MICROPROCESSOR-CONTROLLE
TELEPHONE EXCHAN

E

The telephone exchange presented here allows up to eight
pulse-dialling telephone sets to be connected, and has an option for
connecting calls to or from an external (trunk) telephone line. The
unit is controlled by the popular 8052-based BASIC computer we

introduced a few years ago.

Sincethetelephonesxchangeis controlled by
a computer, it is relatively easy to add or
change certain features simply by extending
or changing the controt program. The nice
thing about the 8052-based computer used
fere (Refs. 1 and 2) is that it can be pro-
grammed in BASIC, a computer language
familiar to many. In the presenta pplication,
the BASIC computer runsits application pro-
gram frony an on-board EPROM. All that is
required to modify this programisa terminal
oral’C running a communicalicns program,
and a three-wire link to the BASIC computer.
With these tools, the user is at liberty to edit
and extend the existing control program in
order o ‘customize” the telephone exchange.
Thelerminalor 'Cis nofonger required once
the control program has been tested and
found to work all right. If vou have ne inten-
tion to change the ‘standard” contrel pro-
gram, or lack the ability to program in
BASIC, simply use the readv-programmed
EPROM available for this projuect. In most

cases, this standard control program will
provide all the necessary functions users of
a telephone exchange for a small network in
the home or small office or workshop have
come te expect.

Telephone: the basics

Before discussing the operation of the tele-
phone exchange, it is useful to look at the
basic operation of the telephone system. In
the following LIiHL““SSiUH, it is assumed tHai
putse-dialling telephone sets are used. The
operation of tone-dialling (DTMF) is not
covered. Details on thissystemmay be found
in Ref. 3.

Figure I shows the general lay-out of a
telephone connection. When the receiver is
on the hook, the bell inside the telephone set
is connected to the telephone line. When the
receiveris lifted, the voice circuit of the setis
connected o the telephone network, and a
direct current flows through the micro-

MAIN FEATURES

* B8internal lines

+ 1 extema.F fine

* memory for 10 numbers

* imternal through connections

+ versatile computer control

* automatic hold for external line

* simple-to-extend

* tan be interfaced to a PC

+ selective external call acceptance

* shortcut dial codes for external
number

* works with pulse-dialling telephone
sets

+ one aplional relay for extra switch-
ing function

phane. The telephone extensions connected
ter the nebwork receive their supply voltage
from the local telephone exchange. Al sels
are connected to two lines and operate free
from the earth line. The use of balanced lines
is a simple, vet effective, way, to climinate
noise in the network, Since anv noise i
duced on the network is, in principle,
equally strong and of equal phase on the o
and ‘B lines, it is effectively inaudible.

Qutgoing calls

The timing diagrams in Fig. 2 show the
switching sequences during a lelephone calt,
Again, only the’a” and ‘b lines are invoived
in establishing the call. Normally, a voltage
of 50 te 60 V exists betiveen these nes. The
exchange detects thal o receiver s lifted
when the Hne voltage drops to about 10V,
and a microphone current of about 20 mA s
established. Next, the exchange sends the
dial tone to the calling extension to indicate
that 2 number may be dialled. In the pulse-
dialiing system, the current loop is inter-
rupted repetitivelv. The pulse rate usually
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lies between Y and 11 pulses per second. The
‘reak’ period is called ‘pulse’, and the “con-
nect’” period s called ‘pause’. The pulse
length is generally defined as 61.5% 3% of
the period. Assuming that the period is 100-
ms, the current is interrupted for periods of
585 o 64.5 ms. The pause allowed between
siiceessive nuambers is 0.7 to 1s.

The local exchange starts to call up the
wanted extension with the aid of a ringing
signal after the complete number has been
roceived from the calling extension. When
the call is answered, the exchange starts to
puta costcountsignal on the 2" and ‘b lines.
This signal is a sine-wave burst wilh anam-
plitude of aboul 50 V. Since il s the same on
the'a” and ‘b line,itisinaudible to the calling
as well as to the called party. A costcounter,
however, is connected asymmetrically to the
network to allow it te detect the pulses.
When vither party rings off (puts the receiver
dowvn), the voltage between the “a” and b’
line reverts to the ‘standby’ level of 50 to
60 V.

Incoming calls

The operalion of the telephone system in the
case of incoming calls is illustraled in Fig. 3.
An incoming call 3s detected by the ringing
stynal produced by the telephone set. The ex-
change calls up the extension by putting an
alternaling voltage of about 50 Vpp on the 2’
and ‘B lines. The fact that the signals on "a’
and ‘b’ are in anti-phasc aliows the telephone
o detect the ring signal and actoate a
sounder device (usually a small bell or buzz-
er). The ringing continues until the catled
party lifts the receiver to answer the call. [f
the call is not answered after a predeter-
mined number of rings, the connection s
broken (in the exchange discussed here, the
maxinmum nmberof ringsissctto 13). When
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Fig. t. llustrating the basic operation of the two-wire telephone system.

the called party lifts the receiver before the
last ring, the previously mentioned direct
current flow is established, enabling the ex-
change fodetect thatthe callisanswered. The
telephone conversation can begin!

Electronics at work

The signal sequences shown in Figs. 2a and
2b are generated and processed by the inter-
face board of the telephone exchange, while
the control functions are carried out by the
BASIC computer. The function of the inter-
face board, of which the circuit diagram is
shown in Fig. 3, is to convert the digital sig-
nals supplied by the computer board to tele-
phone network signals, and vice versa.

The eight interfaces that establish the
connections with the telephone extensions
are shown at the top of the circuit diagram,
The extensions are connected either to the

wAIT line or to the VOICE line. Extensions
used for atelephone conversation are always
connected to the vOICE line, which provides
the necessary supply voltage. Extensions not
involved in the conversation are connected
to the wAIT line, and produce the ‘engaged’
tlone when the receiver is lifted, A munber
can vnly be dialled when the exchange is
backin the wait state with all extensions con-
nected to the VOICE line.

The interface board is linked to the BASIC
computer via connector K12, which carries
all the necessary signals for proper com-
munication between these units. The Y7 sig-
nal supplied by the address decoder on the
BASIC computer board is used to select the
logic on the interface board. The line is actu-
ated in theaddress range between BOM); iand
FFFF, whichissplitinto three parts with the
aid of address lines A10, ATl and A12, giv-
ing buffer devices 1C15, [Ci6 and ICi7 their
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Fig. 2. Waveform sequences on the telephone lines, showing the call charge pulses (Fig. 2a) and the ring signal {Fig. 2b).
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Fig. 3. Gircuit diagram of the telephone exchange. This circuit is connected 1o the 8052-based BASIC computer via connector K14.

proper location in thememory map. The INT
sigial suppiied by the interface board serves
te wake up the BASIC processor from its
stand-by state when a ringing signal is de-
tected on the external line. The 8052 proces-
sor generates the ‘engaged’ tone on the PWM
line. A dial tone is not generated—the net-
work is free for dialling an extension when
the receiver is silent upon being lifted. The
remaining lines on Ky carry data signals,

read and write signals, and the supply volt-
age,

Circuits 1C1s and ICrs are lalches that
function as additional /0 registers for the
control of the switching functions available
irt the exchange. Relays are used for the ac-
tval switching actions. Eight-bit register IC15
controls relays Re1-Res via the power dri-
verscontained inIC These relays are used

to switch the associated telephone sets be-

tween the vOiCE and the watr line. The three
least-significant datalines on 1C1s switch re-
Fays Ren, Retoand Reon The st Res, i used
te generate the ringing signal. In the stand-
by state, transistor T1 is connected to the
YOICE line, and provides all telephone sets
with their supply voltage via the vOICF line.
The gyrator configuration of the transistor
prevends the su]wp!i\' shorl-clrcniting voice

signals lrom being superimposad on the di-
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rect voltage. When Rev is switched, the full
transtormer voltage is applicd to the vOICE
line. Asa resudt, the bell in the extension con-
nected to the vOICE line starts to ting. The
calling party hears the ringing signal as a
series of buzzing tones.

Helay Rewis intended for optional exten-
sivons, such as a telephone-controlled door
upener, and can be controlled by appropriate
muodifications to the BASIC control program.

Relay Retr i3 used to transfer a call re-
ceived on the external line to another exten-
sien in the network. By switching Reil, the
external line is terminated at the required
impedance. As a result, the line is held while
the exchange is being used for intemal calis,

Making a call

When the receiver on any of the extensions
is lifted to make a call, a current starts to flow
that causes the LED in the associated opto-
coupler to light. This results in the relevant
INP line being pulled low. The processor
identifiesthe calling extension by reading the
logic 0 it produces in IC17 at address EFFF).
Next, a write command is issued to [C15 and
IC1s (at addresses FBFR and F7FFy respec-
tively) to connect ail other extensions to the
wWAIT fine. These extensions are effectively
disabled and produce the ‘engaged’ tone
when the receiver s lifled.

The processor counts the dialling pulses
produced by the calling extensions via 1C17.
The dialted number determines what hap-
pens next. When a 0 is dialled, relay Relz is
actuated, and the external fine is selected to
establish a connection to another telephone
network or another exchange. Theline trans-
former, Tra, is connected to the external line,
and all dialling pulses that follow the 0 are
fed o the external line by Re12 being actuated
in their rhythm. The relay contact switches
between a low impedance (the line transfor-
mer) and a high impedance (the ring pulse
detector). The dialling pulses are fed out of
the exchange via ICn, 1Ciz, 3 and 1C,
after the right OR gate (ICI2-IC124 or
IC130~1C130) has been enabled via 1020, Gate
ICT 1d ensures tat dialling pulses produced
by one of The internal extensions are not
passed Lo the external line while this is on
hoeld. This is an important feature when an
call received via the external line is being
transferred to another extension served by

the exchange.

Receiving external calls

Callsthatreach the exchange via the external
line are detected by the ring pulse detector
based around 123, D21, 1225, Rez, Crand 1Cy.
When a ringing pulse is detected, ICy pulls
the INTT line of the BASIC processor logic
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Fig. 4.

low. Only those extensions aliowed to accept
calls from the external line remain on the
VOICE line; all others are connected to the
WAIT line. A ringing signal is placed on the
VOICE line with the aid of Rew. A total of 13
rings with 2.5-second pauses is allowed. The
first extension that answers the eall is con-
nected to the external line. Once again the
telephone conversation can begini

After it has been answered, the external
cali can be transferred to another internal ex-
tension. To do this, the active extension puts
the receiver down and dials the number of
the wanted extension. The external line is not
disconnected until any receiver has been on
the hook for more than five seconds. While
the external caller is on hold, the answering
extension dials another extension. The exter-
nal line is connected to whichever extension
remains on the line when the other puts the
receiver down. If the wanted extension does
not answer the call, another one may be
tried. [n all cases, however, the total time the
receiver is down must not exceed five see-
onds. If none of the other extensions
answers, the external caller may be con-
nected again by Jdialling your own number.

Construction

Figure 5 shows the track lay-outs and the
component mounting plan of the double-
sided, through-plated printed circuit board
for the telephone exchange. The board has
been designed to form a compict unit
logether with the BASIC computer. ‘The
greater partof the board space is reserved for
the relays and the opto-couplers. Assuming

Ready for use: completed BASIC compuler and telephone exhange boards.

that the ready-made board is used, the actual
construction is unlikely to present problems
if carried out with the necessary care. Accar-
ate soldering is a must, though, to prevent
short-circuits.

The two transformers are fitted as exter-
nal parts on separate picces of veroboard or
stripboard to keep the overall size (and with
it the cost) of the interface hoard as small as
possible, Be sure to observe the necessary
safety precautions because of the presence of
the mains voltage on the mains transformer
board. The BASIC computer is powered by
a separate, regulated, 5-V supply.

The telephone sets and the transformers
are connected to plastic or ceramic terminal
blacks fitted on the PCB. The contacts of {op-
tional) relay Rela are available on connector
Kv for experimental purposes.

The construction and operation of the
BASIC computer is not covered here—for
details, please consult Refs. Fand 2. A smali
modification must be made to the existing
circuit in regard of signals P'WM, Y7 and
INTI, which are not available on the expan-
ston conneclor of the computer board, Three
wire links are fitted to overcome this prob-
leon: connect pin 3 of K2 (INT1 signal) to
pin 10 of Ki. Next, connect pin 4 of Kz (PWM
signal} to pin 15 of K. Finally, connect pin 8
of K2 (Y7 signal) to pin 7 of [C3 (74HCT138).
Since these wires go to previously unused
pins of K2, they do not affect the normal
operation of the BASIC computer.

The two hoards are connected via a short
length of tatcable fitied with 1DC sockets
that connect to K2 at the BASIC computer
sideand Kiatthe interface board side. After
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Fig. 5a. Track layouts of the double-sided, through-piated printed-circuit board.

fitting the system EPROM into its socket on
the BASIC computer board, and resetting the
system, the exchange is ready for use.

Controi software

itwareisessential forany microprocessor-
based system. The control program for the
telephone exclange is wrillen in BASIC with

plenty of comment in the listing to explain

the operation. As already stated, the pro-
gram s supplicd in the form of an EPROM.
Those of you who want to change it may get
out their terminal or PC, connect it to the
BASIC computer, and suspend the program
by tvping control-C. Next, LIST the program,
and edit it as required. RUN the program to
check that it does what you want. The synlax
requirciments ol the 8052 BASIC interpreter

are covered in the relevant Intel manual,

while possible problems with the communi-
calion belween the terminal or PC and the
BASIC compuler are krckled in Tefs, ] and 2,

A short deseription is given of the fune-
tion of the main routines in the control pro-
gram;

- theinternal nambers <start witha ‘1 e,
the extensionsin the network have nome

bers 11 up and including 18,
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Fig. 5b. Component mounting plan.

Resistors:

8 3306 R1-R8
2 10k R9;RH15
1 68k R10

1 1k H1z

1 6800 H13

1 4700 R14

1 4k7 R186

1 SIL array 8x10kQ R17
Capacitors:

9 100nF C1-C8;C14
1 10uF 16V ce

1 100pF 25V c10

1 220nF Cit

o 2u2 100V Cie

1 22nfF C13

Semiconductors:

10 CNY17 IC1-IC10

3 74HCT32 IC11;1C12;1C13
1 74HCT30 G114

2 74HCT377 iC15,1C16

1 74HCT245 1C17

2 ULN2803 IC18;1IC19

1 74HCT138 1C20

1 7815 IC21

i BC5H17 T

1 BC5478 T2

21 1N4148 Di-D20;025

1 TN4001 D21

1 10V 0.4W zener dicde D22

2 27V 0.4W zener dicde D23.024

2 BVB 0.4W zener diode D26;D27

1 EPROM with conirol program for BASIC

computer. Order code £35S 5941,

Miscellaneous:
12 2-way PCB terminai block K1-K8;
K10-K13

1 3-way PCB terminal block K9

1 40-way PCB-mount plug Ki4
with eject headers
12 5V SPDT PCB-mount Re1-Rel2

relay, Siemens type
V23127-BO001-A101
1 24V 3.3VA mains transformer Tri
1 telephone line transformer  Tr2
type VLL3715T

1 printed-circuit beard 900081

atotal of tenshorteutcodes isailowed for
external rumbers. These codes start with
a2, e, 20 up 1o and including 29 are
available.

the codes used for shorteut dialling are

slored by first dialling 3. Next, dial the

code (-9, followed by the number of
the external connection. The processor
stores the shorteut code and the associ-
-ated number when the receiver is put
down. All codes are available to all ex-
tensions inthe nelwork served by theex-
Chanpe, and they may bechanged alany
time by any extension.
a particular extension can be disabled
from recetving external calls by dialling
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v

5", This can be undone by dialiing ‘6",

The tunction of dial numbers ‘4, 7, '8" and
9 i not lixed, although the software has
built-in routines to intercept them. Number
s, for instance, could be used to switch on
relay Kern, and number 'Y, o switch it off
again. To be able to do this, you have to in-
clude the appropriate write command in the
number interception subrouting, test the op-
tron, and program a new EPROM. ]

References:

L BASIC computer. Elektor Efeciroimics No-
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2. ROM-copy for 8052-BASIC computer.

Elektor Electroirics September 1990.

3. Dualtone  multi-trequency  (DTME)
decoder. Efcktor Elecironics May 1989,

IMPORTANT NOTICE

The telephone exchange dascribed
here is not type-approved by British
Telecom and may not be connected to
the public swiiched tefephone net-
work {PSTN). in countries other than
the UK, the retevant PTT authorities
should be contacted about type-ap-
proval. In the text, ‘externat ling" is
meant 1o indicate a wire system other
than the PSTN.




