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1. Introduction ' Thie peper ia concerned with linear electric met-
works used for the procesging of analogue signala in somar eqnlp:ent
The processing requirements are in geperal similar to thoss

in telecommunicatlon systems; i.e. filters, delay, aignal shaping and
equalising networks, with highly frequency=selective tranafer funct- '
jons T{p) (p being the complex frequency paremeter), are required.
Theres 1s, however, in the case of sonar a restriction on space which
can be met only by microelectronic realisati.on of -the signal process-
ing networks.

Conventionally, :«euato;--uﬂmt&n-cap‘apitur (RIC) edreuitswould
be used. However, inductors camnot be realised in microeleotronicfornm
and RC networks on their owm cannot produce highly selective charso-
teristlios, like filter responses with sharp cut-offs or all-pass res-
ponseswith non-monotonie delay-frequenocy curves, In order to achieve
both high selectivity and micrcelectronic reallisability we have, in
‘addition toR and €, to use transistors. (T) as olrcuit elements (or

. similar semicenductor devices). -

2, Network Theoreticel Consliderations The high aalectir.i.ty which
can be obtained with RIC filters, ia achieved by interaction of pos-
itive reactances (not avallsble in the case of pasaive and tims-ine
veriant RC networke) and negative reactences and by rlacing some of
the poles af T(p) very near the imaginay p-axis (in the RC case the

. poles are restricted to the negative real p-axis)., In RCT networka
these restrictions can be overcome by various methods, nome of which
are fully satiafactory, because the sensitivity of -the perfarnance -
characteristics of RCT networks 1a in many (slthough not in all) re-
spects significantly higher than that of corresponding BLC networks.
Therefors, research aimed at sensitivity mimimigstion, supplemcnied by
compenent research to min:lmisa their variability, ise a.ctively Tursued
at nany places.

Three main approaches to the synthesis of h.'.lghly selecﬁve RCT
networks are being used: by non~-reciprocity, by activity, by the use
of pericdically tipe-varying parsmeters, It is relevant, in practice,
that non-reciprocity -~ although in theory compatible with passivity,
can in practice only be realised with the belp of activity (perici-
ically tipe-varving networks can often be simplified by inclusti o of
active compoments).

3, Non-Reciprocal Methods The simplest non-reo:l:procal elemmt is
the gyrator iGi which is a passive two—port (its realisation is dis~
cussed below) with t:'amniasl.on m.irix[ -1 0] 80 that v,=Bi,,

¥y =Ri {see Fig. 1a). If part 2 is terminated by an impedanos Zz, thex



the imput impedsnce at port 1 is 2y=RZ/Z,. Thus, if port 2 ie termin-
ated by @ capacitance C, we obtain Z4 =pRZ, i.e. the impedance ofan
inductence LoR20. Therefare, with the help of gyratars, we can sim-
late RLC networks (and utilise existing RLC desians) by simulating
each I by a GC combination. If nome of the terminals of a required L
is sarthed, a "floating® gyratar is required, which is feasible but
insomvenient., In this case the equivelence shosn in FH 1t can be
utilised (easily verifiable by matyix multiplication) i,

Gyratara can be similated electronieally in varidus ways. Fig.
2n ghows m suitabls circult consisting of two ideal voltagecontrolled
current sources; Fig. 2b shows a gyrator eireuit {imput port (1,0);
output pert (2,0)) conteining three "ideal” transistors (the coll=
ector ourrent being assumed to be equal to theemitter current end the
enitter voltage eqial to the base voltsge) amd two impedamces Za=Zp=R
(proof by ingpection). )

4. Active Methods There are various metheds for utilising sctivity
to overcome the limitations of passive RC networks, only some of which
will be discussed. : ’

4.1. Bimilating methods These are similar to those discussed in
8ection 3, If the gyrator in Fag, 2b is terminated at port (2,0) bya
oapacitor, and if port (3,0} is recarded as the output port (Zy being
renoved), then we, obtain a generalised impedance converter (GIC),
which in this particular case converts & resistance Into an indue-
tance, Floating irduotur? S:an also be simlated by means of two such
converters (see Fig. 20){2). This method can be generslised to asimu-
late the L-subnetwerk of an RLC network by an R-subnetwork, connected
via a multi-GIC network to the. RC-subnetwork.

A related method'?) i based on the Fact #at we oan cbtsin a
one-part with impedence 2=1/(RC%p?), far example by choosing in Fig,
Zb ZecZb=1/(pC) and terminating port (2,0) in R, This peraits us to
replace in an RIC network each element with impedance Z by an element
with impedence %/p, which leaves the valiege transfer ratic un-
changed; the transformed network can then be realised as an active RC
circuit.

4e2. Feedback pethods Only principles will be discussed. In the
circult in Pig. 3a, where T(p)=N(p)/D{p) end N(p), D(p), Dolp) are
polynomisls in p, the depominatar Dgl(p) of the oversll transfex func-
tion To(p), Do=D=-88N, is not subject to, the restrictions epplying to
D(p). Typical practical circuits 4a,b;5) of this kind, where T(p)and
£ are interdependent, are showm in Figs, 3b,c. A different principle
15 invalved in the circuit in Fig. 4a for g + «; its overall iranafer
function approaches Tu(p)=1/T{p). Since only the poles, but not the
zaros of T{p) are rostricted to the negative real p-axis, the poles
of To{p) are derestricted, By cascading this clrcuit with an RC cir-
cuit with tranafer function Nq{(p)/D(p), we can obtain an arbitrary
transfer function N4(p)/N(p). An example is shown in Fig. ib.

Whereas by the methodg described in Section 4.1. the required
T(p) in realised as a whole, the feedback methods are usually applied
to quadratic and/er blquadratic functicns, into which T(p) is fac-
tarised, the corresponding circults being cascaded via buffer ampli-
fiers. Particularly low sensitivity is obtained by a g-amplﬂiar eir-
cuit (see Pig. 5) simulating an RLC resonant cirouit(’),

5. Perlodically-Time«Varying Methods The basic principle of these
methods 18 to cerry out the filtering operation in a much lower fre-
quency band than that in which the sslecticn is required. In this
way BC networka can be used far the filtering operation, whereas in
the original frequenoy btand RIC or even arystal networks would be
required. Two atages of frequency translation by modulation are in-
velved, anl at least tws paths are required (Fig. 6a) in order to




suppress, by mutual cancellation, output frequency components not
eontained in the input, A fgsxaralisauon of this omeept is repre-

gented by the N-path fil {Fig. 6b). Band-limiting imput and
output filters (f<iNfg, fo=carrier frequency) ensure that a transfer
function exists, i.e. sny input frequenoy produces only en identical
output frequency. Instead of 2N modulators only two conmtating
switches are needed which can be reslised as microeleotronlo MOl de-
vices. Tn terms of the transfer function H(p) of the (identical) path
netwarks the oversll transfer function T(p) is propartional to

o YH(p+ Juc)+e™IH{p-Juc). Thus, if H(p) is an RG transfer function so.
that B if p=—0j (04 real, >0), then Twwe, if p=-cisjig; 1.e. the re-
striotion applying to the poles of time-invariant RC networks does N
not epply to periodically time-~varying RC networka.

Single sideband generatlon and detection by quedrature modulation
1g based on a popevhat similar principle: highly seleotive discrizi-
nation between the sidebands is obtained by signal procesaing withRC
networks at base band frequencies. A miercelectranio realisation of a
demcdulator of thies type {involving also active filters) is described
in ref. 8. '

6. Sample-gnd-Hold Cirguits (time-varying active RC ciradtp) Any
required function T(p) can be synthesised by tapping a multi-gection
delay line at its junctions end feeding the’ sums of appropriately
wejghted junction voltages to the input and the cutput of the 1ine('9).
The delay sections can be realised by gated capacitance stores con-
trolled by a clock frequency the delay being propartional to this perlod
(see Fig. 7). Ref, 10 describes a microeleotranic realisation of suoh
a deley cireuit, using tantslum thin film capacitors amd resistare, a
monolithic ©,0.8.t, circuit having two 3-way switches and an oper=
ational amplifler.

7. Sensitivity Pass band aensitivity of feedback cirouits increases
with the Govelues of the gqadratio factars of the dencminator of T(p),
and is mueh smaller for the J-amplifier circuit tham far single empli-
fier circuits. Reslisetion by simulation usually leads to, leas sengi-
tivity than realisation by factorisation and h:ffering(” . Time—
varying circuits usually have much lower pass banl sensitivity {often
lower than that of BLC circuits) but incressed stop bend sensitivity,
andfor the sippression of frequsncy components not contelmsd in the -
input is highly sensitive. It is relevant to note, that our final
practioal aim is not minimisation of sensitivity as such, but mini-
nisation of totel variation of response. E

8. Other Requirements Once the sensitivity problem has been solved,
other points like couponent velue spread, nolge, dynanic range, heat
dissipation, and ultimetely relisbility and cost requireconsideration,

9, Practical Results and Conolusion Much of the relevant work being
dons at present is still in the stage of feasibility atudies .12).
However, practical microelectronie circuits have besn developed which
are spplicable to parrcw band pasa fllters used in' the Doppler fype
of sopar receiver and to delay netwarks used in beanm foraing arrange-
'pents and will be desoribed at the Meeting.

References : . : ] .

1a. IEE Gyrator Coll., 1968; Digest 1968/12; b. Holt and Taylor,
Flectronics Letters, p.105, 1965. . .

2. Gorski-Popiel, Electronics Letters, p.381, 1967.

3. Bruton, IEEE CT Trans., p.406; 1969, ‘

4a. Sallen and Key, IRE Trana, OT, Sept.1957; b. Baraga, Electronics
Letters, Oct.1967. ,

2. Piercey, ATE Jnl, Vol.2t, No.2. .

8. Sutaliffe, Eleotronio Enginsering, P.399, 1964,

7. Franks and Sandberg, ESTJ, ps1321, 1960.




2ho g

I.s -y
N =
. [d

Calpin, Hewkes, Sarags, Tarbin, Jol. Solid State Circuits,
pe26, 1967; see almo: Sarags, Electronios Letters, April 1967,
Kuntz, Proo.JEEE, p.2092, 1968.

Galpin, Blectronics Lettersa, p.137, 1968.

« Orchard, ibid., p.22h, 1966; b. Sheahan and Orchard, ibld,
P.390, 1966 and p.40, 19%7; o. Sheahan, ibld p.39, 1967.
Saraga, Proc, Nato Adv. 8tudy Inst. Signal Processing,
Enschede, 1968.

3-5“3& A
r-ins counter




