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Rental schemes tailored to meet your exact needs mean
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affecting normal operations. So you can boost revenue
and ease pressure on capital budgets

Livingston Hire has a sophisticated order handling
service for fast order hurnround and delivery anywhere
in the UK. and this is backed by full engineering support
including in-house instrument maintenance and
calibration
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storage oscilloscope

*  Analogue bandwidth 200MHz,
sampling rate 250MS/s for 4ns single-
shot resolution, and sync clocking for 2
channels

=  Front panel combines direct-action
keys and soft keys for quick and easy
operation - over 150 functions

. Semi-qutomatic mode enables a
measurement or sequence of measure-
ments to be repeated without control
reset

. Automatic mode - remote
controllable via IEEE-488 (IEC 625 bus),
RS-232 interface or over phone line

s Pre- and post-triggering

. Separate text and trace display
areas

. Autoset function sets timebase.
amplitude and triggering
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A The Hewlett-Packard logic
analysis family

HP 1650A: 80 channels of state/timing
analysis for the design and test of 8-, 16-
and 32-bit systems.

HP 16500A: a modular, user-configu-
rable logic analysis system providing
digital hardware and software design,
characterisation and test. Use as a
100MHz timing and 25MHz state
analyser; a 100 MHz digitising oscillo-
scope with up to 8 channels; a S50Mbit
pattern generator up to 204 channels; or
a 1GHz iming analyser up to 80
chdnnels.
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“It’s a pretty small battery-powered PROM programmer
— so what?”

Tools which are convenient get used a lot - that justifies
their existence. There is no wav we could
explain all the usefulness of S3 here.
Instead. if vou're interested we're

going to let you see it, use it
and cvaluate 1t in your own
workshop. We went to a lot
of lroul\‘c to design S3 jusl
the way 1t s no other
PROMMER 1s all CMOS and
all SMT. So we must be con-
vinced that $3 would be a for-
midable addition  to  vour
armoury. Now all we have to do
is 1O convinee you.

“Such a little thing can’t be
powerful, like a big bench-

programmer — er — can it?”’
Yes. it can. 1t is more powertul. S3 leaves
other prommers streets behind. 83 has
continuous memory. which means that you
can pick it up and carry-on where vou left off
fast week. S5 has a huge library EPROMS and
EEPROMS. 83 can hlo“ a hundred or more

PROMS without recharging. 83 also works re-
motely, via RS232. There’s a DB25 socket on the
back. All commands are available from vour computer
(through a modem, even). Also S3 hefps vou develop
and debug microsystems by memory-emulation.

“What’s this memory-emulation, then?”

IU's a technique for Microprocessor Prototype Develop-
ment, more powerful than ROM emulation, especially
uscful for single-chip “piggy
back™ micros. You plug the

% “I’m bound to let the battery go flat.”
‘d;‘ Quite so. But in practice it doesn’t matter. S3 switches
@, off after a half-hour of non-use anyway. or when the
) battery gets low. You don’t lose your data. Then a
slow-charge overnight or boost-charge for three
hours will restore full capacity. You can kch using
it when charging. So there really 1s no problem.

. “‘l already have a programmer.”

g Pity it doesn’t have S3 features. eh? But
here's a trick worth knowing. If you plug
$3's EMULead into the master socket of a
ganger then you get an S3 with gang

capacity. Isn’t production separate
& from development anyway?

“It looks nice. Will I be
\, disappointed?”
N Dataman tools are designed to
be used by Engineers. Not
just sold to Management
Have you ever been misled
by some mouthwulenng
ad for a new product’
Great artwork and ex-
citing promises which
feed your fancy? On
impitlse vou buy and
when the thing arrives
you feel let down. The pic
ture looked better. The claims
are hardly justified; not exactly
misrepresentation,  just
hoor  mmplementation.
3ut you've bought it

lcad with the 24/28 pin header
in place of the ROM/RAM.
You clip the Flying-Write-
Lead to the nucroprocessor
and you're in business. The
code is entered using either

Softy3is here!

And you're stuck with 1t
It stays in the cupboard.
most of the time. So how
about this: buy S3 and
use it for up to a month.
If you're not still thrilled

the Keyboard or the sernal
interface. Computer-assembled
files are downloaded in standard format

INTELHEX, MOTOROIL.A. TEKIEX.
Your microprocessor can WRITE 10 83 as well as READ. You
can edit vour variables and stack as well as vour program. if
vou keep them all in $3.

S3 can look like any PROM up to 64K bvies. 25 or 27 series.
Access is 100ns — that's reuhy fast. Memory-emulation is
cheap. iU's universal and the prototype works “like the real
thing”.

ASCII, BINARY.

S3 loads its working programs out of a
PROM in its socket, like a computer
loads from disk. Software expansion is
unlimited. Upgrades will come in a
PROM. Programs can be exchanged
between users. How’s that for
upgradability?

“Can I change the way it works?””

You surely can. We keep no secrets. System Variables can be
“fiddled.” New programming algorithms can bhe written from
the keyboard. Voltages are set in software by DACs. It you
want (o get in deeper. a Developers’ Manual is in preparation
which will give source-code. BIOS calls, circuit-diagrams. etc.
We expect a lively trade in third-party software e.g. dis-
assemblers, break-point-setters and single-steppers tor various
micros. We will support a User Group.

then you can have your
money back.

“Refund in the first month! How can you offer
that?”
We trust 83 to tire vour enthusiasm. We trust you not 1o use us

as a free hireservice. We bet vou won't send it back. How
would vou manage without 1t?

“These things cost a fortune and take months to
arrive.”

We wouldn't get you all excited and then let you down. [t Costs
£495 plus VAT. That includes P & P, Charger. EMULead.
Write Lead and a HELP program in ROM. S3'is in stock. Buy
it today. Use it tomorrow. (That's a fuir promise. But please
reserve product by phone or telex 10 make it come true).

oATAMAN

Lombard House,

Cornwall Rd.

DORCHESTER

Dorset DT1 1RX.

Phone 0305 68066 Telex 418442

If you purchase while this ad is current, you have 28 days to
examine the goods and return them for refund. Carriage will be
charged at cost. The right to charge the cost of refurbishment
of damaged goods is reserved.
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COMMENT

Component or
composite?

without doubt the most contentious issue in television technology at present is the

Ifwe can disregard for amoment the battle nver high-definition standards, then

question of recording formats. Improvements in camera performance have left the
video recorder exposed as the weakest link in the broadcasting chain; and everyone
agrees that the best way to sidestep its shortcomings is to go digital.

Already appearing in video production houses is the worldwide D1 digital standard,
by which the luminance and colour-difference compenents are recorded on the tape
separately. But D1's big advantage, that its cassettes can easily be replayed in PAL,
SECAM, MAC or any other transmission standard, is offset by the rather serious
drawback that it can give its best only in the expensive environment of an all-digital
studio. For this reason, there has been no rush by the broadcasters to adopt it.

But now, to dismay in some quarters, comes Ampex with a new format, D2, where
the signal to be digitized and recorded is the composite video waveform. A machine is
to be demonstrated in the US at the forthcoming NAB show and PAL versions will be in
Britain at IBC in the autumn. And Sony, whick helped Ampex fine-tune the system,

can be expected to unveil rival D2 machines.

Since it was Ampex which, with its quadruplex system back in 1956, made video
recording workable, the company may be thought to have won the right to impose
standards on the industry. But evebrows have undoubtedly been raised by Ampex’s
tactic of presenting SMPTE (America’s standards-making body) with a ready-made
system, instead of adopting the more time-consuming approach of talking it through

EBU (or other) working parties.

D2, according to Ampex, is likely to become the warkhorse of studio operations and
post-production, replacing not only the quadruplex machines still used for playing
commercial spots but also the ageing C format. The new machines will offer a mass of
attractive features, including low tape consumption, the ability to clone recordings
digitally, and, most importantly, compatibility with existing analogue equipment.

What Ampex has done is to force an issue which others have for some years been
pretending not to notice. For if, as seems almost certain, D2 isa commercial success,
it will inevitably prejudice the adoption of D1, and with it the move to all-digital
production. It will replace D1's universality with a recording format geared toan

obsolescent transmission standard.

D1 may well survive as the first choice for high-quality work, such as in video
graphics. But D2 could have far-reaching effects on the evolution of the ordinary
television studio. For by giving managements the advantages of digital recording
without the need to buy awhole digital studio, it may prevent us — possibly for ever -
from attaining that most desiratle goal, the general adoption of component coding.
Inevitably it will hamper the introduction of new transmission methods such as MAC.

Purists need not worry too much, however. For even if D2 sticks, its lifetime could
well be curtailed by moves towards high-definition television. And when a standard for
h.d.tvis eventually thrashed out - if that day ever comes —we shall be able to reopen
the debate onv.t.r. formats once again, with renewed enthusiasm.
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Z-MATCH
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package.
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Component .ibrary facilities.

ANALYSER 11
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Write or phone for full details: Ref WW
NUMBER ONE SYSTEMS LIMITED
Harding Way, Somersham Road,

St lves. Huntingdon,

Cambs. PE17 4WR

Tel: 048061778

We offer full offer-sales support with telephone
“HELP HOTLINE” service.
Software updates FREE within 6 months of purchase.
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Happv Memories

Part type : 1 off
4116 200ns (PUllS)....cooeveeieeiviiiinaenn. 1.00
4164 150ns Not Texas
41256 150ns............

41256 120ns......... .3.85
41464 120ns............... .3.45
2114 200ns Low Power .. 1.75

6116 150ns Low Power ..

6264 150ns Low Power .. ...4.95
62256 120ns Low Power .................. 9.95
2716 450NS5 VoM. ..ovevicevieiiierein. 3.20
2532 450ns.............. ..5.40
2732 450ns..... .3.20
2732A 250NS .......oce.. .3.95
2764 250ns Suit BBC.. .2.85
27128 250ns Suit BBC 4.55
27256 250ns............... ...4.55
2751225008 .0.ciiiiiereieiaiiecie e 8.45
Low profile IC sockets: Pins

Pence

25-99

.90
1.85
3.25
3.55
3.20
1.60
2.60
4.75
9.25
3.05
4.85
3.05
3.70
2.65
4.25
4.25
7.95

100 up
85

1.75
3.00
3.35
2.99
1.50
2.50
4.65
8.65
2.95
450
2.95
3.50
2.50
3.95
3.95
7.65

8 14 16 18 20 24 28 40
5 910 11 12 1517 24

Please ask for quote on higher quantities or items not shown.
Data free on memories purchased, enquire cost for other.

Write or ‘phone for list of other items including our 74L_S series
and a DISCOUNT ORDER FORM.

Please add 50p post & packing to orders under £15 and VAT to

total. Access orders by 'phone or mail welcome.

Non-Military Government & Educational orders welcome for
minimum invoice value of £15 net.

HAPPY MEMORIES (WW),

FREEPOST, Kington,
Herefordshire HR5 3BR.
Tel: (054 422) 618

(No stamp required)
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HART - The Firm for QUALITY

LINSLEY-HOOD 300 SERIES AMPLIFIER KITS.
Ultra hugh quality Mostet cutput Fully integrated Hi-Fi ampliier kats by this
famous designer Two models 35 and 45 watts per channel Capable of
superb sound quality with greater delicacy and transparency ol fone than
most commercial amphhiers Building 1s very easy with our comprehensive
building instructions as mos: components fit on the PCBs and setting-up
only needs a mulimeter
K300-35 Total Parts Cost 138 28, Discount Price for Complete Kit £98 79 K300-45 Parts Cost £142 74 Kit
Discount Pnce £102 36
RLH4&5 Reprints of Onginal Articles from Hi-FiNews [t 05 (FREE with Kity

LINSLEY-HOOD SUPER HIGH QUALITY AM FM TUNER SYSTEM
A combinalion of his ultra high quality FM funer and stereo decoder descnibed n ETI and the Synchrodyne
AM recewver described n “WW Cased to maich our 300 Senes amplifiers this kit leatures a ready built
pre-aligned FM front end. orase locked loop IF demodulator with a response down to DC and an advanced
sample and hold stereo decoder This tuner sounds better than the best of the high-priced exotica but thanks
to HART engineering remains easy to builld
K400-FM FM Only Kit Comp ete
K400AM/FM Full AM/FM Kit

134 61
£205 92

STUART TAPE RECORDER CIRCUITS
Complete stereo record. replay and bias system for reel-to-reel recorders These circuits will give studio
qualty with a good tape deck Separate sections for record and replay give optmum performance and allow a
third head monitoring syst2m to be used where the deck has this tited Standard 250mV input and output
levels These circuits are ideal for bringing that old valve tape recorder back to hfe
K900W Stereo Kit with Wound Coils and Twin Meter Drive
RJS1 Repnnts of Original Articles

£6567
£130n0 VAT

REEL-TO-REEL TAPE HEADS
Special offer of heads to surt *he Stuart Tape Circuits Four track stereo format (2/4) Universal mount ready to
fix to your base
998E Erase Head (tmH)
999R Record/Play Head (110mH)

£7 50
£8 50

HIGH QUALITY REPLACEMENT CASSETTE HEADS
Do your tapes lack treble' A worn head could be the problem Tape heads
are constantly improving and hiting one of our latest replacement heads
could restore performance to better than new' Standard mountings fit
most decks and our TC1 Test Cassette will make # easy to set the s
azimuth spol on As we are the actual importers you get prime parts at ’ q -
lowest prices All our heads are suitable for Dolby machines \
HX 100 Standard Sterec Pe'malloy Head £249
HC20 High Quality Permalloy Sterec Head £7 66
HS16 Sendust Alloy Super Head Quite simply the best Longer hfe than permalioy higher output than ternte
fantast-c frequency response metal tape capabiity €14 86
HQ551 4-Track head lor auto-reverse of guadrophomic use Full specificahon record and play head £1160
Full data on these and othet heads in our range are contained n our free list
HART TRIPLE PURPOSE TEST CASSETTE TC1

One e test ¢ you to set up VU (Dolby) level head azimuth and
tape speed without test equipment Vital when fiting new heads Complete with instruchons £4.66

Send for your FREE copy of our hsts with full details of our complete range of Kits Components PCBs
Cassette Heads and Decks - Overseas please send 5 IRCs lor Airmail Post

\ ELECTRONIC KITS LTD
1, Penylan Mill, Oswestry, Shropshire SY10 9AF
\ 24 hr SALES LINE (0691) 652894 Please add VAT
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Designing a high-speed

modem

Simple f.s.k. modems are no longer adequate for most
professional communications requirements: more
complex modulation methods and protocols are
increasingly being adopted. This article shows howa
V.22/V.22bis modem works. Subsequently the author will
illustrate the implementation of these standards with a

national and international telephone

networks, there is an upper limit to
the data rates that modems can achieve. In
most countries the recommendations of the
CCITT (Comité Consultatif International
Télégraphique et Teléphonique, an agency of
the UN) are used as a basis for selecting
frequencies and speeds.

The lowest speed commonly in use is
covered by recommendation V.21, which is
for an asynchronous f.s.k. system of up to
300 baud full duplex (i.e. capable of sending
and receiving simultaneously at up to 300
bits per second). Frequencies used are
1180Hz (space) and 980Hz (mark) on chan-
nel 1 and 1850Hz (space) and 1650Hz (mark)
on channel 2. The terms mark and space date
from the very early days of telegraphy, when
the pen either made a mark on the paper or
feft a space. Channel 1 is used by the calling
(or originating) modem and channel 2 by the
answering modem.

The highest speed available with simple
f.s.k. is covered by recommendation V.23,
which is an asymmetric duplex system with a
forward channel capable of up to 1200 baud
using 2100Hz (space) and 1300Hz (mark).
This spread of frequencies leaves a small but
usable bandwidth for a ‘back’ or engineering
channel on 450Hz (mark) and 390Hz (space)
having amaximum speed capability of 75bit/s.

Primarily, V.23 is used in half duplex
systems where the back channel carrier is
ignored and the clear to send (c1s) signal is
merely a delayed version of the request to
send (rts) input, the delay being used to
enable the channels to be turned around and
settled ready for the new transmission. The
exception to this is when the system is used
in viewdata applications, such as British
Telecom's Prestel service, where the 1200
baud forward channel is used to send pages
of information out to the subscriber, who
uses the 75 baud back channel to request
page numbers or to call for information.
When Prestel was first introduced a simple
numeric keypad was sufficient. This in-
cluded keys for 0 to 9 (for page number
input) and * to precede page numbers or
commands and # to terminate or execute
commands. However, with the advent of

Because of the restricted bandwidth of

ELECTRONICS & WIRELESS WORLD

practical hardware example.

KEVIN J. KIRK

extra services on Prestel and other viewdata
networks, and more especially the use of
two-way interaction via full alphanumeric
keyboards isuch as in telex traffic), the back
channel has proved far too slow. In addition,
many personal computers (such as the IBM
and Amstrad PCs) cannot transmit and
receive simultaneously at differing rates and
50 a software or hardware spooler is required
to slow down the outward transmission. This
has led to the provision of higher speed links
of up to 2400bit/s full duplex — usually with
error detection and correction, such as
Vascom or T-link.

Many other databases are now capable of
working at up to 2400bit/s. British Tele-
com’s Packet Switch Stream (PSS) and
International Packet Switch Stream (IPSS)
services operate at up to 1200bit/s full
duplex. BT Gold uses PSS and so is also
capable of up to 1200bit/s full duplex; access
at 2400bit/s has just been announced.

Although modems for these higher speeds
cannot make use of conventional f.s.k., they
must still produce a data signal that is
capable of being accepted as ‘speech’ but
stays within acceptable limits of errors and
drop-outs.

This requirement led in 1979 to the
CCITT's recommendations V.22 and later
V.22bis (bis denotes a secondary related
recommendation) which cover speeds of up
to 1200bit/s full duplex (V.22) and 2400bit/s
full duplex (V.22bis).

These recommendations have been
adopted as standards in many countries
including the United Kingdom and as such
they form a benchmark for truly interna-
tional communications.

However, to round out the picture the
other main recommendations and their uses
are summarized in Table 1.

DESIGN CONSIDERATIONS

According to the CCITT recommendations
for V.22, a modem will have the following
characteristics:

@ Full duplex operation on two-wire p.s.t.n.
and point-to-point leased circuits.

® Channel separation by frequency division.
e Differential phase-shift modulation with

Table 1: main standards recommended on the CCITT
for high speed data transmission. V.22 and V.22bis are
dealt with in detail in Table 2.

V.26 (V.26bis)

2400b|t/s asymmetric duplex (75 baud back channel)
with fallback to 1200bit’'s. Forward channel uses
four-phase modulation of a 1800Hz carrier at 2400bit/
s and two-phase at 1200bit/s. The back channel uses
fsk as for V23. This modem does not contain a
scrambler and is only capable of handling synchro-
nous erminals. (US equivalent Bell 201)

V.27 (V.27bis. V.27ter)

V.27 and V.27bis provide 4800bit/s full duplex over
leased lines with V.27bis having a fall-back to 2400bit/
s. V27ter provndes 4800biv's half duplex over public

itched tel twork (p.s.tn) two-wire circuits
with a fall back to 2400bivs. All have an f.s.k. back
channel of 75biv's. The forward channel uses eight
phase modulation at 4800bit's and four-phase at
2400biv's. V.27bis and V.27ter modems contain adap-
tive equalization with V.27 containing a manual equaliz-
er;h ver, V.27 is rec ded only for high quality
leased lines meeting CCITT recommendation M1020.
This modem contains a scrambler.

V.29 S

Thls sundard allows 9600b|t/s full duplex over leased
lines and 9600bit/s half duplex over the p.s.tn., with
possible fall-back to 7200 and 4800bits. It uses
eight phase modulation and amplitude modulation. At
480Cbit's the amplitude modulation is turned off.
under which conditions it is similar to V.26. it may be
multiplexed to provide one 7200 and one 2400bit's
channel, or one 4800bit/s and twc 2400bit's channels.
or four 2400bit/s ch Is. it has a scrambler and
adaptive equalization.

V.32

Full duplex 9600b|t/s trellis-coded modulation over
p.s.to. systems.

V.33

Capable of \;orking up to 14.4kbit's full duplex on
four-wire leased lines using trellis-coded modulation.

V.35/V.36

Wideband 48kbit’'s modem working over d\ea
108idHz band.

v

Synchronous modem with a signalling rate exceeding
72kbut/s using the 60-108kHz band.

Note: V.22 covered formerly the standard signalling
rates for p.stn. modems (now V.5). V.22bis covered
standard signalling rates for modems using leased
lines (now V.6).
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(nominal).

@ Scrambler included.

@ Test facilities included.

V.22bis is very similar except that in addition
it uses amplitude modulation to double the
data speed. To meet these requirements V.22
employs four-phase shift keying (d.p.s.k.) of
a 1200Hz tone (originating modem) or
2400Hz (answering modem). In the latter
case there is provision in the recommenda-
tion for an 1800Hz guard tone which en-
sures compatibility with the telephone net-
work’s requirements (it is transmitted at
4 6dB below the power level of data sig-
nals). Note that in certain countries (notably
Sweden) a 550Hz guard tone may be used
instead of or in addition to the 1800Hz tone.
The CCITT does not specify a level for this
guard tone.
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Fig.1. Block diagram of the Rockwell mod-
em chip set

To meet total power transmission limits,
the power level of the data carrier in the high
channel will be about 1dB lower than the
lower channel.

D.p.s.k. (delta phase shift keying) is a
synchronous transmission system that uses
phase changes on a carrier frequency to
convey digital information.

This means that if the incoming data from
the terminal is asynchronous then it first
must be converted to synchronous form.
This is achieved by using an elastic buffer
which enables the modem to compensate for
speed differences on the data train arriving
from the terminal. Allowable error rates are
1200bit/s +0.01% on the synchronous link
{between modems) and +1% or —2.5% (or

in certain circumstances +2.3% or —2.5%,
the difference usually being selectable by a
hardware or software link on many propriet-
ary chip sets) on the asynchronous link to
the terminal. The converter works by adding
or subtracting stop bits at a maximum rate of
one stop bit per nine consecutive characters.
In addition if the converter detects between
N and 2N +3 bits of start polarity (where N is
the number of bits per character in the
selected format) the converter will transmit
2N+3 start bits. If the converter detects
more than 2N+3 start bits then it will
transmit these all as start bits. This stream is
passed on to the receiving terminal via rp
(circuit 104 of the RS-232 link) to achieve
synchronization. If the modems drop out of
synchronization, they will regain it from the
following stop to start bit transition. This is
referred to as the break signal.

ELECTRONICS & WIRELESS WORLD



SCRAMBLING

After conversion, the synchronous bits are
scrambled. This scrambling process is not
for data security purposes., as it is self-
synchronizing. Instead. it serves to ensure
that the transmitted energy is spread
throughout the passband. especially during
quiet periods when no data is transmitted.
This ensures that the receiving modem can
demodulate the incoming signal coherently
and recover the transmit clock. Also it allows
the adaptive equalizer to update continously
and lock on to the optimum egualization
curves. A glance at Fig.2 will reveal that to all
intents and purposes the scrambler and
descrambler are identical: they consist of 17
shift register stages (tapped at stage 14) and
a pair of half adders (exclusive-or gates).
Therefore the data sequence is effectively
divided by the generating polynomial in the
transmitter. thus:

D=D,®&D.X "eDn.X "7

where D, is the output data stream from the
scrambler: D; is the input data stream to the
scrambler; @ denotes modulo 2 addition
and . denotes binary multiplication; and
where mark=logic 1 and space=logic 0: and
where the shift register clock rateis 1200Hz,

This means that if the number of shift
registers is N then the resulting bit sequence
representing a semi-random character will
be 2N—1 bits long and the maximum num-
ber of identical sequential bits will be less
than N. In addition. to ensure that remote
loop 2 is not instigated by a scrambler
lockup. circuitry must also be included to
detect a sequence of 64 consecutive 1s at the
scrambler output (D) and if detected the
circuit must invert the next input bit to the
scrambler (D,). This circuit will be inopera-
tive during handshaking (where detection of
1s is required for synchronization purposes)
and during the instigation of a remote loop
2. In the interests of clarity this detection
circuit is not shown in Fig.2.

Data is recovered in the receiver by multi-
plving the demodulated data sequence by the
generating polynomial, thus:

D,=D1+X "X ')

where D,, is the output data stream from the
descrambler and D), is the demodulated
scrambler data stream. Note that some
modem designers include a further circuit at
point D, to detect a sequence of 64 consecu-
tive 1s at the descrambler input and then. if
they are detected. invert the next output
from the descrambler. This circuit must not
begin to operate until aiter the handshaking
process is complete and as such is best
implemented in d.s.p.-based modems. This
scrambling process suffers from one major
disadvantage in that any single bit errors will
be multiplied by three with the first error
occurring during the recovered bhit sequ-
ence, the second at the first shift register tap
(14 clock pulses later) and the third at the
end of the shift register chain.

MODULATION

After the scram_}mmesultant datz;
hits are paired to form di-bits 00, 01, 10 and
11, with the left hand bit of each di-bit being
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Fig.3. Quadrature-locked oscillators are used to permit product demodulation: this
enables two baseband signals to occupy the same carrier space.

the one occurring first in the data stream.
These di-bits will be used during modulation
to form phase changes of 90° (00), 07 (01),
180°(10) or 270°(11).

Note that the phase to binany assignations
do not follow the natural order (i.e. 0°=00,
90°=01, 180°=10 and 270°=11): this is to
minimize errors due to phase inversion of
one of the carrier oscillators.

\'.22bis differs only in that the data chain
is broken into four sequential hits, called
quad-bits, with the first two bits being used
to determine the phase changes as before
(i.e. in relation to the preceding signal
element) and the last two bits being used to
modulate the amplitude of the carrier to
form a further division of the quadrant. As
this is essentially the only difference be-
tween V.22 and V.22bhis a special training
sequence is provided during the V.22his
connect sequence. Plain 600hit/s transmis-
sion in V.22 is carried out without di-bits.
using a 90° phase change to represent O and &
270° phase change to represent 1.

However, V.22 and V.22his are similar in
that transmission is carried out at the
optimum rate of 600 baud. Di-bits are passed
to the complex modulator, which consists of
two transmitters of identical frequency but
90° out of phase (in guadrature to each
other). In mathematical terms, if we have
two baseband signals Vim(t) and Vm.(t) we
can use a complex modulator (Fig.3) to
produce modulated carriers:

Vi) =Vm,(t)cosw,
Vg( t) =Vm3(t Psinu)‘

where w.=27F (1), creating sum and differ-

Teble 2: CCITT V.22 modes

Made Speed

1 12C0bit/'s synchronous

2 12CObit's start-stop (8.9.10 or 11 bits per
character)

3 600bit/s synchronous

4 600bit/s start-stop (8.9.10 or 11 bits per
character)

5 Asynchronous mode 1200 bit/s start stop

or Z200bit/s anisynchronous.

1 In moce 5he modem always transmits data ata
faster rate than it receives it from the terminal.
Permitted rates are:
0-301sit/s and 1170-1204bit/s in to 1205bit's
0-3053it/s and 1190-1221bit/s in to 1223bits.

2 A V.22 modem will normally offer either modes
1. 3 or 4 or & combination of modes 2 and 5. the
required version being decided according to the
héndshake sequence on the p.s.tn. link.

3 Bell 212A is the nearest US equivalent and
drfers in tha: it has no 600bit/s fallback, can only
accept eight or nine-bit length characters and has
orly overspeed (+1% to - 2.5%). However it has
scme additional features: for example, it can
detect originating modems in answer mode and
wll automatically disconnect on receipt of a ‘long
srace’ (essertially a space lasting between 3.8 and
4.7 seconds). As a matter of interest. many
cemputer bulletin boards running in the UK are
using Be | 212A rather than V.22 (probably unbek-
newn to the system operator, since many higher
speed modems automatically detect and select
Bell 212). This means of course that true CCITT
V22-only modems (or those with hardware select
limes), sLch as the Thomson 7515, will not work
properly through no fault of their own. Symptoms
ol this zondition are continuous errors, most
neticeable during the quiet periods when every
ehth bit is missing: depending on the receiving
terminal, this usually produces Y or Ya signs on the
screen. For this reason our design will be capable
otworkirg or both Bell 212 and V.22
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Fig.4. Characteristics of the raised-cosine
filter. This filter also removes unwanted
harmonic contentfrom the modem output.

ence frequencies about the carrier frequen-
¢y, thus:

V=V +Va(t)
Vm, (t)cosw, + Vmo{l)sine,

Demodulation is a relatively easy matter
because similar quadrature-locked oscilla-
tors are used to permit product demodula-
tion to take place (Fig.3). The advantage of
this system of modulation is that it enables
two baseband signals to occupy the same
carrier space. However. the disadvantage is
that if phase lock is lost then severe crosstalk
will occur between the two modulating
signals.

The output of the modulator is usually fed
to a low-pass filter (especially in d.s.p. based
modems) to remove harmonic content and
to a fixed compromise filter that performs a
raised cosine function (Fig.4). This gives an
output with a frequency spectrum equiva-
lent to the square root of a raised cosine with
75% roll-off. Group delay characteristics are
given as *+100us over the frequency range
800-1600Hz (low channel) and 2000-
2800Hz (high channel). In d.s.p.-based mod-
ems this is the point where digital to ana-
logue conversion takes place. Similarly. in
many single-chip V.22 modems this is where
the signal is transmitted to a duplexer.
sometimes referred to as the hybrid. which
performs the four-wire to two-wire conver-
sion (modem transmit and return, modem
receive and return).

HANDSHAKING

For correct operation of adaptive equalizers,
and to ensure synchronization, a handshak-
ing sequence is called for in V.22.

This sequence
® detects carrier:
e adjusts automatic gain control circuits;
® sets timing synchronization;
e converges the adaptive equalizers, if
fitted:
e synchronizes the descrambler.
This training sequence is crucial and must
be strictly adhered to. Figure 5 illustrates
the V.22 connection sequence: Fig.6 covers
\'.22his. Note that the S1 bit pattern is the
only difference between V.22 and V.22his
and so | shall describe only V.22 in detail.

~ ORIGINATING MODEM SEQUENCE

After 155ms (+50ms) of unscrambled 1s
from the answering modem have been de-
tected. psk is turned on. The originating
modem will then remain silent for a furt