile 
radio, paging etc. and Autotank for petrol 
station credit and payment equipment. 

A hypothetical example of such an inte
grated system, containing several of the 
system components described above, is 

Fig. 15 
The structure of an integrated information system 

Fig. 16 
A functional analysis of an integrated information 

svstem 



Fig.17 
A hypothetical example of an integrated informa
tion system 

shown in fig. 17. The private ERIPAX net
work is used for global communications. 
The local communications are handled by 
MD 110, or by ERIBUS if integrated voice 
communication is not required. ALFASKOP 
systems, connected via a concentrator 
unit, are used for communication with the 
main computer. Local computers of type 
Series 16 are used for extensive local pro
cessing, and terminals are connected via 
terminal buses, or via ERIBUS if a very high 
communication capacity is required. Termi
nals can be accessed via a special com
munication computer if the required 
amount of local processing is not too large. 
Computers and terminals can also be con
nected direct to ERIPAX via standardized 
interfaces. 

Ericsson Information Systems will develop 
the integrated information system in accor
dance with the principles which LM Erics
son has so successfully applied for the 
complex AXE 10 system, i.e. software and 
hardware modularity with standardized in
terfaces, extensions in steps and advanced 
operation and maintenance functions. 

The great step LM Ericsson now takes in 
the field of information systems with the 
formation of Ericsson Information Systems 
AB necessitates collaboration from the 
other units in the Ericsson Group. This ap
plies particularly with regard to companies 
that operate within the private sector, 
namely LM Ericsson Telemateriel AB, SRA 
Communications AB, Autotank AB and cer
tain other of LM Ericsson's subsidiaries 
and associated companies, both within 
Sweden and abroad. 

Taken as a whole, the Ericsson Group has 
the resources and the know-how, and thus 
the prerequisites for establishing itself suc
cessfully as an important international 
manufacturer and supplier in the rapidly 
expanding information system market. 
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AXE 10 in Sweden 

Kurt Katzeff 

The digital telephone exchange system AXE 10 has been developed jointly by the 
Swedish Telecommunications Administration and LM Ericsson. The main part of the 
development was carried out by the jointly owned ELLEMTEL Development Company. 
The system replaces both 500-line selector exchanges and crossbar exchanges, and it 
is now the standard system of the Swedish Telecommunications Administration. 
A changeover to digital equipment in the transmission network is also taking place in 
parallel with the installation of AXE 10. The AXE 10 equipment is manufactured for the 
Telecommunications Administration by its industrial division Teli and by LM Ericsson. 
In this article the author describes briefly the decisions and activities that led to the 
development and introduction of AXE 10 in Sweden and also the introduction process. 

KURT KATZEFF 
Swedish Telecommunications Administration 
Headquarters 

UDC 621 395 34(485) 
65.012 2 

The forming of ELLEMTEL 
Collaboration between the Swedish Tele
communications Administration and LM 
Ericsson regarding development work has 
existed for a long time in different forms. For 
example, in 1956 joint development work 
started on electronic exchange systems. 
However, the two parties wished to try 
different solutions, and two systems were 
therefore developed. LM Ericsson's AKE 
12 was put in operation in the Stockholm 
suburb of Tumba in 1968, and the Ad
ministration's A 210 was put in trial opera
tion in another suburb, Storangen, in 1970. 

The experience gained from the Tumba 
and Storangen exchanges showed that the 
computer-controlled switching systems 
had great advantages, but that it was un
profitable to run two projects in parallel. It 

was also clear that digital exchange sys
tems would have to be considered in the 
near future. It was therefore decided to start 
closer collaboration on joint projects. In 
April 1970 an agreement was made to set 
up a jointly owned development company 
with the main task of developing electronic 
equipment for telecommunication. This 
also meant a broadening of the long-stand
ing development cooperation. The com
pany was designated ELLEMTEL Develop
ment Company1. 

Development of AXE 
The development of AXE started in the 
autumn of 1970 within ELLEMTEL with a 
system survey, which was to form the basis 
for the choice of a new local exchange 
system. Naturally the experience gained 
from A 210, AKE and ARE was utilized. 
AKE and ARE are LM Ericsson's stored 
program controlled telephone exchange 
systems with code switches and crossbar 
switches respectively. 

The first report, in July 1971, recommended 
a reed switch system with central and 
regional processors. The system was 
designed so that both the group selector 

Fig. 1 
The first Swedish stored program controlled 
telephone exchange, AKE 12, was put in operation 
in 1968 at Tumba, a suburb of Stockholm 
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and the subscriber stage could be ex
changed for digital variants. The technol
ogy available at the time justified an initial 
version with reed switches. However, the 
system was to be optimized for digital 
operation. 

One of the characteristics of the AXE de
sign is that the control functions are divided 
up between regional and central proces
sors and the software and hardware is 
divided into modular units. This division 
simplifies operation and maintenance, and 
also the introduction of new functions. It 
also enables the system to be adapted and 
developed further as new components and 
ciruits become available. 

As soon as the development work had 
been initiated, both the Telecommunica
tions Administration and LM Ericsson 
started preparing requirement specifica
tions for different types of exchanges, 
beginning with large local exchanges. The 
basic characteristics and function prere
quisites were formulated in 1971 and were 
used to evaluate the system designs 
developed by ELLEMTEL. 

The new exchange system also required a 
new construction practice adapted for 
automatic production, easy installation and 
simple maintenance. The development of 
such a general construction practice for 
electronic equipment, designated BYB 101, 
was started in 1971 at ELLEMTEL. 

A high-level computer language, PLEX, 
was developed in order to simplify the 
programming of the system. This language 
is specially adapted for telephone ex
change functions, and later became one of 
the foundation stones for CHILL, the lan
guage recommended by CCITT in 1980. 
The central processor, APZ 210, which was 
developed for AXE, was of course op
timized for PLEX. 

In 1972 the Telecommunications Ad
ministration specified model stations for 
3000, 8000 and 25 000 subscribers. These 
models were used to evaluate the cost, 
capacity and space requirements of the 
AXE system. The Administration also pro
vided the exchange and network in Soder-
talje, 35 km west of Stockholm, for a field 
trial. 

The equipment at Sbdertalje, for 3000 
subscribers, was taken into service in 
March 1977 and has performed according 
to expectations. However, it differs in many 
respects from the AXE 10 system which 
during recent years has been widely in
stalled in the Swedish network, since the 
Administration decided in January 1977 
that new local tandem and transit ex
changes were to be equipped with digital 
group selectors. It has also been decided to 
introduce digital subscriber stages and 
digital concentrators. 

Fig. 3 
The control room in the AXE 10 exchange at Sbder
talje, completed in 1977 
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Fig. 4 
A magazine in the BYB construction practice, with a 
circuit board assembly for a digital switch extracted 

Fig 5. 
The Sodertalje exchange during the installation 

Strategy for modernizing the 
Swedish telephone network 
In 1980, when AXE 10 was first introduced 
in the Swedish telephone network, the net
work contained installed equipment for 
nearly six million subscribers. Three million 
of these lines were connected to the cross
bar system A 204,2.5 million to the 500-line 
selector system AGF and 0.4 million to 
rural exchanges with crossbar selectors. 

Sweden has 80 telephone sets per 100 in
habitants, which islhe second highest den
sity in the world. The density of subscribers' 
main stations is the highest in the world. In 
spite of this, the annual growth is about 
110 000 subscribers. This figure is ex
pected to fall to about 75 000 during the 
second half of the 1980s. 60% of the 
growth is in exchanges with less than 8000 
subscribers and 15% in exchanges with 
less than 200 subscribers. 

The traffic volume is approximately 0.07 
erlangs per subscriber and the number of 
call metering pulses exceeds 3000 per ex

change line and year. However, the earn
ings trend during the remainder of the 
1980s is such that the traffic volume per 
household cannot be expected to increase 
materially. 

In the business sector and the public sector 
the situation is different, since telecom
munication plays an essential role in the 
efforts to increase efficiency and produc
tivity. This also requires new facilities,which 
can easily be provided with modern digital 
switching systems of the AXE 10 type. 
Since the oldest equipment in the Swedish 
telephone network is to be found in the 
cities, where the number of business sub
scribers is largest, it is natural that the re
placement of old equipment by AXE 10 is 
carried out in these areas first. 

It is the objective of the Swedish Telecom
munications Administration to be able to 
offer its customers the same telecom
munication facilities regardless of geogra
phical position. Customer-tailored solu
tions will therefore be used in regions 
where the telephone network will not be 
digitalized in the near future, in order to 
meet the business requirements for ad
vanced telecommunication facilities also in 
these areas. Such customer-tailoring may 
consist of special terminals, auxiliary 
equipment in exchanges and special 
transmission equipment. The need for 
such special measures is expected to be 
greatest during the next five years, after 
which it will successively decrease as the 
digitalized part of the network increases. 

The strategy chosen means that the re
quirements of business subscribers can be 
met, and at the same time the Administra
tion can limit the digitalization to what is 
justified by the need for growth and moder
nization. Thus the introduction of AXE 10 is 
concentrated to limited geographical 
areas. Detailed replacement programs 
have been prepared for electromechanical 
exchanges, which are dismantled, reno
vated and used again for extension of the 
parts of the network where such equipment 
is acceptable. Analog transmission equip
ment will also be re-used in a similar way. 
Thus very little analog exchange and trans
mission equipment will be purchased after 
1985. 

The possibility of modernizing the local net
work is particularly interesting. The use of 
concentrators enables the network to be 
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Fig. 7 
The Savedalen exchange in Gothenburg was taken 
into service in 1980 

restructured and simplified, and centrally 
situated premises can be freed for other 
purposes. The transmission network will 
also be simplified and easier to maintain. 
There will be greater possibilities of offering 
digital transmission right up to the subscri
ber terminal. 

New, digital PABXs are being installed in 
parallel with the introduction of AXE 10. The 
majority of such PABXs are installed in the 
cities and are digitally connected to the 
AXE 10 group selector stage. This means 
that in a few years a large part of Sweden's 
business telecommunications will be digital 
from PABX to PABX. 

Modernizing with AXE 10 
Since the oldest 500-line selector ex
changes in Sweden are almost 60 years 
old, one aim of the modernization program 
had to be to replace all such exchanges. 
According to the present plans this work 
will be completed by the end of the century. 
By the year 2020 it is probable that all 
crossbar exchanges will also have been 
replaced. However, it is likely that for vari
ous reasons, e.g. simpler maintenance, the 
modernization will be speeded up and 
more than 150000 lines will be replaced 
each year. If growth is also taken into ac
count this means that the Administration 
will install at least 250000 lines of AXE 10 
per year for the next 40 years. In order to 

show an acceptable financial result this 
must be done at a cost per line that is less, 
or no more than the present cost for cross
bar and 500-line selector equipment. 

In Sweden the AXE 10 system will be used 
for all types of exchanges, i.e. small termi
nal exchanges, local exchanges, local tran
sit exchanges, national transit exchanges 
and complex international exchanges. The 
terminal exchanges consist of concentra
tors, which in rural applications must be 
able to handle internal traffic and alarm 
traffic even if the connection to the main 
exchange is broken. The concentrators can 
be extended from 128 to 2000 lines. The 
maximum capacity for a unit with a central 
processor is 65 000 subscribers at 0.07 
erlangs, but with normal growth such a unit 
is already economically viable for an ex
change with 1000-2000 subscribers in
itially. All exchanges have digital group 
selectors, to which PCM line systems can 
be connected. The digital concentrators 
and PABXs are also connected via such 
line systems. 

The rural areas of Sweden are very spar
sely populated, and the concentrators used 
in these areas must therefore be excep
tionally reliable. The maintenance costs 
will otherwise be far too high. It will also 
take time to train staff for this type of opera
tion, and therefore the concentrators can
not be introduced on a large scale until after 
1985. 

Since the AXE 10 system will be introduced 
in digital "islands" in the network it will be 
necessary to use signal converters for in-
tenA/orking with analog equipment. CCITT 
signalling system no. 7 will be used for the 
traffic between AXE 10 exchanges from 
1984. 

A parallel, digital network will be stablished 
in the long-distance network so that all AXE 
10 exchanges can be connected together 
via digital lines. 

The introduction of AXE 10 means that the 
point of changeover to four-wire working is 
moved. Previously this has usually been at 
the input to the transit exchange, but now 
the changeover can take place in the exten
sion circuit in a digital PABX, in the subscri
ber circuit in a digital concentrator, on the 
output of an analog subscriber switching 
stage or on the output of an analog terminal 
excnange. 
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Conversions in Eskilstuna 
and Gothenburg 
The planned conversions in Eskilstuna, a 
town 100 km west of Stockholm, and 
Gothenburg, the second largest city in 
Sweden, are good examples of the possibi
lities offered by AXE 10 and digital technol
ogy. 

Today Eskilstuna has one 500-line selector 
exchange for 34 000 subscribers and a 25-
year old cable network which must gra
dually be replaced, partly because man
holes are too small. 

Two conversion alternatives have been 
studied. The first alternative means that the 
existing exchange would be replaced by an 
AXE 10 exchange of the same size and that 
the conduit routes would be rebuilt and im
proved. During the next 30 years the prim
ary network would also be replaced and 
concentrators would be introduced. 

The second alternative means that a 
central AXE 10 exchange for 8000 numbers 
would be built and that 26 digital concentra
tors for a total of 28 000 numbers would be 
connected to the exchange. In the primary 
network 82 km of 25-year old cable would 
be replaced by 36 km of modern cable for 
PCM. 

The advantages of alternative no. 2 are that 
it would cost less for the rebuilding and 
extension of premises, and that a centrally 
situated building could be used for the Ad
ministration's sales activities. The cost of 
cable vaults, culverts, ducts and manholes 
would also be considerably lower, and the 

cost of maintenance and gas protection in 
the cable network would be reduced. The 
greatest disadvantage of this alternative is 
the difficulty of finding suitable premises for 
the digital concentrators. The cost of the 
initial stage would also be slightly higher for 
the second alternative, but the costs over 
15 years would be 20-40% lower. The se
condary modernization effects and the 
long-term gain justify the conversion of 
Eskilstuna in accordance with alternative 
no. 2. Since the conversion means a radi
cal change of the telephone network 
throughout the town it is necessary to allow 
adequate time for the work. The conversion 
is therefore planned for completion in 1985. 

In Gothenburg three of a total of 23 ex
changes have already been replaced. At 
the same time the trunk network between 
the exchanges is rapidly being converted to 
PCM transmission. Optical fibres will be 
used for routes with a large amount of 
traffic. 

When planning the Gothenburg network it 
was discovered that no suitable premises 
were available for the replacement of one of 
the city's oldest and most central ex
changes, Drottningtorget. One solution 
would be to divide the 25 000 numbers of 
this exchange between 10-20 digital con
centrators, which would then be connected 
to two adjacent AXE 10 exchanges, Kall-
torp and Kaserntorget. At the same time 
the cable network and conduit routes would 
be restored in the same way as in 
Eskilstuna and with corresponding profits. 
The introduction of digital concentrators 
will be later in Gothenburg than in Eskilstu
na, but before that a large number of digital 

Fig. 8 
Computer-controlled exchanges in the Gothenburg 
area, with the year they were or are to be put into 
operation. Framed names indicate AXE exchanges 

City exchange 
Suburban exchange 
Automatic rural exchange 
AKE 13, AXB 20 and 30 



Fig. 9 
An AXE exchange being assembled in the Teli facto
ry at Nynashamn 

Fig. 10 
Computer-aided designing of printed board assem
blies at ELLEMTEL 

PABXs will have been taken into service in 
the Gothenburg area, for example a separ
ate PABX network for Volvo. 

Planning, adaptive design, 
operation and maintenance 
In 1977 it was decided to replace 20 ex
changes for 380000 subscribers between 
the middle of 1980 and the middle of 1982. 
Of these LM Ericsson is to supply 11 ex
changes for 240 000 subscribers and Teli, 
the Administration's Industrial Division, is 
to supply eight exchanges for 140 000 
subscribers. The scedule for the subse
quent two-ear period comprises approx
imately 400 000 lines, with a comparatively 
larger proportion for Teli. In addition an in
ternational transit exchange, which will also 
handle satellite traffic, has been ordered 
from LM Ericsson for the Hammarby ex
change in Stockholm. 

The size of the orders and the stringent 
time schedule meant that the Administra
tion's central resources for project planning 
and dimensioning were not sufficient. 
These tasks had to be delegated to the 
local telecommunication centres, which 
necessitated an extensive training pro
gram. Each conversion object was so large 
that it had to be coordinated by a project 
group led by the local telecommunication 
centre, with the central technical units as 
consultants. 

The above-mentioned decentralization of 
the project planning and dimensioning ac
tivities had been planned, but not at such 
an early stage. It meant that at first there 
was a lack of instructions, which put the 
knowledge and resources of the telecom
munication centres to the test. However, on 
the whole the conversion projects are run
ning according to plan and the centres have 
managed the tasks very well. 

The selection of the first twenty exchanges 

to be converted to AXE 10 was made partly 
on the basis that the need for adaptive 
design should be minimized. A system 
study showed that 21 program blocks had 
to be designed for the Swedish market. LM 
Ericsson designed nine of these, the Ad
ministration ten and ELLEMTEL two. 

During the years 1977-79 the Telecom
munications Administration built up the re
quired design resources, which were 
dimensioned for the adaptive design work 
to come and in order to be able to adminis
ter the blocks designed by the Administra
tion. 

LM Ericsson and the Telecommunications 
Administration have agreed that the pro
duction of programs for all AXE 10 ex
changes in Sweden should be carried out 
by the Administration. All exchanges will 
have the same software in order to keep the 
amount of work required for both the pro
duction and the maintenance of programs 
within reasonable limits. In practice this 
means that two program packages are 
maintained simultaneously. One of these is 
used for new installations and the other is in 
operation in previously installed ex
changes. In order to achieve the goal of the 
same software in all exchanges, the soft
ware in the previously installed exchanges 
is successively being replaced by the latest 
version. In most cases a third program 
package is also being developed. 

Each AXE 10 has its own, unique exchange 
data. In the case of an exchange with com
plex traffic cases it may be necessary to 
compile about 10000 parameters for input. 
Instructions and training material had to be 
prepared very quickly in order to be able to 
carry out this work for the first 20 ex
changes, with their stringent time 
schedules. The most laborious part of the 
work, the collection of data, was imme
diately delegated to the telecommunication 
centres. 
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The use of AXE 10 was originally limited to 
Stockholm and Gothenburg, but was 
quickly extended to another six of the 20 
telecommunication areas in Sweden. Ex
tensive course and training packages have 
been prepared, so that the whole of the 
operating organization can become ac
quainted with the AXE 10 system. Courses 
for the training of technicians and repair
men for AXE 10 were first started in the 
middle of 1979. The training exchange, in
stalled in the Administration's Traning 
Centre by Teli in 1979, has been very use
ful. The courses have been supplemented 
by practical training since the summer of 
1980, when the first AXE 10 exchanges 
were put in operation. 

At the beginning of 1978, when the Ad
ministration ordered the first AXE 10 ex
changes, priority was given to the work on 
conversion methods, choice of products for 
adaptive design, project planning instruc
tions and dimensioning standards. How
ever, during 1980 and 1981 the resources 
for system design, requirement specifica
tions for new facilities and adaption to local 
conditions have been increased considera
bly. 

Another aim when introducing AXE 10 was 
to reduce the operation and maintenance 
staff in the exchanges. It is expected that for 
the first seven exchanges, with a total of 
150 000 lines, the staff in the station and 
MDF areas can be reduced from 56 to 36 
people. This reduction is of course made 

possible by the very low fault rate of AXE 10 
and by the automatic aids for traffic ad
ministration and fault clearing that form part 
of the system. The stringent standardiza
tion of both hardware and software is 
another contributory factor. 

Successful introduction of a new telephone 
exchange system like AXE 10 also requires 
thorough training of the personnel in the 
field. The need for training has been so 
great within the Administration that during 
the first years the introduction of AXE 10 
had to be limited to certain telecommunica
tion areas. The operating staff have a very 
heavy work load just now, since new types 
of PABXs, telephone sets, teleprinters and 
data services, and also the new facilities 
teletex and telefax are being introduced 
simultaneously with AXE 10. 

AXE 10 is designed so that it can be con
nected to operation and maintenance 
centres, from which the field activities can 
be administered. However, if such centres 
are to be efficient they must serve a number 
of exchanges within the area. This means 
that in the near future such centres can only 
be of use in Stockholm and Gothenburg, 
and centres for these areas are now being 
installed. Operation and maintenance 
centres are also planned for the rest of the 
country, but they must also be able to han
dle PBXs and older exchange systems. 

Experience shows that a large number of 
faults and disturbances must be expected 

Fig. 11 
The Telecommunications Training Centre at Kal-
mar, in south-east Sweden 
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Fig. 12 
The AXE 10 exchange at Ulriksdal, Stockholm, deli
vered by Teli in 1980 

during the hectic period when a new ex
change system is being introduced. Ex
changes in the start up phase are par
ticularly prone to disturbances. Both LM 
Ericsson and Teli have therefore set up 
support groups, which can intervene in 
difficult and abnormal situations. Since 
such situations can also occur after the 
manufacturer has handed over respon
sibility to the Administration, for example 
during program change-overs, staff from 
the Administration will take part in these 
central operational support activities. 
These activities will be combined with fault 
clearing, introduction of corrections and 
development of special operation and 
maintenance functions. 

Changeover to manufacture 
of AXE 10 at Teli 
Teli, the Industrial Division of the Swedish 
Telecommunications Administration, has 
factories situated in several places 
throughout Sweden. Its main products are 
exchanges, PABXs and telephone sets. 
Practically all the crossbar equipment in the 
Administration's network was supplied by 
Teli. The decision to introduce AXE 10 
meant that the demand for electromechani
cal equipment would decrease very rapidly. 
Teli had to change over its production from 
crossbar technology to digital technology, 

and the manufacture of telephone sets 
from DIALOG to DIAVOX 100 

In 1975 extensive rationalization was car
ried out within Teli in order to create the 
prerequisites for the manufacture of new 
products. The manufacture of AXE 10 is 
now one of the largest production branches 
at Teli. The new technology means new 
production equipment and methods. 

The series production of AXE 10 within Teli 
was prepared by a project group, formed in 
March 1976 and containing representa
tives from Teli's technical staff and the AXE 
factory at Nynashamn. The group was 
responsible for the whole planning of a five-
year manufacturing and delivery program. 
The group had to decide whether details 
and components should be bought or 
manufactured, and make decisions regard
ing product and production documentation, 
space requirements and the use of pre
mises, production equipment, investment 
frameworks, personnel and training plan
ning, project and product calculations, 
delegation of responsibility and time 
schedules. 

The project also included the planning and 
installation of AXE 10 systems. The aim 
was to deliver exchanges that were ready 
to be put into operation. 

In 1978 and 1979 Teli delivered a numberof 
small exchanges, for example a system 
test exchange to the main office and a train
ing exchange to the Telecommunications 
Training Centre. Teli's part of the AXE 10 
deliveries will increase gradually with the 
successive increase in production capa
city. 

The first public exchange delivered by Teli 
was installed at Ulriksdal in the Stockholm 
telecommunication area. This exchange 
was the real pilot project for Teli. It com
prises 10000 lines and replaces a 500-line 
selector exchange. After the operational 
testing the exchange was handed over in 
June 1980. Subscribers and lines from the 
old exchange were changed over in July 
and August, after which the old equipment 
was dismantled and used for extensions in 
the Stockholm area. 

The installation of AXE 10 exchanges is 
quite different from that of crossbar ex
changes. The strict standardization of the 
connectors and cables for AXE 10 means 
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that a large amount of the cabling can be 
prefabricated. Each such exchange is also 
assembled and undergoes complete func
tional testing at the factory, and thus the 
amount of final testing required on site is 
very small. The software and exchange 
data have been thoroughly tested before 
delivery. The magazines are delivered on 
site fully equipped and tested. This method 
is particularly valuable as regards pro
cessors and group selectors. 

The new production and testing methods 
required extensive investment in produc
tion and testing equipment. New produc
tion premises were also needed to provide 
an environment that met the stringent re
quirements of the new technology. 

The work on the AXE 10 system has also 
necessitated additional training of the fac
tory and installation personnel. Some of 
this training has been carried out internally 
within Teli, and the remainder has con
sisted of courses arranged at the Ad
ministration's Training Centre. 

Conclusion 
Few products have such a long life as 

telephone exchanges. The decision to 
develop AXE 10 was taken in 1971-72, the 
first orders were placed in 1977, the first 
exchanges were put in operation in 1980 
and the last of the old exchanges will not 
have been replaced until the year 2020. A 
system with such a long life cycle has to be 
flexible, so that new functional require
ments can be met and new technology in
troduced. With its modular structure, its 
combination of central and distributed con
trol, and its facilities for modifying the soft
ware, AXE 10 provides the necessary flex
ibility. This ensures that the Swedish Tele
communications Administration, by intro
ducing the system in its network, is able to 
maintain its position as one of the world's 
leading telecommunications administra
tions. 

The material in this article has been ob
tained from previous articles and internal 
reports written by the Technical Director 
Torsten Larsson, engineer-in-chief Evert 
Jarnbhnk, division heads Anders Sundblad 
and Stig Johansson, section head Lars 
Rydin and the head of Teli's AXE factory, 
Sten Zalle, and other people within the Ad
ministration. 
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Fig.13 
The training exchange at the Telecommunications 
Training Centre, Kalmar 



LSI Design Center 

Klas-Hakan Eklund and Goran Norrman 

LSI Design Center is a central unit in the Ericsson Group for designing custom LSI 
circuits in MOS technology. The unit is located at RIFA, where a process laboratory has 
been set up for the manufacture of circuit prototypes and pilot series. 
Design groups have also been formed within some of the design departments in the 
Group's divisions and subsidiaries. With support from the LSI Design Center these 
groups will be able to design their own circuits and have them manufactured, for 
example by RIFA. 
In this article the authors describe the background, aims, organization and resources of 
the Center. 

UDC 621.3.049.7:65.012.2 

Fig. 1 
A projection pattern aligner. 
A picture of the mask is projected on the silicon 
wafer, which has been coated with a photoresist. 
This method avoids the damage to the wafer that 
could occur with a pattern alignment method, 
where the wafer and mask are in contact with each 
other. The projection method increases the yield for 
a large LSI circuit by about 20%. 

In order that LM Ericsson shall be able to 
maintain its leading position in the field of 
telecommunications it must be able to 
renew the product range by combining new 
system principles with new technology. 

Since the 1950s electronics have gradually 
replaced electromechanical technology in 
telephone exchange systems. The change 
was particularly marked during the 1970s, 
when the development of integrated cir
cuits was very rapid. Digital technology and 
increasingly advanced circuits are used not 
only for switching, control and supervision 
but also for the transmission of speech. 

Since the transistor was invented in 1948 
semiconductor technology has been the 
driving force in the tremendous develop
ment in the electronics field. The LSI cir
cuits of today consitute complete subsys
tems, e.g. microcomputers and digital fil
ters. At present the design and manufac
ture of such circuits mainly takes place out
side Sweden. LM Ericsson is therefore in 
danger of becoming dependent on foreign 
companies for the supply of components 
and know-how as regards new techniques. 

Future telecommunications systems will 
contain a greater proportion of LSI and 
VLSI circuits. Designing such circuits re
quires extensive knowledge of telecom
munication systems. It is of vital impor
tance to LM Ericsson to safeguard the 
unique system know-how that has been 
built up within the company, and the build
ing up of its own design resources for VLSI 
circuits is a natural consequence. 

Organization 
RIFA, which is a subsidiary of LM Ericsson, 
designs and manufactores integrated cir
cuits in bipolar technique. This technique 
has previously been predominant and is 
still the obvious choice when fast operation 
or the ability to withstand high voltages is 
essential. 

During recent years the development has 
led to transistors that require very little 
space, 5x10/^.m. However, in order to fully 
utilize the possibility of manufacturing cir
cuits with tens of thousands of transistors, 
the power dissipation of each transistor 
must be very low. In this respect MOS tech
nique is superior to bipolar technique. LM 
Ericsson has therefore decided to increase 
its resources in the MOS field in order to be 
able to design and manufacture its own 
advanced LSI circuits, primarily custom 
design circuits. 

The activities are organized as follows: 
- an LSI laboratory has been set up for 
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Fig. 2 
Plasma etching equipment. 
Conventional etching of patterns, for example in an 
oxide layer, is done by immersing the wafers in a 
chemical bath. In such cases the etching procedure 
is isotropic, i.e. the etching is carried out to the 
same extent in all directions under the photoresist. 
By etching in plasma it is possible to make the 
etching process mainly anisotropic and directional, 
which is necessary in order to achieve the desired 
tolerances, which are of the order of Mm. 

following up new techniques and for ma
nufacturing prototypes and small series. 
Work on new techniques requires 
modern equipment, qualified staff and 
good contacts with the technical develop
ment abroad 
a central unit for designing advanced cir
cuits has been formed. This unit also has 
the overall responsibility within the Erics
son Group for design methods, aids, 
training and contact with suppliers 

• local groups for designing integrated cir
cuits have been formed within design de
partments in the divisions and subsidi
aries in the Ericsson Group. The main 
part of the circuit design work will be car
ried out close to system projects, but with 
method training and computer program 
support from the central unit. 

The USA is predominant as regards techni
cal development in the semiconductor 
field, although Japan and certain Western 
European countries contribute considera
bly. However, the American companies are 
superior when it comes to realizing new 
techniques in products and adapting their 
product engineering and marketing. 

LM Ericsson has increased its contacts 
with development centres on,the West 
Coast of the USA. The main purposes are 
to obtain 
- knowledge and possibly also manufac

turing licences for the LSI activities 
- early and reliable information regarding 

development trends, new techniques 
and new methods in the LSI field. 

LSI laboratory 
The main aim of the LSI laboratory is to 
build up a MOS process for the manufac
ture of prototypes and pilot series. LSI 
Design Center must be able to design cir
cuits for this process and quickly obtain 
prototypes and experimental results. The 
closeness to the process provides a more 
dynamic environment for the designers, 
and they can fully utilize all the possibilities 
offered by the process in their designs. 

Some other important aims are to 
- develop new processes 
- follow up components and processes 
- follow up development trends. 

The current tasks include collaboration 
with the LSI Design Center in 
- specifying the electrical and geometrical 

design rules to be set for the circuit desig
ners 

- designing mathematical models of the 
available basic components. These 
models will then be used for circuit simul
ation 

- cooperating with the circuit designers in 
the evaluation and debugging of proto
type circuits. Test programs for this pur
pose will be designed by the process en
gineers and circuit designers 

- manufacturing prototype circuits and en
suring that the electrical parameters of 
the circuits comply with the design rules 

- optimizing the design and processing 
during the manufacture of the pilot series 
in order to obtain a suitable yield 

- administering the manufacture of masks 
and assembly of circuits carried out by 
other companies. 



Minimum conductor width 
Gate oxide thickness 
Channel length 
Fully ion-implanted 
Number of mask stages 
Delay 

with fan out 
Packing density, approx. 

n-MOS, Si gate 
local oxidation 

3.5-4 ixm 
700 A 
2.5 ^m 
Yes 
8-10 
1.6 
3 
150 gates/mm2 

Table 1 
Characteristic data for the n-MOS process 

Choice of process 
The laboratory has chosen to start with an 
n-MOS process. The design rules permit a 
smallest conductor width of 4 fxm. Table 1 
shows the characteristic data for the pro
cess. The packing density is approximately 
150 gates per mm2. An LSI circuit of normal 
size, 5x5 mm2, can have a total of about 
4000 gates. The gate delay is approx
imately 1.5 ns. 

The chosen process exploits present tech
nology to the full, although a few semicon
ductor companies have used conductor 
widths down to 2-3/j.m. LM Ericsson have 
also acquired equipment which can be 
used with conductor widths down to 3 jum. 

Status 
The building up and manning of the labora
tory is a gradual process which was started 
in January 1981. Hitherto ten people, most
ly engineers, have been employed. 

The equipment was installed and put into 
operation in the spring of 1981. A standard 
circuit, a 4 kbit static memory, has been 
produced in order to check the possibility of 
maintaining electrical parameter values 
and obtaining a satisfactory yield. The first 
circuits were manufactured in the summer 
of 1981, and the process was fully evalu
ated and established in the autumn. 

New processes 
Today n-MOS is the most common and 
cheapest process for such LSI circuits as 
memories and microprocessors. 

CMOS has long been considered an exclu
sive and expensive technique. It gives bet
ter performance and is therefore used for 
curcuits where very low power consump
tion is a requirement, e.g. clock circuits. 

However, the interest in CMOS is growing 
noticeably. It is reflected in large invest
ments in advanced CMOS technique by 
the large semiconductor companies. The 
reasons for such investments are the pos
sibilities offered by CMOS of combining an
alog and digital functions, and the ex
tremely low power consumption, which 
becomes increasingly important with in
crease in the number of functions that have 
to be integrated on one and the same chip. 

CMOS technique is used for such circuits 
as operational amplifiers, which have a per
formance similar to that of bipolar circuits. 

In the telecommunications field there is a 
great need for circuits where analog and 
digital functions can be mixed. At the same 
time the power consumption per gate must 
be low, since the CMOS technique permits 
the manufacture of array circuits with 2000 

Fig. 3 
Diffusion line. 
The wafers are fed into the oven automatically. The 
process is controlled by a microprocessor, to the 
left in the figure, which also regulates the tempera
ture and gas flow in the oven to give a reproducible 
growth of oxide 
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Fig. 4 
A plasma nitride reactor. 
The last layer, on top of the aluminium conductor 
pattern, consists of a silicon nitride layer, which 
protects the circuit better than an oxide layer which 
has been deposited in the conventional way at a low 
temperature (vapox, silox). This increased protec
tion is very important for circuits which are to be 
encapsulated in plastic 

gates. Such a circuit can replace a large 
number of standard MSI circuits in TTL 
technique. 

The demand for CMOS circuits for tele
communication purposes is expected to in
crease sharply, and a process line for such 
circuits will therefore be installed in the 
laboratory in the spring of 1982. The pro
cess will use conductor widths of between 
2 and 3 /xm. 

Design activities 
LSI Design Center designs primarily cus

tom circuits intended for LM Ericsson 
systems which are made in such small 
numbers that the semiconductor manufac
turers will not undertake the design work, or 
which have such important system charac
teristics that they should not be revealed by 
contracting out the design. 

When manufacturing semiconductor cir
cuits, silicon wafers are treated in several 
process stages. In many of these stages 
the areas on the wafer that are to be treated 
are defined by a mask. An MOS process 
requires a total of between 7 and 16 masks, 
depending on its complexity. The work of 
designing a semiconductor circuit includes 
defining the appearance of all such masks. 

Full custom design 
The basic way of designing circuits is to 
design all transistors, resistors and capaci
tors in the circuit from scratch. Each com
ponent must then be defined in about 10 
mask layers. The design work therefore 
becomes very complex when the number 
of transistors is large. The design work is 
also time-consuming and the risk of mis
takes is considerable. Computer aids are 
used to reduce the risks by checking that all 
design rules are observed and that the 
layout really gives the desired function. 
This method is called full custom design 
and is so costly that it can only be used for 
circuits which are to be manufactured in 
large numbers. 

Design work requires access to design 
rules and process parameters for each pro
cess. The manufacture of prototypes is ex
pensive and time-consuming, and it has 
therefore largely been replaced by simula
tion. The input data required for the simula
tion program are the geometry of the de
sign and the doping profiles, oxide thick
nesses etc. of the semiconductor process. 
With the aid of this program it is possible to 
calculate the function of the circuit in detail. 
Simulation is used for the parts of the cir
cuits which are most difficult to assess. A 
small part of the circuits, e.g. a few transis
tors, is simulated in each run. 

Designing in accordance with this method 
requires several years of training, and full 
custom circuits will for the time being be 
designed only at the LSI Design Center. At 
present the available resources permit the 
designing of two to three fairly difficult cir
cuits each year. Both n-MOS and CMOS 
techniques are used. 
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Fig. 5 
Decoding a layout. 
A manually designed circuit section is decoded by 
means of a computer-controlled graphic aid, 
Calma. The screen shows what is being decoded on 
the drawing board. All cells in a circuit are decoded 
and combined in the Calma system so that a com
plete layout is obtained. The information is then 
stored for subsequent manufacture of masks or 
drawings 

Cell library 
A simplified design method consists of 
using a cell library. A library contains about 
125 cells, which have been designed in ad
vance, and information regarding all masks 
is stored in a computer-controlled graphic 
design system. A cell can correspond to the 
function of a standard curcuit. There are 
simple cells for gates and more complex 
ones for shift registers, counter blocks etc. 
When designing a circuit, the circuit dia
gram is divided into function blocks which 
correspond to the cells available in the lib
rary. The next stage consists of positioning 
the cells and arranging the connectors be
tween them. Programs for automatic posi
tioning and connection of cells are avail
able on the market. The cell method is con
siderably faster than full custom design. 
Moreover it does not require the detailed 
technical knowledge needed for the latter. 
The disadvantage of the cell library method 
is that the wafer surface is not utilized so 
well. 

Both full custom and cell library design re
quire that all masks are prepared and all 
process stages carried out individually for 
each type of circuit. 

Within the Ericsson Group the cell library 
method is used mainly by SRA Communi
cations AB. Hitherto the supply of good cell 
libraries has been inadequate. One reason 
is the high cost of the design and documen
tation work. In addition the cells become 
obsolete when better processes are 
developed. 

A cell library provides the system designer 
with the possibility of designing direct on 
the silicon. The LSI Design Center will 
therefore investigate the possibility of in-
troducting a satisfactory cell library at LM 
Ericsson. 

The array method 
The simplest and cheapest design method 
is to use prefabricated circuits that contain 
a number of transistors but no connections. 
The transistors are usually placed in 
groups of two or three. The groups are ar
ranged in rows and columns, an array. 

A drawing showing the physical position of 
all transistors in the circuit accompanies 
the array. The design work consists of con
necting the transistors in accordance with 
the circuit diagram. In order to obtain an 
individual circuit it is thus only necessary to 
design the mask that defines how the top 
metal layer must be etched to give the 
desired connections. All process stages 
except the etching of the last metal layer 
can be carried out in advance, and thus a 
prototype can be manufactured very quick
ly. However, this method does not utilize 
the wafer surface as well as the cell library 
method. 

A large number of semiconductor com
panies offer prefabricated arrays for diffe
rent speeds. The gate delay is less than 1 
ns for an ECL array and between 2 and 4 ns 
for a TTL array. An array with 1000 gates 
consumes 2 -3 W. Today the largest array 
circuits, with up to 5000 gates, are made in 
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Fig. 6 
Detailed testing of a circuit. 
A probe station is used for making measurements 
in a circuit. The probes are controlled by means of 
micro manipulators and can be positioned to an 
accuracy of 1 ^m. Normal laboratory instruments 
are connected to the probes 

CMOS, present-day technology gives 
delays of 5-15 ns, but a reduction to 3 -5 
ns can be obtained with processes that 
give a conductor width of 3 /xm. 

A CMOS array with 600 gates has been 
designed by the LSI Design Center. It 
differs from other array circuits in that it also 
contains a number of linear circuits, such 
as operational amplifiers and comparators. 

System designers who have to learn circuit 
design could most suitably start with array 
circuits. The designer needs computer aids 
(CAD) for logic simulation, for automatic 
test program generation and for automatic 
connection, in order to be able to work effi
ciently. LM Ericsson's resources in the 
CAD field, together with its considerable 
process know-how, enable the company to 
design its own CMOS array family in the 
size range above 2000 gates. 

CAD 
There are several computer aids for the 
design of semiconductor circuits. 

Logic simulators are used to verify that the 
designed logic diagram meets the func
tional requirements. They can also be used 
to check the ability of test programs to 
detect all possible types of faults. Programs 

for the generation of test programs are also 
available. 

A circuit simulator is used to study in detail 
the function of a small group of transistors. 

Layouts can often be prepared manually, 
but computer-controlled aids are usually 
employed in order to simplify the drawing 
work. Programs for automatic positioning 
and connection of cells are also available. 

Control programs are available for verifying 
that all design rules have been observed. 

Computer aids for the design work are ex
tremely important. The input of data and 
the interpretation of the results must be 
done in a way that seems natural to the 
designer. Large resources are rquired for 
the purchasing of aids and adaption or 
development of programs. 

Training 
The staff to be trained in LSI design are 
assigned to the LSI Design Center and 
given the task of designing a full custom 
circuit. Three people can be trained simul
taneously. They must first have taken a 
one-month course in the function of MOS 
transistors. This course is given by a con
sultant company which specialises in train
ing staff for semiconductor companies. 

Training in the use of array and cell library 
techniques are primarily provided by spe
cialists from design departments within the 
Ericsson Group. The LSI Design Center 
provides assistance for units having no 
specialists of their own. 

Effects on systems 
The use of custom design circuits can 
reduce the number of printed board assem
blies required for systems, since the cir
cuits need very little space. Furthermore 
the system speed can be increased be
cause of shorter connections. Less power 
is required to operate the equipment, and 
fewer external connections are needed. 
Greater reliability can therefore be expec
ted. 

Rules have been formulated, which take 
test requirements into consideration. By in
cluding these rules in the specification it is 
possible to improve the testing properties 
and to reduce the test times for circuits and 
printed board assemblies, which is of 
value, for example in debugging. 
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The processes which LM Ericsson now 
uses and plans to use for the manufacture 
of circuits are identical to processes used 
by at least one other semiconductor com
pany. This prevents the Group being de
pendent on a single supplier. 

The expected development in MOS techni
que will make it possible to produce, soon 
after the mid-1980s, dynamic memories 
with a capacity of a million bits. This corres
ponds to two million transistors per circuit. 
In order to be able to use this technique for 
logic circuits it will be necessary to develop 
well structured design methods. Such 
custom design circuits will be of importance 
for our systems of the future. 

Fig. 7 
Test of a chip on a 4" wafer. 
Faulty chips are coloured and rejected. Acceptable 
chips are passed on to the encapsulation stage. 
The figure shows the testing of a 4k static n-MOS 
memory manufactured in the MOS laboratory. The 
size of the chip is 3.3x4.1 mm. 
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ASB 900 in the Finnish 
Railway Network 

Pekka Koski 

The Finnish State Railways has its own telephone network, which has successively 
been modernized with LM Ericsson's crossbar exchanges. In a further modernization 
stage the exchange in Helsinki has been replaced by a code switch exchange, AKD 
792, with a transit stage AKM 302, and certain network centres are now being 
equipped with the stored-program controlled PABX ASB 900. A total of 14 such PABXs 
have been ordered, and six of these have already been put into operation. This 
modernization stage will be completed in 1982. 
In this article the author describes the development of the telephone network of the 
Finnish State Railways, how the network is used and also the motive and procedure for 
the modernization with the introduction of the ASB 900. 

UDC 621 395 74: 
621.395 34 (480) 

The total length of track in the network of 
the Finnish State Railways, VR (Valtion 
Rautatiet), is approximately 6000 km, fig. 1. 
In connection with the railway network 
there is a well developed telephony net
work, which is owned entirely by VR. 

Table 1 (next page) shows the telecom
munication requirements of the different 
branches of the railway activites, and also 

PEKKA KOSKI 
Finnish Stale Railways, VR 

that the telephone is the telecommunica
tion facility which is most frequently used. 

The rail traffic is supervised using point-to-
point connections, which are separated 
from the rest of the network. The greater 
part of the telephone network is automa
tized. 

The automatic telephone network 
of VR and its development 
The first automatic exchange was pur
chased for Helsinki, in the 1920s. All tele
phones for the Railway Board were con
nected to this exchange. All other tele
phone traffic in the VR network was 
handled by operators until the end of the 
1940s, when selector systems were in
troduced on several railway lines. In the 
selector systems several telephone sets 
are connected in parallel to pairs of wires 
which run between the stations. The station 
staff and linemen can then call each other 
automatically via equipment in the stations. 
The selector network, which is very econo
mical as regards lines, reached its max
imum size at the end of the 1960s, when 
about 1700 selector extensions were in 
use. 

By the beginning of the 1950s five automa
tic exchanges had been installed in the VR 
network. The three newest were LM Erics
son 500-line selector exchanges of type 
AGD. The traffic between the exchanges 
was handled by operators. This traffic grew 
and loaded the manual handling resources 
to an increasing extent. To improve the 
situation it was decided to automatize both 
local and transit traffic throughout the rail
way telephone network. 

In order to be able to implement the deci
sion it was necessary to increase the capa
city of the routes to the level required for 
automatization. Limited investment resour
ces meant that the modernization of the 
telephone network had to be spread over a 
long period. 

It was decided to remove the worst bottle
necks in the network by temporary through-
dialling equipment on lines between 
already installed automatic exchanges. 
Large manual exchanges were also con
nected to this through-dialling system. 

Fig. 1 
The railway network of the Finnish 
Qtato Railways 



Table 1 
The need of telecommuni
cations for different 
branches of the railway 
activities 

Telephone 
Teleprinter 
Radio 

Remote control 
Data terminals 
Signs, loudspeakers 

Traffic 
super
vision 

X 
X 
X 

X 

Passenger 
traffic 

X 

X 
X 

Goods 
traffic 

X 
X 

X 

Material 
purchasing 

X 
X 

X 

Main
tenance 

X 

X 

X 

Admini
stration 

X 
X 

X 

Fig. 2 
The telephone network of the Finnish State Rail
ways at the beginning of the 1970s 

Thus the operators in these exchanges 
could dial direct to the extensions in the 
automatic exchanges, without going via the 
operator at the automatic exchange. 

At the beginning of the 1960s the main 
stage of the automatization of the VR net
work was started, and by the beginning of 

the 1970s the telephone network included 
about 40 automatic exchanges. The tem
porary through-dialling system had by then 
been replaced by a permanent system, 
which was better suited to the telephone 
requirements of the railways. 

At this stage the automatic part of the tele
phone network had reached the extent 
shown in fig. 2. Its main features were that 
- crossbar exchanges were used through

out, with a few exceptions. The number of 
extensions and the position of the ex
change in the network decided the 
choice between LM Ericsson's ARD 321, 
ARD 326, ARD 331 and ARM 301. 

- all transit traffic had to go via the VR 
network. Only local calls were allowed on 
the lines between the VR exchanges and 
the public network. 

- cali connections between the A and B 
extensions were set up automatically 
without A having to know the route. Seve
ral alternative routes were arranged for 
the telephone traffic in order to improve 
the capacity and the reliability of the net
work. The choice of route for the connec
tion path was free. 

- because of the oblong shape of the 
telephone network a call could pass 
through as many as six transit ex
changes. A high signalling speed and 
good transmission quality were therefore 
necessary. MFC signalling was used in 
the trunk network, with four-wire through-
connection in the exchanges. 
- locally the exchanges operated as 

PABXs. 

The present telephone network 
of VR 
The telephone network of the Finnish State 
Railways now contains about 8000 auto
matic telephones and 1000 selector exten
sions. The network contains 50 automatic 
exchanges. In addition 11 manual ex
changes with a total of 200 LB extensions 
are connected to the network in the semi
automatic mode. 

The telephone network is also used for 
data traffic. If it is difficult or impractical to 
arrange a point-to-point data channel, the 
data terminal is equipped in accordance 
with CCITT Recommendation V.26 bis. A 
data circuit can then be connected up with 
the aid of a telephone set. Using the tele
phone network in this way has made further 
demands on the transmission quality. 

Transit exchange 

Group centre 

Terminal exchange 

Manual exchange 

Trunk line 
Junction line 
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During the years the VR telephone exten
sions have to a great extent been moved 
from function points along the railway lines 
to braching stations and regional admini
strative centres. This is partly because on 
certain railway lines the railway signalling 
system has been supplemented by remote 
control (CTC). The selector traffic has also 
decreased on such routes. 

On certain railway lines it was necessary to 
increase the capacity of the network when 
CTC was introduced. It was then possible, 
at a fairly low marginal cost, to obtain more 
channels for the telephone traffic. There 
were no difficulties in connecting the rail
way line telephones to the nearest ex
change. In certain cases it has then been 
possible to discard the selector tele
phones. The exchanges are placed at a 
distance of 40-50 kilometres along these 
railway lines. 

The cost of maintaining the selector tele
phone batteries is high. For this reason it is 
desirable to reduce the number of selector 
telephones. However, in certain, quite com
mon cases the selector system offers the 
only possibility of automatic selection. It is 
therefore desirable to retain the possibility 
of connecting selector lines to the ex
changes. 

Maintenance of railway lines with high 
traffic must be carried out without disturb
ing the traffic. This means that the work has 
to be divided up into carefully specified 
periods. In order to be able to use the pe
riods efficiently the work teams must be in 
radio contact with the traffic staff. It must 

also be possible to establish contact via 
radio and the telephone network. A radio 
communication system that operates in ac
cordance with this principle, so-called 
maintenance radio, has been developed 
for VR. The system operates with selection 
in both directions between radio and the 
telephone network. Connection between 
two radio telephones is either established 
direct or connected via the telephone net
work, depending on the distance. 

Guidelines for the modernization 
of the VR telephone network 
The operational activities of the railways 
cover a large geographical area. The long 
distances mean that the activities require 
good telephone circuits and rapid connec
tion. This in its turn means that the railway 
requires a whole network to itself. 

The automatization of the network has 
made the telephone service considerably 
more efficient. Further improvement can be 
achieved with the current modernization 
phase, the aims of which are to 
- introduce push-button dialling in a part of 

the telephone network 
- introduce abbreviated dialling, primarily 

for international calls. Abbreviated dial
ling gives faster calling and can, in com
bination with trunk traffic restriction, limit 
superfluous calls and thus reduce the 
telephone charges 

- make the signalling between exchanges 
faster through the introduction of MFC 
signalling in parts of the network other 
than the trunk network 

Fig. 3 
The building and mast of a radio relay link station in 
Ruukki 



Fig. 4 
Connection of the radio relay link and cable to the 
ASB 900 exchanges on the route Seinajoki-
Uleaborg 

R&H Intermediate station and branching point of the 
radio relay link 
Cable branching point 

- introduce other exchange functions 
which make telephony more efficient. 
Many of the desired functions are stan
dard features of the more recent types of 
PABXs. 

Another aim within VR is to rationalize the 
operation and maintenance of the tele
phone network itself. For example, it should 
be possible to change extension numbers 
without having to make alterations in the 
main distribution field. The possibilities 
offered by stored program control as re
gards centralized supervision of the net
work and fault localization are gradually 
being utilized. 

Modernization stage 1981-82 
The telephone network that was completed 
at the beginning of the 1970s contained 
exchanges with electromechanical compo
nents. These exchanges made it expen
sive and difficult to achieve the aims 
described in the previous section. 
However, many of these aims can be 
achieved, at an acceptable cost, with the 
aid of stored program control. 

The two largest exchange projects in the 
current modernization stage are Helsinki 
and Hyvinge. The exchange in Helsinki, 
which was of type ARD 331/ARM 301, has 

this year been replaced by a code switch 
exchange AKD 792/AKM 302, which in
cludes a stored program controlled number 
translator. The number translator is pri
marily used to register and process exten
sion data during the setting-up stage. 

In Hyvinge a 500-line selector exchange of 
type AGD will be replaced by an exhange of 
type ASB 900. ASB 900 exchanges have 
also been ordered for the 340 km long line 
Seinajoki-Uleaborg, which is now being 
electrified. On this line the whole telecom
munication system, including the selector 
lines, will be replaced by ten ASB 900 ex
changes. The former open wire line is 
being replaced by a radio relay link and a 
cable, to which the new exchanges will be 
connected, fig. 4. 

A total of 14 ASB 900 exchanges have been 
ordered. By May 1981 six had already been 
taken into service very successfully. The 
whole stage will be carried out by degrees 
during the years 1981-82. Fig. 6 shows 
how the ASB 900 exchanges will be con
nected to the electromechanical VR transit 
system. 

Features of ASB 900 
From the point of view of the extensions the 
main facilities offered by the new ASB 900 
exchanges in the VR network are: 

Fig. 5 
An ASB 900 exchange 

Fig. 6 
The method ot connecting the ASB 900 exchanges 
to the VR transit system containing crossbar 
switches 



179 

- facilities for tone frequency key sending, 
using push-button telephones, or deca-
dic impulsing, using dial sets. Both types 
of sets can be connected to one and the 
same exchange 

- five extension categories, from fully open 
extensions to those that are only allowed 
calls to other extensions in the exchange 

- abbreviated dialling 
- enquiry and transfer 
- add-on conference 
- diversion to a common answering posi

tion in the case of no answer 
- direct in-dialling from the public network 
- paging 
- group calls 
- follow-me 
- automatic call back. 

From the point of view of the telephone 
operator the functions of the new exchange 
type are versatile and help to speed up the 
handling of calls. This also applies for calls 
which, when necessary, are connected 
over the railway long-distance network by 
operators. 

Night service is available for calls both from 
the public network and over the VR junction 
lines. 

The ASB 900 exchanges in the VR network 
are equipped for MFC signalling in order to 
speed up connection over junction lines. 
Other signalling systems are also possible. 
A new signalling system can be introduced 
in the transit system by entering the corres
ponding program blocks in the exchange 
memories. 

The local extensions in the new ASB 900 
exchanges are numbered in groups, fig. 7. 

The first figure specifies the exchange to 
which the extension belongs. A group of 
exchanges has a common area code, 
which is used for calls from other groups. 
Good accessibility between the exchanges 
in a group is obtained by utilizing the facili
ties for alternative routing provided in ASB 
900. 

The junction lines are supervised, so that a 
line which is found to be faulty when a call 
attempt is made is automatically blocked to 
traffic and an alarm is given. 

The exchanges can be tested and their ex
tension data can be changed from termi
nals with typewriter keyboards. Such termi
nals are installed both in the exchange 
rooms and in remote operation and mainte
nance centres. Circuits for remote control 
of the ASB 900 exchanges are connected 
over the telephone network. 

The importance of ASB 900 to VR 
The introduction of the ASB 900 exchanges 
in the VR telephone network constitutes a 
new, decisive stage. The new exchanges 
offer the extensions better services and 
facilities than previous exchanges. How
ever, the maintenance characteristics are 
of greater importance. The stored program 
control offers new possibilities as regards 
maintenance. The staff can easily learn 
both the actual exchange technology and 
the maintenance principles. The modular 
structure of the hardware and, above all, 
the software in ASB 900 has contributed to 
the very successful changeover to stored 
program controlled operation by the Fin
nish State Railways. 

Fig. 7 
An example of the numbering system tor different 
trunk code areas 



AGA-ERICON - a Marine Radar Beacon 

Bo Morwing 

AGA-ERICON is a new type of radar beacon, developed by the Defence and Space 
Systems Division of LM Ericsson, in close collaboration with the Swedish Administra
tion of Shipping and Navigation. When the beacon intercepts pulses from an X or S-
band radar it gives a coded response at the frequency of the searching radar. New 
types of microwave semiconductors, together with extensive system studies, have 
made it possible to develop a product that meets most of the demands which can be 
made on a modern radar beacon. AGA-ERICON is now in series production and the 
marketing outside Sweden is handled by AGA Navigation Aids. 
In this article the author describes the demands made on radar beacons, the design 
and structure of AGA-ERICON and different applications. Operational experience has 
been obtained from the first AGA-ERICON, which was installed in October 1980, and it 
is most satisfactory. 

UDC 621.396.967: 
627.715 

Fig. 1 
Supertankers which are very difficult to manoeuvre 
transport oil products and minerals in shipping 
lanes along coasts where a wreckage could cause 
an environmental catastrophe. In unfavourable 
weather conditions efficient aids are needed to en
sure safe navigation 

The development towards ever increasing 
tonnage in modern shipping has accentu
ated the need for advanced navigational 
aids to improve safety at sea. More than 
3000 ship collisions and groundings occur 
each year in North European waters. Ap
proximately the same number of accidents 
occur along the coasts of the USA and are 
estimated to cost shipping lines more than 
3 billion US$ per year. Supertankers load
ed with oil or other chemicals represent 
large sums and also constitute potential 
threats to marine ecology, fig. 1. Amoco 
Cadiz, Torrey Canyon and Argo Merchant 
are just a few names associated with en
vironmental catastrophes. 

Conventional navigation aids, such as 
lighthouses, buoys and navigation markers 

are today not sufficient to ensure safety. 
The largest ships require information at a 
distance of over 10 nautical miles in order to 
be able to manoeuvre out of dangerous 
situations. 

New systems for reducing the risk of acci
dents at sea are being developed or plan
ned. Among other things radar beacons, 
also called racons, have attracted an in
creasing amount of interest during the last 
decade, and the number of installations is 
expected to grow rapidly. In parallel with 
further development of conventional racon 
types, systems are being studied which 
would present the racon response on the 
ship's radar indicator without the normal 
radar picture being displayed. Strong land 
echoes and sea clutter can mask the re
sponse from present-day racons. 

Racons 
Radar is an invaluable navigation aid for 
shipping. In difficult weather with reduced 
visibility the radar is often the only instru
ment that enables ships to move in busy 
waters. The range of a large ship's radar is 
usually over 20 nautical miles, which 
means that action can be taken at such an 
early stage that dangerous situations can 
be avoided. 

However, radar has certain limitations. The 
echoes from small buoys and navigation 
markers are often masked by noise or sea 
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Fig. 2 
In many situations it can be difficult to distinguish 
and identify specific targets on the radar display. 
The echo from a navigation buoy can easily be 
confused with an echo from a small ship 

clutter, and in complicated passages the 
display can be difficult to interpret, fig. 2. 
Ever since radar was introduced there has 
therefore been a need for equipment which 
can improve the possibility of detecting 
specific targets and also make identifica
tion easier. Passive reflectors, which give a 
larger target area, were available quite 
early on and they are still widely used. 
However reflectors only give a stronger 
echo and do not make identification any 
easier. 

In order to meet both demands some type 
of active equipment was required which 
could respond at the frequency used by the 
searching radar, the response being coded 
or modulated, fig. 3. Many different solu
tions were suggested and tested. This type 
of equipment was designated radar beacon 
or racon. 

Radar frequencies 
The main difficulty proved to be returning a 
response at the frequency of the searching 
radar. Different ship radars operate at 
different frequencies in the frequency 
bands allocated to shipping, fig. 4. 

The receive bandwidth of the radar is in the 
order of 10 MHz or approximately 5-10% 
of the allocated frequency band. Some 
type of tunable oscillator is required in the 
racon if it is to be able to serve all ships 
within its range. 

Slow sweep racon 
The first racon in practical use was the slow 
sweep racon, fig. 5. An oscillator con
nected to the common transmit receive an
tenna is swept slowly over the frequency 
band in question. When the racon receives 

radar pulses from a ship it responds mo
mentarily with an extended pulse at the 
frequency that is generated by the oscilla
tor at that moment. Since the oscillator con
tinuously varies its frequency over the 
whole of the radar band, all ships will at 
some time have their radar frequency 
matched by the racon, and the racon 
response will then be shown on the indica
tor, superposed on the normal radar 
display. The sweep rate of the oscillator 
and the bandwidth of the radar receiver are 
the factors that determine how often and for 
how long the racon response will be 
displayed. 

The whole frequency band is usually swept 
in about 2 minutes, or at a rate of 1.5 MHz/s, 
which means that the racon response is 
displayed every second minute, for 5 to 10 
seconds. The low updating rate and the 
short display time necessitates incessant 
radar observation. In spite of this weakness 
most present-day racons are of the slow 
sweep type. 

Fast sweep racon 
In a fast sweep racon the oscillator frequen
cy is swept over the frequency band at a 
high speed and frequency matching be
tween the racon and a ship's radar will oc
cur several times during the radar sweep, 
fig. 6. 

Each time the racon oscillator sweeps over 
the radar receive band a dot-shaped in
dication is obtained on the indicator. Since 
the racon frequency is not swept synchron
ously with the transmitted radar pulses, 
and since the racon response is received 
for up to 25 sweeps during an illumination 
period, the overall effect of the response 

Fig. 3 
If the buoy is equipped with a racon its position and 
identity can be determined unambiguously 

Fig. 4 
The frequency bands allocated to civil marine radar 

Fig. 5 
The principle of the slow sweep racon 

Racon oscillator 
frequency 

Fig. 6 
The principle of the fast sweep racon 

Racon oscillator 
frequency 
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dots is seen as a diffuse line on the indica
tor. 

Thus the fast sweep racon offers a prac
tically continuous display of the racon 
response at the cost of a weak response 
signal in the radar receiver. The low re
ceived power means that the racon 
response is often masked by noise, rain or 
sea clutter. There is no easy way of encod
ing the response of the fast sweep racon. 
Today there are only a few fast sweep ra-
cons in operation. 

Frequency agile racons 
Recent technical development has made it 
possible to design a new type of racon 
which meets most of the demands made on 
a modern radar beacon. When the new 
type, called frequency agile racon, receives 
a radar pulse it responds at the same fre
quency with a high degree of frequency 
accuracy and with little delay. The length of 
the response signal can be varied, and it 
can easily be coded in Morse or some other 
system. Since the racon always responds 
at the frequency of the searching radar, the 
whole of the transmitted power is available 
for the response This reduces the sen
sitivity to different types of clutter. The wait
ing time between responses is short and 
the racon response can be displayed dur
ing each antenna rotation. 

AGA-ERICON is the first racon of this type 
and it has attracted much interest on the 
international market. Development of simi
lar racons has started in other countries. 

Side lobe interference 
Large radar antennas are required in order 
to obtain good angular resolution and bear
ing accuracy. Large ships usually have 9-
12 foot antennas with lobe widths of less 
than one degree, whereas small boats 
have 3-foot antennas or less, with lobe 
widths of 2 - 3 degrees. Fig. 7 shows a 
typical antenna diagram with small lobes, 
so-called side lobes, in other directions 
than the required one. 

The smaller the antenna, the worse the 
ratio between main lobe and side lobes. At 
short distances the power transmitted in 
side lobes can be sufficient to activate a 
racon. The ship's indicator will then present 
racon responses in many false directions, 
and at close range the side lobe inter
ference can completely blanket the normal 
radar picture. Built-in suppression of side 
lobe responses was therefore a prere
quisite in the development of AGA-
ERICON. 

S-band racon 
International recommendations and cer
tain national regulations specify that large 
ships must have two radar systems. During 
recent years the S-band radar has become 
increasingly popular, and large new ships 
are equipped with both X and S-band radar 
as standard. It seems natural to comple
ment the better resolution at close ranges 
offered by the X-band radar with the superi
or weather properties of the S-band radar, 
fig. 8. In certain cases two S-band radars 
are used. 

Fig. 7 
The drawing to the left shows a typical antenna 
diagram, and the picture to the right shows the 
effect of side lobe activated racon response on the 
ship's radar display 



Fig. 8 
A passenger ferry with radar antennas tor the X and 
S bands. The S-band antenna is at the top 

In many situations the radar is the only 
instrument that enables the ship to navig
ate. A radar fault can mean that further 
movement is made impossible or ex-

tremely dangerous. From the point of view 
of safety it is therefore extremely important 
that future racon systems can serve all 
ships, regardless of the type of radar car
ried or in operation. Today there are only a 
few S-band racons in operation. 

Thus another prerequisite for the develop
ment of AGA-ERICON was that it should be 
able to serve both X and S-band radars. 

Functional description 
The block diagram in fig. 9 gives a general 
picture of the signal flow between the 
various function blocks in AGA-ERICON. 

The X-band unit contains the receive cir
cuits for sensing the level and frequency of 
the received radar pulses, and also the 
functions for generating the response sig
nal at the frequency of the received radar 
pulse. 

The S-band unit converts received S-band 
pulses to the X band for signal analysis and 
frequency regeneration. The response sig
nal is then converted back to the S-band, 
amplified and sent out via the omnidirec
tional S-band antenna. 

The control unit contains programmable 
circuits for different operational modes and 
for the generation of the response code, 
and also control circuits for adaptive regu
lation of receiver sensitivity. 

The side lobe memory is used to prevent 
the racon from responding to radar pulses 
transmitted in the side lobes of the ship's 
antenna. Each ship in the vicinity of the 
racon is given a "frequency identity" which 
is stored in a special frequency memory. 
The power level and frequency of the re
ceived pulses and their status in the mem
ory then decide whether the racon will re
spond or not. 

The d.c./d.c. converter converts a primary 
voltage of between 9 and 35 V to four stabi
lized secondary voltages. 



Fig. 10 
Receiving, left. 
On the receive side the information concerning the 
frequency of the radar pulse is stored for 50 ns after 
detection 

Fig. 11 
Frequency regeneration, right. 
During the frequency regeneration the racon 
oscillator frequency is adjusted in a closed loop to 
match the frequency of the received radar pulse. 
The building-up time is approximately 0.3 ,is 

Fig.12 
Transmitting. 
0.4 /iS after the radar pulse has been detected, the 
racon can respond with an extended coded pulse at 
the frequency of the received radar pulse 

Fig.13 
Encoding. 
15 out of 16 time slots can be encoded, by means of 
switches, to provide any radar pulse response. The 
code shown in the figure is the Morse character W 

Receiving 
The racon receives radar pulses, via om
nidirectional antennas, from ships in the 
vicinity. The pulses are amplified in a limit
ing amplifier chain, fig. 10, and then fed to a 
frequency discriminator. The discriminator 
gives an analog voltage which is propor
tional to the frequency of the received radar 
pulse. At the beginning of the amplifier 
chain a part of the radar pulse power is 
diverted and detected, and the level is 
sensed in two threshold circuits. The lower 
threshold, TRLL, determines the racon ac
tivating level, whereas the upper threshold, 
TRLH, controls the side lobe suppression 
of the racon. The difference in threshold 
levels corresponds approximately to the 
ratio between the main and side lobe level 
from normal ship radar antennas. The out
put value of the frequency discriminator is 
stored in a hold circuit for a certain time, 
0.05 /AS, after the detection of a radar pulse. 
The stored voltage value is a measure of 
the frequency of the received radar pulse. 

Frequency regeneration 
During the time that the frequency value is 
stored, the first part of the amplifier chain is 
switched off and a voltage-controlled 
oscillator is started, fig. 11. A part of the 
output power from the oscillator is fed to the 
frequency discriminator via the last ampli
fiers in the receive chain. The analog out
put voltage of the discriminator corres
ponds to the momentary oscillator 
frequency. The discriminator output signal 
is compared with the stored frequency 
value in a differential amplifier. The resul
tant output signal adjusts the frequency of 
the voltage-controlled oscillator until the 
difference signal at the input to the differen
tial amplifier becomes zero. The oscillator 

frequency then matches the frequency of 
the received radar pulse. The frequency 
regeneration takes approximately 0.3 /us 
and this time does not depend on the fre
quency of previously received pulses. 

Transmitting 
The oscillator output signal is fed via trans
mit amplifiers, fig. 12, to the omnidirectional 
antenna, and approximately 0.4 jus after a 
radar pulse has been received the racon 
can respond with an extended pulse at the 
received frequency and at an increased 
power level. The delay of 0.4 MS gives a 
distance error of 60 m, which is negligible in 
most cases. The response pulse, which 
has a maximum duration of 25 i*s, is shown 
on the ship's indicator as a radial line with a 
length of two nautical miles. 

The receiver is shut off for 75 /AS after a 
pulse has been sent, in order to prevent 
self-triggering. Thus the racon can deter
mine the frequency of and respond to 
received radar pulses at the rate of 10000 
pulses per second. 

Encoding 
The response from AGA-ERICON can be 
encoded, fig. 13, to give one Morse charac
ter or a combination of several characters. 
The pulse length of 25 /xs is divided into 16 
time slots, which can be programmed in
dividually. 

The programming is carried out in the 
racon control unit. The figure shows the 
radar display of an AGA-ERICON re
sponse coded to a Morse "W". 

The basic version of AGA-ERICON uses 
adaptive regulation of the receiver sen-

Fig. 14 
The normal coverage of the basic version of AGA-
ERICON extends to the radar horizon (left). During 
the time a ship passes close by, the sensitivity of 
the racon receiver is reduced in order to avoid side 
lobe activation. This means a temporary reduction 
of the range (right) 



Fig. 17 
Calculated ranges as a func t i on of the height at 
which the racon is moun ted 

A: Small X-band radar 
B: Medium X-band radar 
C: Large X-band radar 
D: Large S-band radar 

Pulse power 
(kW) 
3 

25 
50 
60 

Antenna 
(m) 

5 
20 
40 
40 

Fig.18 
Calculated mean power consumption for the 
different versions of AGA-ERICON as a function of 
the number of ships within range 

Fig. 16 
The 60-second opera t ing cyc le of the racon can be 

p rog rammed for di f ferent operat iona l modes wi th 

vary ing intervals 

SLS Side lobe suppression 
NR Non-restrictive 

Fig. 15 
An AGA-ERICON wi th a s ide lobe memory sup
presses s ide lobe responses to nearby sh ips and at 
the same t ime prov ides coverage to the radar 
hor izon 
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sitivity in order to avoid triggering by side 
lobes. Nearby ships give high levels in the 
racon receiver. When a ship has come so 
close to the racon that its pulses exceed the 
upper threshold, TRLH, there is a risk of 
side lobe triggering, fig. 14. The output sig
nal from the threshold circuit is integrated 
and drives a voltage-controlled attenuator 
in the receiver input circuits. The attenua
tion is increased until no pulses above the 
upper threshold are detected. The reduc
tion of the receiver sensitivity means that 
the coverage of the racon is reduced tem
porarily. The range is reduced to approx
imately 20 times the distance to the nearest 
ship. When the nearby ship has passed, 
the sensitivity is restored to normal level 
after a certain period of time. 

AGA-ERICON can be equipped with a spe
cial side lobe memory if the operational 
requirements demand maximum range 
even when ships are passing close by. 
Ships in the range of the racon are given an 
identity which is based on the frequency of 
the received pulses. The analog frequency 
value at the discriminator output is A/D con
verted to 8 bits and if the received pulse 
exceeds the upper threshold TRLH the 
digital frequency value is stored in a special 
frequency memory. When pulses are 
received that exceed only the lower thresh
old, TRLL, the memory is read. If the fre
quency is found in the memory the re
sponse is blocked. The frequency memory 
is erased and updated twice every minute. 

Operation 
AGA-ERICON can be programmed for 
different operational modes, which meet 
different operational requirements. The 
racon is passive for at least nine seconds 
during each 30-second interval in order to 
ensure that the racon response shall not 
hide other echoes of interest. The passive 
period can be increased to 24 seconds in 
steps of 3 seconds. During the active peri
od the racon responds, with suppression of 
side lobe responses. The adaptive sen
sitivity regulation means that distant ships 
can temporarily lose contact with the racon 

when a ship passes close by. The racon 
can therefore be programmed for a "non-
restrictive operational mode" during 3 or 6 
seconds every minute. This ensures a 
basic availability for all ships in the normal 
coverage area of the racon, but nearby 
ships can then suffer side lobe interfe
rence, fig. 16. 

Availability 
One of the most essential characteristics of 
a racon is its availability, i.e. how often it can 
be seen and for what length of time. The 
way AGA-ERICON operates, establishing 
the frequency of the received radar pulse 
and responding at the same frequency, 
means that a racon response can be given 
for each antenna rotation. Since each re
ceived radar pulse is treated individually, 
AGA-ERICON can deal simultaneously 
with what is in practice an unlimited number 
of ships. 

The range is determined by how high the 
racon and radar antenna are mounted, and 
the output power of the radar. Fig. 17 shows 
the range of AGA-ERICON as a function of 
the height at which it is installed, for four 
different types of ship radar. 

Voltage supply 
Many isolated lighthouses and most light 
buoys are today powered by batteries or 
chargeable accumulators with a limited 
capacity. The cost of changing batteries or 
accumulators is high, which means that the 
electrical apparatus installed in such units 
must have low power consumption. 

All versions of AGA-ERICON require a pri
mary input voltage in the range 9-35 volts. 
The mean power consumption is depen
dent on type, programming and traffic in
tensity. Fig. 18 shows the calculated mean 
power consumption for the different ver
sions as a function of the number of ships 
within range of the racon. The calculations 
are based on a racon programmed to res
pond for 15 seconds during each 30-se
cond interval. 



Fig.19 
AGA-ERICON equipped with the S-band subunit 
and side lobe memory 

Fig. 20 
Small-signal amplifier with two GaAs-FET transis
tors 

Fig. 21 
An X-band cassette with integrated microwave 
modules 

AGA-ERiCON -
construction and technology 
AGA-ERICON has a modular structure. 
Five subunits can be combined to give four 
different versions: 
UKT 10101 X-band racon with adaptive 

sensitivity regulation 
UKT 10102 X + S-band racon with adaptive 

sensitivity regulation 
UKT 10103 X-band racon with side lobe 

memory 
UKT 10104 X + S-band racon with side 

lobe memory 

A basic version can quite easily be equip
ped with additional facilities on site at any 
time. Subunits can be replaced or added 
without any readjustments of the other 
subunits being necessary. 

Fig. 22 
When navigating by radar in areas where oil is 
being extracted it is often difficult to orientate one
self and identify specific targets. Ships at anchor 
and fixed platforms give similar echoes on the 
radar indicator. The relative positions of different 
installations can change from one visit to the next. 
Racons with different response codes installed on 
stationary platforms give easily identifiable 
reference points and reduce the risk of disastrous 
navigational errors. In the case of a gas leak or other 
dangerous situations on a platform a racon with a 
specific response code can warn approaching 
ships 

The subunits are mounted in magazine and 
are connected together by means of cab
ling at the rear. Semi-rigid coaxial cables 
are used for RF connections to the antenna 
system and between the microwave cas
settes. The magazine is mounted under
neath a sturdy flange made of anodized 
aluminium, with feed-through connectors 
for the power supply cable and coaxial ca
bles to the antenna system. The magazine 
is protected by a strong container made of 
anodized aluminium. It is screwed on to the 
flange and the joint is sealed, fig. 19. 

The flange also contains a dessication cap
sule with colour indication. The antennas 
are mounted on top of the flange and are 
covered by a radome made of structured 
cellular plastic. 

Technology 
The quality standards applied for the devel
opment and manufacture of AGA-ERICON 
are those used by the division for military 
electronic equipment. A main customer re
quirement for this type of equipment is high 
reliability, since it often has to be installed in 
isolated and inaccessible places, where 
replacements and repairs would be costly. 
The MTBF for the most extensive version is 
calculated to be 25 000 hours. 

The electronic functions in the microwave 
units are built on printed circuit boards 
made of a teflon-based substrate, using so-
called microstrip technique. One circuit, the 
frequency discriminator, is built up on a 
ceramic substrate. 

In the X-band unit all amplifiers and the 
oscillator are built up of GaAs-FET transis
tors, a type of semiconductor components 
that has only recently come on the market. 
This type of transistor provides a con
siderably improved basis for advanced sig
nal processing at the high microwave fre
quencies at a reasonable cost, figs. 20 and 
21. 

Bipolar transistors are used for the ampli
fiers in the S-band unit. The local oscillator 
in this unit has a dielectric resonator, which 
gives high frequency stability and small 
dimensions. The side lobe memory, the 
control unit and the voltage converter are 
built up on the standard boards of the BYB 
construction practice, with through-plated 
holes and protective lacquer on both the foil 
and component sides. The digital microcir-
cuits are with few exceptions ceramically 
encapsulated. 
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Frequency 
range 
Frequency 
accuracy 
Output power 
Response 
delay 
Receiver 
sensitivity 
Maximum 
response rate 

Antenna data 
Polarisation 

Gain 
Direction 

Vertical lobe 
angle degrees 

Power supply 
Input voltage 

GHz 

MHz 
W 

MS 

dBm 

X-band 

9.32-9.50 

<2 
1 

0.4 

-40 

pulses/s 10 000 

dBi 

VDC 
The power connection i 
lightning protection and 
interference 

Power consumption 
UKT 10101, 
UKT 10102 

UKT 10103, 
UKT 10104 

Dimensions 
Diameter 
Height 
Weight 

W 

W 

mm 
mm 
*g 

Horisontal 

4 
Omni
directional 

>18 

9-35 

S-band 

2.92-3.10 

<2 
0.5 

0.45 

-33 

10 000 

Horisontal 
and vertical 
0 
Omni
directional 

>20 

9-35 
s equipped with internal 
is filtered against RF 

1-3 depending on 
programmi ng and 
traffic intensity 
7-9 depending on 
programmi ng and 
traffic intensity 

X-band 
440 
655 
20 

X+S-band 
440 
895 
23 

Fig. 23 
Very precise navigation is required in narrow 
passages and complicated waters. The multitude of 
echoes from rocks, skerries and small boats makes 
the radar display difficult to interpret, but the posi
tion and identity of navigation marks equipped with 
racons are quite unambiguous 

Applications 
During recent years the use of racons as 
navigational aids has attracted an increas
ing amount of interest, and many new ap
plications have also been suggested. The 
development of new types, among them 
AGA-ERICON, which offer greater avail
ability in difficult weather conditions, with 
less risk of interference, is expected to 
bring a further increase in the interest 
shown. 

In narrow passages, on bridges or on large 
lighthouses in harbour entrances the AGA-
ERICON is able to provide information from 
short distances, less than 100 metres, right 
out to the radar horizon, without obscuring 
the radar pictures of nearby ships with side 
lobe responses. 

Newly discovered navigation obstructions, 
such as drifting sandbanks and ship
wrecks, can be marked with buoys equip
ped with racons. Since AGA-ERICON has 
a high response frequency and responds 
on both frequency bands it is most likely 
that the radar observer notices the unex
pected danger, regardless of which system 
he happens to be using. 

Operational experience 
In October 1980 a prototype of AGA-
ERICON was installed on Trubaduren, a 
caisson lighthouse at the entrance to the 
harbour of Gothenburg, on the west coast 
of Sweden (the cover picture). It replaced 
an older, slow sweep X-band racon and a 
fast sweep S-band racon. It is programmed 
to respond for 30 seconds per minute and is 
equipped with a side lobe memory. 

At the time of writing this article the AGA-
ERICON prototype has functioned fault
lessly for 10 months, to the great satisfac
tion of the ships' officers who have made 
use of it. An enquiry on the ferries running 
between Gothenburg and Fredrikshavn 
(Denmark) has shown that the racon 
response is usually visible at a distance of 
18 nautical miles, sometimes at up to 22 
nautical miles, and in spite of the ships 
passing close to Trubaduren no problems 
with side lobe interference have been 
reported. The displayed racon response 
was considered to be clear, and the general 
impression was that the availability was 
good or very good. 



A Cooling System for 
Electronic Telephone Exchanges 

Ragnar Almquist 

LM Ericsson have developed a system for cooling electronic telephone exchanges. 
It differs from conventional systems in that water is used instead of air to remove the 
dissipated heat from the exchange premises. In particular this makes it possible to 
store the coolant and so ensure operation during a mains failure. 
The author deals with the general requirements which must be satisfied when cooling 
electronic telephone exchanges and describes the function of the system and its units. 
The article shows how these requirements are met. Finally the advantages of the 
system are listed. 

UDC 621 395.34: 
621.3-71 
697 97 

Electronic telephone exchanges take up far 
less space than electromechanical sys
tems. Power consumption is not reduced 
proportionally and the amount of heat radi
ated per unit area will be higher, which 
means that the cooling system is of in
creased importance for the functioning of 
the telephony system. If cooling is interrup
ted, the temperature in the exchange room 
rises. If the temperature exceeds the per
mitted value, there is a risk of disturbances 
in operation and should the temperature 
continue to increase, components may be 
damaged. 

A cooling system for electronic telephone 
exchanges should meet the following re
quirements: 

High reliability 
High reliability is sought in electronic sys

tems. To ensure this, it is important that the 
reliability of surrounding equipment, such 
as the power supply system and the cooling 
system, should be on a par with the tele
phony system. 

Coolant reserve 
The cooling system should function even 
when the switching equipment is powered 
from the exchange battery because of a 
mains failure. 

Simple extension 
It can be difficult to forecast the rate at 
which a telephone exchange will be ex
tended and what its final capacity will be. It 
may not be expedient to install a cooling 
system for the planned final capacity right 
from the initial stage. The cooling system 
should therefore be modular so that it can 
be extended at the same rate as the ex
change. 

Minimum of maintenance 
It is possible to concentrate the operation 
and maintenance activity for SPC ex
changes to a small number of centres and 
leave the exchanges unmanned. Mainte
nance of the cooling system, which should 
not require special training, should there
fore be restricted to limited service at regu
lar intervals. 

Fig. 1 
All cooling of the electronic equipment takes place 
by means of self-convection (without fans for 
forced air circulation). This method gives effective 
cooling and a quiet and draught-free environment. 

Red arrows: Warm air 
Blue arrows: Cold air 
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Fig. 2 
The cooling coils in the exchange room are located 
above the aisles between the equipment suites. All 
central cooling equipment is placed separately, 
possibly out-of-doors 

Simple installation 
Electronic telephone exchanges do not 
take long to install. So a cooling system 
should be simple and easy to set up. Exist
ing buildings should require no or only 
minor modifications, and the amount of 
space required should be small. 

Functional description 
LM Ericsson's electronic telephone sys
tems have components mounted on prin
ted board assemblies and these are 
grouped in magazines. The heat which the 
components dissipate must be removed. 
The packaging structure is designed for pa
rallel cooling. This means that air enters 
each magazine from the front, takes up the 
heat while passing through it and rises by 
convection through a duct at the back, fig. 1. 

Before being recycled through the maga
zines the heated air must be cooled. To do 
this the air is passed through cooling coils 
located above the aisles between the rack 
suites, fig. 2. 

Fig. 3, below 
The principles of the water cooling system 
a. Functional block diagram 
b. Reliability block diagram 
When there is a failure in any part of the system, the 
cooling process stops. Reliability calculations 
show that the failure frequency, that is, the number 

of failures per year of such duration that there will 
be a risk of operational disturbances in the switch
ing system, amount to 0.6: this means that a failure 
can be expected about once every two years. When 
the mains voltage is unreliable and without an 
emergency power supply, the failure frequency in
creases to 2-3 failures per year 

As the density of the air alters when there is 
a change in temperature, natural convec
tion occurs and no fans are required to 
keep the air moving. 

Water, circulated in a closed system, is 
used to remove excess heat from the ex
change room. The principle for a simple 
water cooling system can be seen in fig. 3a. 
The system has three functional blocks: the 
cooling unit, the pump with a mixing valve, 
and the cooling coils. Water passes 
through the cooling coils which function as 
heat exchangers between the air and the 
water. 

In the cooling unit the temperature of the 
water is reduced to about 8°C. The cold 
water is mixed with water returning from the 
exchange room and is pumped to the cool
ing coils. The ratio between cold water and 
returning water is regulated by the mixing 
valve controlled by the temperature moni
tor in the exchange room. In this way the 
temperature can be kept at a constant 
level, for instance 25°C. 

This system design corresponds to the 
usual solution with conventional air condi
tioning systems. As each part of the system 
is important for the cooling function, only a 
limited degree of reliability is obtained. This 
is shown in the reliability block diagram, fig. 
3b. 



Example of temperature characteristics with and 
without a coolant reserve. The example refers to 
exchange premises that are fully utilized. In this 
example the battery and coolant back-up have been 
calculated for the same reserve period 

Temperature limit for non-destruct 
Temperature limit for secure function 
Temp, characteristics without coolant reserv 
Temp, characterstics with coolant reserv 

Fig. 4 
Cooling system with redundant equipment 
a. Functional block diagram 
b. Reliability block diagram 
A complete system with coolant reserve has a cal
culated failure frequency of 0.0007 failures per year. 
When the mains voltage is unreliable and without a 
back-up power supply the failure frequency in
creases to 0.02 failures per year 

Water circulation during normal operation 
• Water circulation when there is a mains failure 

Redundancy gives high reliability 
Reliability is considerably increased by 
having several cooling units, by designing 
the system so that cooling requirements 
are met even if one of the cooling units 
should be out of operation, and by dividing 
the cooling coils into at least two circuits; in 
other words by introducing redundancy, fig. 
4a. The cooling coils are distributed be
tween the circuits so that the system can 
hold the temperature below the maximum 
permitted value even if one circuit is out of 
operation. 

In redundant systems the reliability of the 
a.c. current supply is critical, fig. 4b. If cool
ing is to be retained during a mains failure, 
either a reserve power supply (preferably 
with redundancy) or some form of coolant 
reserve will be required. 

Water tank as coolant reserve 
To permit the system to function when there 
is a mains failure it has been supplied with a 
cold water tank, fig. 4a. During normal 
operation some of the water from the cool
ing unit will circulate through the tank keep
ing the temperature of the water to about 
8C. During a mains failure, that is when the 
cooling unit is not working, cold water is 
taken from the tank. The pump and the 

mixing-valve-control circuits are powered 
from the exchange battery. The coolant 
reserve in the tank corresponds to the 
power reserve in the exchange battery. The 
increase in temperature with and without a 
coolant reserve is shown in fig. 5. The 
reliability block diagram for a complete 
cooling system is shown in fig. 4b. This 
system guarantees extremely high reliabili
ty and is recommended for large telephone 
exchanges. 

The units 
The cooling unit 
The cooling unit contains a compressor, an 
evaporator and a condensor, fig. 6. It is 
powered from the mains. After a mains 
failure, the unit starts automatically when 
the voltage has stabilized. Pressure, water 
flow and temperature are monitored, and 
an alarm is generated if a fault occurs. 

Pump with mixing valve 
The pump and the mixing valve form one 
unit. The pump motor operates on a.c. from 
an inverter which is powered from the ex
change battery. The temperature monitor 
in the exchange room controls the mixing 
valve. The function of the unit is monitored, 
and an alarm is generated if a fault occurs. 
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Fig. 6 
Cooling unit consisting of a compressor, an evapo
rator and a condensor as well as control and super
vision equipment 

Fig. 7 
Control and supervision. 
The LM Ericsson cooling system continually moni
tors all important functions 

Water tank 
The water tank, made of stainless steel, is 
available in a standard size and designed 
for easy installation. The required tank 
volume is obtained by connecting a num
ber of tanks in parallel. 

Water distribution network 
The water is distributed through flexible 
plastic tubes of a new design. The material 
selected prevents oxygen diffusion and 
thereby also corrosion and the formation of 
algae in the system. 

The water is pumped to the distribution 
tubes and from these, through the flexible 
plastic tubes via individual gate valves to 
the cooling coils, fig. 7. Each pump unit, 
together with the distribution tubes, gate 
valves and cooling coils, forms a separate 
cooling circuit. Each circuit can be equip
ped with automatic cut-off valves which 
turn off the water supply if a leak should 
occur. 

Control and monitoring 
The cooling system is continually moni
tored, fig. 7. The printed board assembly 

containing the control and monitor function 
is powered from the exchange battery. 

The internal monitoring system for each 
cooling and pump unit is connected to a 
central device containing the alarms and 
control equipment for the whole system. 
This device can connect stand-by units if a 
failure should occur. A failure in the control 
device cannot affect the function of the 
system. From the control device, alarm sig
nals can be sent to alarm displays in the 
control room and passed on, via the ex
change equipment, to a centrally-located 
operation and maintenance centre. 

System design 
Minimal risk of water leakage 
Despite the great advantages water has as 
a coolant, there has been little enthusiasm 
for its use in telecommunications because 
of the leakage risk. When developing the 
LM Ericsson cooling system great care has 
been taken to minimize this risk. Before 
being taken into operation the system is 
tested with an overpressure many times 
greater than the pressure used in opera-
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tion. The chance of a leak occuring is very 
slight because of the low pressure, nor
mally about 0.3 kg/cm2, and the minimal 
temperature variations. The probability of a 
fracture in a tube or cooling coil can be 
disregarded. The parts of the system re
quiring most attention are the junction 
points. 

The design incorporates the following 
safety features: 
- the number of junction points has been 

reduced to a minimum 
- only tried and tested junction technology 

has been used 
- the cooling coils and junction points are 

located between the rack suites and not 
over the switching equipment 

Fig. 8 
The cooling coils are mounted above the aisles 
between the equipment suites 

- a moisture-sensitive strip has been 
placed along the water tubes in the ex
change room. Moisture alters the resis
tance between two conductors enclosed 
in the strip, and this causes an alarm. The 
LM Ericsson cooling system can also be 
supplemented with equipment which 
automatically turns off the water supply 
to a faulty coolant circuit. 

Fresh-air unit controls the humidity 
Fresh-air ventilation is needed in the ex
change room to provide a good working 
environment. This is supplied by means of 
a separate unit. The unit adjusts the tem
perature of the incoming air to 25°C and the 
relative humidity is kept at 50%. Overpres
sure in the exchange room prevents dust 
and heat leaking in. 

Small differences in temperature 
prevent condensation 
All parts of the system where the water 
temperature is lower than 15°C are insul
ated. The temperature in the exchange 
room is kept at 25°C and the relative 
humidity at 50%. This means that there is 
no condensation risk, since the tempera
ture in uninsulated parts of the system ex
ceeds the dew point by a considerable 
margin. 

Easy to extend because 
of the modular design 
When additions are made to the switching 
equipment and the cooling requirement ex
ceeds the capacity of the system, it can 
easily be extended. New cooling units and 
tanks are connected in parallel to those 
already installed. 

New pump units and cooling coils form new 
circuits. For small extensions it is sufficient 
to connect new cooling coils into existing 
circuits. All such work can be carried out 
while the system is in operation without 
interfering with the cooling function. The 
system can be extended from a few units to 
a very large, theoretically unlimited num
ber. 

Simple installation 
When developing the system emphasis 
has been placed on simple installation and 
small space requirements. 

The cooling coils are located in frames 
mounted on the exchange structure, fig. 8. 

The flexible plastic tubes for water circula
tion inside the exchange room are placed in 



Fig. 9 
In temperate climates, one or several cooling units 
can be replaced by a heat exchanger between the 
outdoor air and the water. The only moving part in 
the heat exchanger is a fan. The system is extremely 
reliable and cheap to run 

standard cable chutes. Only 50 cm free 
ceiling height is required above the ex
change equipment, and the ceiling design 
is of no importance. 

The cooling unit, the water tanks and pump 
units should be located in a separate cool
ing equipment room. The water flows be
tween this room and the exchange room in 
flexible plastic tubes placed in normal cable 
ducts. 

All the units in the equipment room are 
designed to be located out-of-doors, under 
a screen roof or in a separate container. 

All units have been tested in the factory, so 
the installation test is confined to a test 
pressurization of the system and some 
functional checks. 

System variants 
System variant for temperate climates 
In localities where the average daily tem
perature during 10 months of the year is 
less than 20°C, one or some of the cooling 
units can be replaced by a heat exchanger 
in which the water is cooled by the outdoor 
air, fig. 9. This method saves energy. The 
cooling unit will be in continual use only 
during the warmest days of the year and for 
the rest of the time will be connected inter
mittently to keep the tank water tempera
ture low. 

Simplified system for small plants 
A simplified variant has been developed for 
small plants. The cooling unit, pump unit 
and water tank have been combined to 
form a single unit. The cooling circuits are 
unchanged. Instead of cooling the water in 

the cooling unit, the coolant loop has been 
placed in the tank, fig. 10. The water tem
perature in the tank is reduced to almost 
0°C. The circulation of the cold water 
through the mixing valve, pump and cool
ing coils takes place as described pre
viously. 

Heat recycling 
By the use of simple additional equipment 
the heat dissipated from the telephone ex
change can be recycled and used to heat 
adjacent premises. In this way heating 
costs for the building can be considerably 
reduced. For example in a Scandinavian-
type climate the amount of the heat dissi
pated from a 10,000 line electronic ex
change can be used to heat about 600 m2 

of office space. 

The LM Ericsson cooling system 
compared with air conditioning 
systems 
Greater reliability 
To secure acceptable reliability values with 
a conventional air conditioning (A/C) sys
tem, the system should be duplicated and, 
in the event of a mains failure, it must be 
supplied from the reserve power unit, for 
which there should be redundancy. Fig. 11 
shows a conventional A/C system and its 
reliability block diagram. As has previously 
been mentioned in connection with fig. 4, 
the LM Ericsson cooling system offers con
siderably greater reliability even without an 
emergency power plant. 

Better environment 
both for staff and equipment 
Water has a higher heat-absorption capaci
ty than air. To achieve the same cooling 

Fig. 10 
For small exchanges the cooling unit, pump unit 
and water tank are combined into a single unit. It is 
designed for housing in a container together with 
the exchange 
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capacity with an A/C system, forced air cir
culation must be used. Staff then find the 
premises draughty and noisy. Dust in the 
room whirls around more easily when the 
air velocity is high. 

Saves space, makes planning 
and installation easier 
The LM Ericsson cooling system takes up 
little space and is easy to plan and install. In 
conventional A/C systems the whole vo
lume of air must often be transported long 
distances via bulky air ducts in order to be 
cooled and returned. These ducts, which 
are often suspended from the ceiling, can 
be several square meters in size, and this 
implies constraints on ceiling height and 
construction. When planning duct exten
sions, consideration has to be given to 
other equipment, cable chutes, etc., to 
secure an optimal layout. 

Easier to extend 
The LM Ericsson system can be extended 
at the same rate as the telephony ex
change. On the other hand A/C systems 
are often sized for the expected final capa
city. 

More effective cooling 
The function of the LM Ericsson system 
automatically ensures that the cooling will 
be most effective where most heat is radi
ated. To avoid heat pockets in an A/C sys
tem, careful planning of the air flow for heat 
removal is required in relation to the equip
ment location. 

Lower energy consumption 
It has been calculated that, for the same 
cooling effect, the LM Ericsson system 
offers energy savings of between 10 and 
20% compared to a conventional system, 

Fig. 11 
Conventional cooling sys tem . 
a. Functional block diagram 
b. Reliability block diagram. The dashed blocks 
show the duplicated system 
c. Table of the number of failures per year 
Reliability calculations show a failure frequency as 
in the table. The number of failures only refers to 
system failures in the cooling system of such a 
duration that there is a risk of operational distur
bances in the exchange equipmen t 

w 

Table c 

Cold air current 

Number of failures per year 

Single 
system 

Reliable Unreliable 
mams voltage mains voltage 

with without with without 
emergency emergency emergency emergency 
power power power power 

1.2 1.7 1.4 16 
Duplicated 
system 0,006 0,24 0.08 15 
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depending on how the latter is designed. 
The system variant for temperate climates 
offer a corresponding saving of about 80%. 

Lower maintenance costs 
A system which blows air into a building, 
with stringent requirements imposed on 
dust content, must contain a large number 
of filters which often have to be cleaned or 
exchanged. The LM Ericsson system has 
only one small filter in the fresh air unit. 
Maintenance is limited to periodic func
tional checks. 

Fire does not spread along 
a water pipe system 
If a fire occurs, it can easily spread along air 
ducts unless special precautions are taken 
such as automatic closure of some air 
routes. 

Cooling systems of the future 
The trend in telecommunications technol
ogy is towards a reduction in size of electro
nic telephone exchanges. However, the 
power requirement will not be reduced to 
the same extent. Thermal density will in
crease further and with it a demand for 
effective and reliable cooling systems. 

The use of water as a coolant will probably 
increase in pace with the increased power 
concentration in the switching equipment. 
In the future, direct cooling of the maga
zines for the printed board assemblies may 
be necessary to remove the dissipated 
power. 

Summary 
The system which LM Ericsson has devel
oped for cooling electronic telephone ex
changes meets stringent requirements im
posed on reliability and creates a good 
working environment for the telephone 
equipment and the staff on the premises. 
Outstanding features for the system are: 
- the ability to store coolant and retain the 

cooling function even during a mains 
failure 

- cooling of the electronic equipment by 
self convection, that is without the use of 
fans 

- the modular construction which permits 
simple extension of the system when the 
switching equipment has to be extended 

- low power consumption due to the relati
vely high heat absorption capacity of 
water, which gives improved system effi
ciency compared with conventional sys
tems 

- the system has considerable flexibility 
and so can be used in numerous different 
applications, such as heat recycling. 



Higher-Order Digital Multiplexors 

Hans-Henrik Hamacher and Stig Karlsson 

LM Ericsson has previously introduced second and third-order digital multiplexors, for 
4x2 Mbit/s to 8 Mbit/s and 4x8 Mbit/s to 34 Mbit/s respectively. Now the fourth-order 
multiplexors, for 4x34 Mbit/s to 140 Mbit/s, and multiplexors that work directly between 
the 2 and 34 Mbit/s interlaces, i.e. for 16x2 Mbit/s to 34 Mbit/s, are being introduced. 
The general multiplexing principles have already been described in connection with the 
presentation of the first two types of equipment1. In this article the description is limited 
to the features that distinguish the two new multiplexors. 

UDC 621 395 43 Digital telephone exchanges and digital 
transmission links are being used in the 
telephone network to an ever increasing 
extent. At first this meant that digital islands 
were formed in the analog network. Within 
these islands first-order PCM systems for 
30 telephone channels constituted the pre
dominant transmission system. The trans
mission medium consisted of pair cables, 
and the speed was 2 Mbit/s. This transmis
sion capacity was not sufficient for large 
routes, and higher-order PCM systems 
were developed, 8 Mbit/s for 120 telephone 
channels, 34 Mbit/s for 480 channels and 
140 Mbit/s for 1920 channels. These 
systems use different transmission media, 
such as special pair cables, radio relay 
links, coaxial cables or optical fibres. There 
was also a need for higher-order digital 
long-distance systems that could connect 
together the digital islands, partly in order 
to be able to utilize the digital facilities to the 
full. 

The exact transmission speeds, which are 
usually abbreviated to 2, 8, 34 and 140 
Mbit/s, are actually 2 048, 8448, 34 368 
and 139264 kbit/s. 

Fig. 1 shows the positions of the different 
multiplexors in the system hierachy. The 
second and third-order multiplexors, ZAK 
30/120 and ZAK 120/480, have previously 
been described, together with the general 
principles of digital multiplexing1. The 
equipments now being introduced are the 
fourth-order multiplexor, ZAK 480/1920, 
fig. 2, and the 2/34 Mbit/s multiplexor, 
ZAK 30/480, fig. 3. 

All multiplexors meet the applicable re
quirements of CCITT Recommendations 
G.703, G.742 and G.751. They can work in 
an asynchronous environment if the bit 
rates of the tributaries are within the recom
mended limits. Justification is carried out 
by means of buffering of a small number of 
bits from each tributary, and also by posi
tive pulse justification. The direct multiplex
ing between 2 Mbit/s and 34 Mbit/s that is 
carried out in ZAK 30/480 has no exact 
equivalent in the CCITT recommendations, 
but both interfaces are in accordance with 
Recommendation G.703. Moreover, the 
frame length and frame alignment word are 
chosen in accordance with G.751, which 
means that in most cases normal test in
struments can be used for installation and 
fault clearing. 

Fig. 1 
Higher-order multiplexors in the digital network 
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Fig. 2 
ZAK 480/1920. The wide ventilation slots between 
the printed board assemblies give good cooling 

Fig. 4 
A comparison of the amount of equipment needed 
for direct multiplexing from 2 to 34 Mbit/s using ZAK 
30/480 (to the right), and multiplexing in two stages 
using ZAK 30/120 and ZAK 120/480 (to the left). Each 
small square represents a printed board assembly 
(unit) and each block with a broken outline repre
sents a magazine (shelf) 

Construction and alarms 
The new multiplexors ZAK 30/480 and ZAK 
480/1920 are each mounted in a BYB 
magazine with a width of 12 building 
modules (488 mm). They can be installed in 
M5/BYB bays2, BYB row construction prac
tice3 or BYB cabinets. 

Fig. 3 
ZAK 30/480 fully equipped for 16 tributary bit flows 
of 2 Mbit/s 

It has been possible to use normal wire-
wrapping methods for connections and 
standard structures for magazines and 
printed board assemblies even for the 
highest transmission speeds. This means 
that the new multiplexors are as easy to 
handle as other BYB equipment. All exter
nal connections are made on the fronts of 
the magazines, by means of plug-in cables. 
Each multiplexor is equipped with its own 
d.c./d.c. converter, which works with any 
battery voltage between -30 and -72 V 
without restrapping. 

All alarms are in accordance with CCITT 
recommendations. The principles for the 
transmission and concentration of alarms 
are the same as for other BYB transmission 
equipment4. This means that the system 
can be connected to automatic supervision 
equipment, for example ZAN 01. 

ZAK 30/480 
The comparison in fig. 4 shows that direct 
multiplexing between the 2 Mbit/s and 34 
Mbit/s interfaces, with no facilities for 
through-connection at the 8 Mbit/s level, 
reduces the required amount of equipment 
from two and a half shelves to one 
magazine, and the number of units or 
printed board assemblies from 55 to 20. 
This reduction certainly justifies the use of 
the ZAK 30/480 variant from the points of 
view of space, power and economy. 



Fig. 6 
The frame structure for ZAK 30/480 
Frame alignment word 
Alarm to the far end 
For national use 
Spare bits 
Frame length 
Maximum justification 
rate per tributary 

1111010000 
bit 11 
bit 12 
bits 13-16 
1536 bits 

22 375 bit/s 

Fig. 7 
The limit for acceptable jitter as a function of fre
quency. The CCITT requirement (red curve) is ad
ded for comparison purposes 

speed units. The 34 Mbit/s interface unit 
which has previously been developed for 
ZAK 120/480 is also used in both ZAK 30/ 
480 and ZAK 480/1920. 

ZAK 480/1920 
The digital multiplexor ZAK 480/1920 com
bines four 34 Mbit/s tributaries to one 140 
Mbit/s bit flow. Its function is illustrated in 
the block diagram in fig. 8. 

The incoming tributary signals are received 
in the interface units. The signal elements 
are converted from the HDB3 line code to 
binary code and are stored in the buffer 
stores. These stores are then read out one 
after another by the common logic circuits, 
at a slightly higher speed than that required 
by the transmission capacity. Breaks in the 
reading are made under control of the 
pulse justification logic and thus the butter 
stores are never emptied. In the common 
circuits check bits are added for frame 
alignment, alarm and pulse justification, 

In ZAK 30/480 a total of 16 tributary bit flows 
at 2 Mbit/s, each corresponding to 30 
telephone channels, are multiplexed to 
form a joint 34 Mbit/s bit flow, correspond
ing to 480 telephone channels. Fig. 5 
shows a block diagram of the equipment. 

The frame structure has been chosen so 
that a high pulse insertion capacity is ob
tained, fig. 6. This makes it possible to keep 
the buffers for the tributaries small and the 
equipment can be made very compact. At 
the same time the signals have less jitter 
than they would if two second and third-
order standard multiplexors were used, 
connected in tandem. The limit for accepta
ble jitter in the tributaries is therefore higher 
than the limit recommended by CCITT, fig. 
7. This means that connections can be built 
up with an unlimited number of through-
connections for 2 Mbit/s. 

TTL technology is used throughout, with 
low-power Shottky circuits for the tributary 
units and with Shottky circuits for the high-

Fig. 5 
Block diagram of ZAK 30/480. The printed board 
assemblies are outlined in broken lines 
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Fig. 9 
The CMI code for 140 Mbit/s transmission recom
mended by CCITT 

Fig.10 
A control unit for ZAK 480/1920 equipped with ECL 
components. Multi-layer printed boards have been 
used in order to obtain impedance-matched con
nections between the components 

Fig. 8 
Block diagram for ZAK 480/1920. The printed board 
assemblies are outlined in broken lines 

and the resultant signal is fed to the CMI 
unit, where code conversion and level 
adaption to the line code is carried out. The 
CMI encoding for 140 Mbit/s transmission 
recommended by CCITT is illustrated in fig. 
9. 

The receiver works in a corresponding way. 
The incoming signal elements are con
verted from the line code to binary code, 
after which frame alignment and analysis of 
alarm and pulse justification information is 
carried out. The inserted extra bits are 
removed and the reconstructed interleaved 
signal is divided up and stored in the buffer 
stores for the different tributaries. The read
out rate from these stores is slowly regu
lated so that they always contain the same 
amount. This regulation method means 
that the high-frequencyjitter is minimized in 
the signal that is passed on. The conver
sion to line code for each tributary takes 
place in the 34 Mbit/s interface units. 

Emitter-coupled logic circuits, ECL, are 
used in order to obtain sufficint reliability for 
the high bit rates. The ECL circuits are fast 
and have excellent transmission charac
teristics at high speeds. However, one 
problem is that they require high power. 

The power density and chip temperature 
can be reduced by reducing the number of 
gates and flip-flops on each chip, but this 
means an undesirable increase in the num
ber of chips. A detailed study of possible 
structures gave a solution that is optimized 
from the point ov view of reliability. Fig. 10 
shows a printed board assembly equipped 
mainly with ECL circuits. 

The highest transmission speed within the 
magazine is 34 Mbit/s for the tributaries. 
The corresponding connections between 
the printed board assemblies consist of 
balanced wire pairs. 

The control information is processed in TTL 
circuits, which contain low-power Shottky 
elements. These circuits have a high func
tion capacity and low power requirement 
per chip, but they cannot operate at speeds 
above 10 Mbit/s. The time difference that 
occurs is bridged by delaying the tributaries 
in a number of buffer flip-flops, so that deci
sions from the slower decision circuits can 
catch up. In this way the best features of the 
two circuit families have been combined 
and the number of power-demanding ECL 
circuits has been limited. 



Technical data 

Nominal bit 
rate 

Limits 
Bit rate tor 
tributaries 
Number of 
tributaries 
max. 
Multiplexing 
method 
Frame 
structure 
Frame 
alignment 
loss and 
recovery 
Jitter 

Electrical 
interfaces 
Signalling 
channel 

External 
timing 

Level 
Limits 

Alarm 

Power supply 
from battery 
Battery 
voltage 

kbit/s 
x10-6 

kbiVs 

ZAK ZAK 
30/480 480/1920 

34 368 139 264 
±20 ±15 

2 048 34 368 

16 4 
Cyclic bit interleaving with 
positive pulse justification 

bit 
type 
bits 
type 

kHz 
dBu 
dB 

W 

V 
Mains rectifier Hz 

(optionally 
Limits 

Magazine 
dimensions 

V AC 

% 

Height x width 
x depth 
Weight 
approx. 

mm 

kg 

See fig. 6 CCITT G.751 

CCITT G.751 
G.703, G.742, G.751 

CCITT G 703 

12 14 
E&M E&M 

15 and 16 
TTL 

8 592 34 816 
0 ECL 

+ 1,-3 
CCITT G.751 supplementec 

for bit error supervision 
(>10"3) 

90 120 

-30 to -72 
45 to 65 

110, 127 or 220 
+ 10 to-10 

244x488x220 

14 13 

Summary 
The introduction of ZAK 480/1920 com
pletes the range of higher-order digital 
multiplexors up to 140 Mbit/s. ZAK 30/480 
is a valuable addition in those cases where 
multiplexing direct from 2 to 34 Mbit/s is 
possible. Fig. 11 shows an example of a M5/ 
BYB bay fully equipped for digital multiplex
ing of 64 2 Mbit/s tributaries to one 140 
Mbit/s flow, using the two multiplexors 
described here. 

Fig. 11 
Bay equipped with four multiplexors ZAK 30/480 
and one ZAK 480/1920 for the multiplexing of 64 
tributaries at 2 Mbit/s to form one 140 Mbit/s bit flow 
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