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1. Introduction ' This paper is concerned litb linear electric net-
works need for the processixu or 311310918 signals in snnar eminent.
The processing requirements are in general similar to flame '
in telecommunicaflon systems; 1.5. filters, delay, signal shaping and.
equalising networks, with highly frequency-selective War mnct- '
ions 1(1)) (p being the complex frequency parameta‘), are required.
There is, hawever, in the case of sonar a restriction on spnce Ihioh
can be met only by microelectfimic realisation ef-tbe signal process-
ing netwurks.

Conventionally, resistor-Motozhcepnoitm' (Rm) cimits'ould
be used. However, inductors cannot be realised in nicroeleeflOMoforn
and RC networks on their on cannot produce highly selective charac-
teristics, like filter responses with slurp cut-offs or ell-pass res-
ponseevith non-monotonic delay-Frequency curves. In onier to achieve
both high selectivity and micrOelech-mic reeliubility 'e have, in
Edition to n and c, to use hastening oirulit elements (or

. similar smicondnctor devices). -' w W

2. Network Theoretical considerations The higx selectivity which ,
can be obtained with Ru: filters, is achieved by inter-cues of pen-
itive moctances (not available in the case of passive and fine-ilk
variant RC networks) and negative reactsan and by placing some of
the pales of 1(1)) very near the imaginary p-axis (in the RC case the

. poles are zestrictea. to he negative real p-sxis). In 39! .netwodie
these restrictions can be wax-come by various methods, ncne of which
are fully satisfactory, because the sensitivity of the para-ism
characteristics of Her mum-ks is in many (although not in .11) re-
spects significantly higher than hint of mesponding 8L6 netmxrka.
Therefore, research aimed at sensitivity minimisation, supplemnted by
celpanent research to minimisetbeir variability, is Actively passed
at haw places. - . - .

Three lain approaches to the synthesis w highly selective 361'
networks are being need: by non-reciprocity, by activiw: 1’! the use
of periodically tine-Vm parameters; It is ales-ant. in practice,
that non-reciprocity - almond: in fileu’y conpatihle Iith passivity,
can in practice only be lealised utth the help or activity (period-
ically tine-varying networks can often be sinpliried by includm of
active comments). - . -

3. Non-Red Deal Methods The simplest non-redwood eleinent is
them iGi which is e gsssivetwo-port (ite'reslisatlen is dis-

cussed below) nith tram-ide mtg-ix [3-1 so that via-8.12,

Viki1 (see Fig. 1a). If port 2 is terminated by on ilpedance 22, the:
 



 

the input impedance at part 1 is 21:32/22. Thus, if part 2 is termin-

ated by a capacitance C, we obtain Z1 =pRZG, i.e. the impedance ofan

inductance HES. Thereftre, with his help of mature, we can simu-

late EH: networks (and utilise existing RID desizm) by simulating

each I. by s cc combination. If none of the terminals of a required L

is ear-flied, a "floating" grater is required, which is feasible but

incluvenient. In this case the emivelence shown in PE 1b can be

utilised (end-13 verifiable by matrix mltiplication) 5.

Gyratora can be simulated electronically in various we. Fig.

a; share a suitshle circuit consisting of two ideal voltage eontrelled

mat sources; Fig. 2b shows a gyrator circuit (input ort (1,0);

output port (2,0)) containinz three "ideal" transistors the call-
ector eu-rent being seamed to be equal to meemitterourrent andthe

emitter voltage emal to the base voltage) and two impedames za=z~b=n

(proof by inspection).

L. Active Methods IThere axe various methods but utilising activity

to overcome the limitations of passive RC networks. only some Ofwhiah

will be discussed. - '

l...1. simulating methods These are similar to those discussed in

Section }. If the avatar in F18. 2b is terminated at port (2,0) by a

capacitor, end if port (3.0) is regazded as the outwt port (Z1, being

removed), then we. obtain a generalised impedance converter (GIG),

which in this particular case converts a resistance into an induc-

tance. Floating inductor? pan also be simulated by means of two such

converters (see Fig. 2e) 2 . This method can be generalised to simu-
late the L-suhnetwvx‘k of an Rm network by an Rosuhnetwork, connected

via a. multi-GIG network to the. EG-subnetwork.

A related method”) is based on the fact that me can Obtain a

one-port with inpedence k1/(R62p2), far example by choosim in Fig.

2b 23=Zb=1/(pc) ani ta-ndnating port (2,0) in X. This permits us to

replace in an Rm neka each element with impedance Z by an element

with impedance Z/p, which leaves the valtage transfer ratio un—

charged; the trsnafmed network can then be realised as an active R0

circuit.

in?- Feedbafl'methods Only principles will be diecmsed. In the

circuit in Fig. 3a, where T(n)=N(p)/D(p) and Mp), Np). Do(p) are
polynomials in p, the demoninater Def-p) of the overall transfer func-

tion T°(p), Do=DnbiN, is not sub eat 11: the restrictions applying to

D(p). Typical practical circuits hams) of this kind, where T(p)and

5 an interdependent, are shown in Figs. 3h,c. A different principle

is invalvbd in the ciralit in Fig. be for u -0 an; its overall transfer

function approaches T°(17)=1/T(p). Since only the poles, but not the

zero: or T(p) are restricted to the negative real p-ste, the poles

of 13(1)) are derestricted. By cascading this circuit with an RC cir-

cuit with transfer mmtion N1(p)/D(p), we can obtain an arbitrary
transfer funetim N1(p)/N(p). An example is 81mm in Fig. hh.

Ihereaa by the methods described in Section 4.1. the required

13(1)) is realised an a whole, the feedback methods are usually applied

to quadratic and/hr biquadratio means, into plaid: T(p) is fac—
torieed, the con'eeponding cirmits heirg cascaded via buffer ampli-

fiers. Particularly 10!! sensitivity is obtained by n g-aqfli‘riar cir-

suit (see Fig. 5) similating an Rm resonant ms“ ).

5. Fmedlmllx-Time-Vmg Methods The basic pnnciple of these

nethnds is to carry out the filtering operation in a much lower fre-

quency hand than that in which the selection is required. In this

way RC network can he used for the filtering operation, whereas in

the original mnemme orevu: crystal networks would be

required. Two stages of frequemy translation by modulation are in-

velved,uflatleaat twopathe “enquired (Fig. 6a) inn-dorm

 



  

suppress, by mutual cancellation, output frequency components not

contained in the input. A E; sralisatlon of this concept is repre-

sented by the N-path m. (Fig. 6b). Band-limiting input and

output filters (kfiNro, f°=carrier frequcmy) ensure that a transfer

motion exists, i.e. any input frequency produces only an identical

output frequency. Instead of 2N modulators only two oomnutatlng

switches are needal which can be realised as nicroeleoh-‘onio Hostes-

vices. In terms of the transfer function H(p) or the (identical) pas:

networks the overall transfer function T(p) is proportional to

ejVH(p+duc)oe'JYH(p-juc). Thus, if E(p) is an RC transfer function so-

flmt Elise if p=<ri (:71 real, >0), then T-wo, if'pa-o'ujuo; i.e. flee re-

striction applying to the poles of tine-invarith networks does '

not apply to periodically tine-varying RC networks.

Single sidebsnd generation am detection by quadra’ou-e madman;

is based on a somewhat sinilar principle: higzly selective discrini-

nntion between the sidebands is obtained by signal processing withnc

networks at base band he amiss. A microsleotrcnic realisation of a

demodulator of this type Tinvolving also active filters) is described

in ref. 8.

6. Sangle—and-flald cimits [tine-Ivarmg active RC circuits) Any

required function T p can be synthesised by tapping a multi-section

delay line at its Junctions and feeding the'suns of appropriately

weighted Jmction voltages to the input and the output of the 1.1119(9).

Tue delay sections can be realised by gated capacitance stores eon-

troued by a clock frequency the delay being pmpoz-tionaltofidsp’md

(see Fig. 7). Ref. 10 describes a microelech realisation of such

a d'elay circuit, using tantalum thin film capacitors anl resistors, a

monolithic n.o.s.t. circuit having two B-W switches and an oper-

ational amplifier.

7. Sensitivity Pass bend sensitivity of feedback circuits increases

with the Q-values of the qzadratio factors of the denominator of T(p),

and is much smalla‘ for the yamlit‘ier circuit tlnn for single amplir

tier circuits. Realiaaiion by simulation usually leads to less sensi-

tivity sum realisation by factorisetim ma m::-ins<“). nu-
varying circuits usually have machlayer pass bani sensitiviv (often

lower than tint of am circuits) but increased stop band sensitiviw.

and/or use aggression or frequency components not contaimd in the

input is highly sensitive. It is relevant to note, that our final

practical aim is not minimisation of sensitivity as sudl, but mini-

misation of total variation of response. '

8. Other Reguirements Once the sensitiviw pivblem has been solved,

other points like component value spread, noim, Will-9 rang, heat

dissipation, and ultimately reliability and cast recyireeonsideration.

9. Practical Results uni Conclusion Much of the relevant _ rk being

done at present is still in the stage of feasibility amiss 12).

However. practical microelectronic circuits have been developed iaioh

are applicable to narrow bard pass filters used. in' the Doppler ups

of sonar receiver and to delay networks used. in ban tuning analge-

mema ani will bedescribed at the Meeting.
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