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‘ Introduction, ) .
At pressnt an integrated cireuit is only economic when it is

mase produced, The cost of art work alone for guite simple thin-
Tilm or thickefilm cimuits is quite staggering. The. hybridisation -
of monolithic and either or both of the film technologles to create
apecial "low-Tun" circuits is uneconomlc while the cost of art work
remajins hi@m.(1fiomputer aided design techniques with automated art
work machinea are already available in some organisations., One
day thepe facilities should be availlasble to all just as computer
time can be purchased now. For the present though, it is still’
feasible to ugse discretr devices, together with integrated masse -
produced c¢ircuits in the desipn and manufacture of sonar signal
processing systema.

Brief Survey of Digitsl Microcircuits.
Mach initial effort went into the development of digital

integrated eireuits for use in space and computer technoligies.
Early circuits were usually copies of those which could be made
using discrete components, snd indeed, this is still partially true
today. One major excertion was the 1ntroduction of a mlti-emitter
transistor as the gating device, and the resulting transistor-
transistor logic (TTL)} circuits ere very popular. In the U.X, in
particular, the 74 seriesz of these TTL devices is marketed by many
. manufacturers, and with increasing popularity this series is now
very competitive with the slower diode-transistor and resistance-
tranaistor logic families. Compatibility, both electrically and
mechanically between devices made by different manufacturers is an
important factor when deciding whioh family of cirouitas to use,

Increased scales of integration have been modest when using
bipolar transistor circuite, and the metal-oxide-semiconductor type
of davice has led the way in large scale integration techniques.
Eere, because of expemsive art work, it ies impertant to have large
production runa to produce an economls device. lLarge scale inte-
gration devices for ecivil applications are still too expensive for
many without thelr own in-house produstion t‘a’c{,i}ities. ‘Indead spart
from suoh eireuits as the digital correlator large scale inte-
gration progress has been rather disappointing in sgmar development
work.

For higher speeds, non-saturating emitter-coupled legic
flip-flops, with toggling rates of 100 UEz ere available for about
twonty shillings. If faster speeds are essential, and finance )
available, designers can call upon devicee with propagaticn delays
less than 3 mbnoseconds, and flip-{lops can be made to run at toggle
rates up to 350 IHz, The future limit in apeed would apptas to be
created by power dissipation and interconnection problems 3,
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The State of the Art in Analogue Integrated Circuits.
The operations required for scmar eignal processing units are
- those of mdding, subtrsction, modulatiom, maltiplication, emplification
and frequency filtering. The first three of these operations are those
encountered everydey in the analogue computer field, and, within the
limits of frequency respomse, HAY ve achieved uging integrated circuit
operational smplifiers. These are now highly developsd, and several
so called generations exist. Many manufecturers make electrically end
mechanically compatible ecircults, and in this respect the integrated
operational amplifier is similar to many digitel microcircuils.
Several iptegrated modulator circnits exist, -and a8 with &ll
compenents as their popularity has increased their price has fallen.
Yow, for example, a balanced integrated modulator which givea signal
and carrier rejection levels of at least 40 4B can be bought for one
or two pounds sterling. Even with discrete compenents, the design
of & good linesr maltiplier with a good dynsmic renge was very gif-
ficult. Integrated circult technology could to a oertain extent
help to solve the problems which are painly those of matching com-
ponents, It is therefore surprising that integrated miltipliers
have only just become evailable, and these still need resistance
tyimmers to achieve zero offsets. Ome such multiplier has & double
ended output, and neede an operational amplifier to cbtain a single
ended owtput. The manufacturers claim that it is the operational
amplifier which limits the frequency TRaponse, .
Integrated amplifiers are available in many configuratioms
The cascode configuratiom is quite popular, end many integrated
amplifiers ere based on this. The noise performance of this con-
figuration is claimed to be the best that can be obtii ed for a two
rtape amplifier wsing integrated bipolar transistors'4/. Its noise
rerformance nevertheless falls short of that which can be achieved
using discrete low noise bipolar tramsistors. In the integrated
cascode amplifier gain can be controlled by varying the operating
current of ome or both of the cascoded transistors. With the cosrect
choise of automatic gain comtrol components over two cascode amplifier
stages, an input signal with a 60 4B dynamic range can be conmpressed
to about 10 dB, the dynemic range of most cathode-ray tube displays.
Filters are very difificult to realise in microcireuit form
at the normsl frequencies encounterad in BONAT Proceéssors. 4 Tirst
step towards microministurisation is to replace c?g?citance-inductance
circuits by capecitsnce-resistance actlve filtersi-/.. In the commnlcaticns
fiold active filters are used which are hybrides of film and monclifthic
technologies\®), In sonar work standardisation of filters is nesrly
_impoapible because each system has different specifications. A step
towards etapdardisation would be to adopt some amplifier configuration
embedded in CR elements to give the correct transfer function. The
amplifier-wml(a S:e standerd but the CR elaments would be non-standaxd.
Hepath filters 1) could also polve tgis problem particularly if linear
integrated mltipliers becoma cheap ~/. The N-path filter is wvery
attractive since it ocan be tuned by an externally injected signal.

Comparison of digital and analogue integrated cireuits in sonar.

Very often it is possible to perform s particular eignal pro-
vessing operetion by using either analogue or digital techniques. A
" gemeral principle is that the designes should ohooee the system which
can be most easily implemented, and usually this is also the cheapest.
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Consider & simple pulsed sonar oystem which gives both range
and bearing information, where bearing information is gained eniirely
from the phasa of the received signal. Since this can be obtained
feom gero-croseings of the returning milsed carrier aignala, the
signals may be hard-limited ipmediately after reception. The pro-

. cemssor then operates upon signals which are esgentially blnag

and it would aeem obvious to use & digital processing systen ’.
However the processing may ba cerried out using analogue tauhnirqusaﬁo).
The fact that the digital processor could use mostly integmated
elestronics ,reduces costn and the digital processor seems to have-
prospered '). - .

In & within-pulse scanning scnar, the sinn.sxing mechanism
mathematically carries out a Fourier traneform 12), The E er
Tranaforlf %y of course be obtained from either a digital(“ ) ar
analoguel'?) processor. Even the fast Fourier irensform (FFT)
algorithh .- cannot reduce the tine required to carry out the trans-
form indefinitely, and in some lnstaces a digital realisation may
provide insufficient renge resolutiom. (ne eolution to the mnalogue
type of Fourier trtzna orm mechine is to use modulation and remod-
viation technigues®13), and with the availability of relisble balanced
integrated moduletors this solution 1s very attractive.

Where (hé?l resolution ie not required, the availability of
TFT hardwarel16)which can be coupled to a digttal computer may decide
the designer to use digital techniques. This is particularly advan-
tageous, if he requires a versatile system which tav be converted
quickly, to give for example. doppler information 1 )- In any case
a study of the FFT algorithm can enable the switched beam type of
system to be realised in analogue form using less components,

Conclusiong.

No doubt thers will he many changes in the future,and it
ip Aifficult to look far shead. Claima haﬁa‘seen made that tristeble
¢circuits could increase processing speeds, apd if devices of thie
typo should become avallable ocur ldeas of today could be completely
chenged. Analogue integrated circults will become more versstile,
mora . varied in the operations they can carry -out, and with their
increasing use their price will become reduced. Perhaps even in-
creased scales of integretion will occur in analogue mic\rocircuite'.

4Any predominance of either digital or analogue microcireuits
will depend upon how the semiconductor industry etabilisea, It can
stabilise on the product, in which case digital mtag'rate‘d circuits,
which need few if any additional components, will probably dominate,
However should the industry stablise on the process, comp]:fate inte-.
gration, using hybridsation of monolithio and film technologies,
would become mvailable to all. TUnder these cirocumstances, ‘neither
-analogue nor digital components-would be dominant. ’
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