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* CCITT standard MODEM * Communicate with other computers

* Easy-to-build
by Harold Godwin |

his modem will enable a home

computer or VDU tocommunicate

with other computers using CCITT
standard tones, over the telephone.
This means that you will be able to
“exchange programs with other people
and in particular have direct access to
the Maplin computer to order com-
ponents etc. A modem wotks by con-
verting the data input of marks and
spaces, to two different audio fre-
quencies. These audio tones are trans-
mitted down the phone line to the other
end where they are converted backtoa
digital signal by the modem.

So that data can be sent in both
directions, four different frequencies
are used, two for each direction. iln
order that two modems can com-
municate, one must be switched to the
originate mode, which transmits 980
and 1180 Hz, and the other must Lj>e
switched to the answer mode and
transmits 1650 and 1850 Hz. Each
modem receives the alternate pair of
frequencies to those which it transmits.

The lower frequency is the ma;rk

condition ineach case and itis usual for
the terminal that makes the call to be
switched to the originate mode. To
prevent interference between the two
directions of communication, filters are
needed to pass the required fre-
quencies in each direction. Although
the frequency shift is only 200Hz, the
required bandwidth of these filters
depends upon the baud rate. At a baud
rate of 300 baud and sending alternate
marks and spaces, the first sidebands
occur +/-150Hz from the carrier
which is located midway between the
mark and space frequencies. Therefore
the minimum bandwidth for the filters
is 300Hz.

Unfortunately a signal passing
through a filter is delayed in time. All
frequency components of the signal
should be delayed equally, or jumbling
and smearing of the data occurs. Thisis
known as intersymbol or interbit inter-
ference. Minimising the delay dis-
tortion minimises the interbit inter-
ference. This is relatively easy over the
centre 2/3 of the passband, but keep-
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ing the delay constant near the band
edges is difficult, if not impossible to
achieve. For this reason the bandwidth
is widened. To maintain minimum
delay at 300 baud requires an overall
bandwidth of 400Hz. The overall per-
formance of the modem is mainly
dependant on the response of the
filters, particularly the receive BPF
(band pass filter).
Circuit

Two specialised IC's are used in
this modem, the first is the 4412VP
which is used to generate the required
frequencies from a 1 MHz crystal. This
IC is capable of transmitting American
or CCITT standard frequencies, but pin
14 is earthed for the CCITT standard.
The IC is switched between originate
and answer by earthing pin 10 for the
originate mode. The following pins are
permanently earthed. Pin 15 which
enables internal pull up resistors, reset
pin 5, and pin 13 to inhibit a 2100 Hz
tone which is normally transmitted for
disabling line echo suppressors. Pin 12
is a carrier disable pin, no tone is
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Figure 1. Modem biock diagram
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transmitted when this is earthed, but
this facility is not used at present. Data
is inputtothe ICon pin 11 and the audio

tone is output on pin 9. The modulaqor '

output is an approximated stepped
sinewave of 8 amptitude levels. Al-
though each step is optimised so that
the waveform has a maximum amount

" of signal energy at the fundamental
frequency, a large number of har-
monics are produced. For this reasgn,
and to limit the transmitted bandwidth,
the output is buffered by TR1 apd
passed through the transmit filter. The
transmit filter, consisting if 1C2 and
associated components, is switched
between originate and answer fre-
quencies by TR3, 4, and TR1 switches
the 4412VP. :

There are two methods of cog:-
necting a modem to the phone systeI ,
acoustic coupling or direct electrical
connection. Acoustic -oupling has the

advantage of being electrically isolated

and easy to connect. However, there are
problems, one is trying to excludero m
noise, particularly if operatinginano sy
“environment. Another is the factt at
" the transmit tones will be heard in he
telephone receiver considerably lou er
than the tones that are trying to |be
received. Although the receive filter
would reduce this, there is a problem
when operating in the originate mode.
When transmitting a mark frequency of
980Hz, harmonic distortion (mainly
from the carbon microphone of the
handset) produces a second harmopic
of 1960Hz. As thisis close to the recejive
band of 1550 to 1950Hz, the receive
filter provides little rejection and this
interferes with the received signal. For
these reasons itwas decided to conngct
the madem to the phone line via a
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British Telecom approved transformer.

Duplexer

The transmit filter output and receive
filter input are connected to the line via
a duplexer and isolation transformer.
This allows the received signal to pass
to the receive filter, properly couples
the transmit signal to the line, termin-
ates the line and attenuates the trans-
mit signal appearing atthe receive filter
input. For maximum attenuation R16 =

R17 and RV3 should equal the line

impedance. RV3 is adjusted for maxi-
mum attenuation of the transmit signal.
Although the line impedance is nomin-
ally 600 ohms, it will have a reactive as

well as a resistive component. There-

fore the duplexer should be considered
as providing about 10db of attenuation,

although in many cases better results-

-will be obtained. D1 and D2 protect the
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modem from voltage surges from the
line.

Receive filter

The receive filter consists of I1C4, 5
and associated components. It is
switched between the originate and
answer frequencies by TR5to TR8. itis
an 8 pole Chebyshev filter and provides
35db of attenuation of the alternate
channel. The overall gain of the filter is
about 20db (less when receiving 1550
to 1950Hz). Close tolerance com-
ponents are required for the filters and

. the resistor values are made up from

two resistors in the majority of cases.
IC6 is used as a variable gain amplifier
to adjust for different receive levels.
The output signal is rectified by D3 and
used to control TR9 which acts as a
variable impedance, adjusting the pro-
portion of the output signal fed back to
pin2. D4 and D5 limit the signal fed to
IC7 to about 1.5V p to p.

Phase locked loop

Originally it was planned to use the
demodulator section of the 4412VP to
decode the received tones.” Unfortu-
nately the demodulator has been opti-
mised for 200 baud when receiving
CCITT tones, so in order to work at 300
baud it was decided to use an XR2211.
This IC is a phase locked loop system
especially designed for data com-
munication. Referring to the block
diagram for this IC, the input signal
applied to pin 2 is amplified, limited
and fed to the loop phase detector and
Guadrature detector. The output from
the loop phase detector, at pin 11, is a
DC voltage -proportional to the phase
difference between the VCO (voltage

controlled oscillator) and the input

signal. This voltage is filtered by C18,
R46 and applied to pin 12 to control the
VCO frequency. This locks the VCO onto
the input signal and the control voltage
at pin 11 is dependant on the incoming
frequency over thetracking range of the
VCO.

The control voltage is filtered by

'R45, €23 and compared with an
internal reference voltage. As the input .

frequency changes the control voltage
above and below the reference voltage,
the data output on pin 7 changes. The
reference voltage is decoupled by C22
on pin 10,and C19, R47, R48,RV1,RV2
determine the free running frequency
of the VCO, which is set midway
between the mark and space fre-
quencies. The VCO frequency is switch-

-7 edbetween originate and answer mode
‘ by TR10. :

The quadrature phase detect-
or compares the VCO and the input
frequency and ouputs a voltage when
the VCO is locked to the input fre-
quency. This voltage is filtered and

_ . drives the lock detect outputs. IC8isa
“"‘monostable which drives the lock

detect LED and is gated with the data
output from IC7. This allows data to be
received only while the VCO is in lock
and prevents spurious data filling the
screen when there is no input signal.
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S1 switches the modem between

" originate and answer modes, and $2

switches between full-duplex, half-
duplex and test positions. Full-duplex
working allows data to be sent in bgth
directions at the same time. Normally
this means that the data received attLe
far end is sent back to the senderon the
alternate channel. This is displayed on
the senders terminal so that it can Ee
seen exactly- what was received at the
far end. If the data is not echoed back,
the modem can be switched to half
duplex. This connects the transmit data
via 1C9a to the receive direction so that
the transmitted data is displayed jas
well as that received. Obviously data
“cannot be sent in both directions at the
same time as garbled informatipn
would be displayed. Note also that a
mark condition must be received from
the other end to allow the local-data to
be received via IC9b. The test positon
switches the BPF and IC7 to receive the
same frequencies that are being traups-
‘mitted locally. This allows the modem
to be checked in local via the duplexer.
This position could also be used|to
monitor a simplex transmission, when
no signal is being received from the
other end.D10 and D11 monitor the
receive and transmit data respectively
and are lit for a mark condition. |C]10C

Figure 4. PSU circuit diagram

drives the TTL output and TR11 to
TR13 convert TTL levels to RS232
interface voltages of +/-12V. At the
transmit side D7 and D8 limit the
RS232 voltages and 1C9d gives TTL
level out. The strap must be connected
if the RS232 input is used, otherwise
IC10 pin11isthe TTL input. The power
supplies of +5V, +12V and -12V are
supplied by the three low power regu-
lators and associated components. R1
reduces the power dissipation in the
+HV regulator.

Construction

There are two PCB's to be assem-
bled, the main modem board and
the power supply unit. These are
printed with the component overlay to
make assembly easier. Starting with the
modem board, the resistors should be
fitted first. It is suggested that the
values are checked against the circuit
diagram, as a wrong value in the filters
would affect the response’and would be
difficult to find. Next the capacitors
should be fitted, checking that C15,

. C21 and C33 are thecorrectway round.

It is recommended that IC holders
are used and these are fitted next, but
the 1C’s not yet inserted. The leads to
the 1MHz crystal are bent so that the
crystal lies flat against the PCB. The
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Figure 5. Wiring diagram.
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transistors and diodes are fitted next,
checking that they are the correct type
and the correct orientation. This leaves
just the potentiometers, fuseholderand
wire links to be fitted as shown on the
legend. The power supply board is
assembled in the same way, following
the PCB legend. '

A suitable case should be chosen

" from the wide range available that can

take the two PCB's and transformers.
The front panel should be drilled for the
four LED's and switches. The fuse FS1
could be mounted on the front panel or
at the back as desired. The 2 trans-
formers should be mounted apart from
each other to avoid mains hum. Two
connecting sockets will be required to
connect to the line and the computer.
These are left for the constructor to
choose.

The modem PCB plugsintoa 24 way.
connector and is wired up as shown in
fig. 5. Lengths of sleeving should be
used over the socket connections to
prevent short circuits. It is important
that the feet are the correct way round,
to prevent the PCB being plugged inthe
wrong way. When the wiring has been
completed, the fuses can be inserted
and the modem powered up without the
IC’'s in. The power supply voltages
should be checked to each IC socket
and if correct, the modem switched off.
Allow a few minutes for the capacitors
to discharge and then insert the IC's
and the modem can be tested.

Setting up and
Using the System

The modem can be used with any
computer that has a RS232 serial
interface or the TTL inputs can be
connected direct to a UART, if this is
available, as on the Maplin VDU. Only 3
wires are needed between the com-
puter and the modem, Tx, Rxdata and O
volts. If using the TTL inputs, these
should be kept reasonably short. With
S3 unoperated, connect the 2 line
connections across the phone line.
Normally there are 3 wires from the
phone that connect to a terminal block
on the wall. The line wires are the Red
and the White. )

The modem is most easily set up
with an oscilloscope as follows. All
signals are measured as peak to peak
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