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ASALISATIONS OF SINGLE ANFLIPTER WETHWORNS
. witTh SPECIPIRD POLS Q- OR POLB
S " PREQUENCY SEWSITIVITY

i;{

BAREBWORA PRATAP SINGH

ARSTRACT

The thesis discusses realizations of second ordar

open~circuit voltage transfer functions by single amplifier
active RC networks. These realizations are obtained with

prescribed sensitivities of Q or ¢ with respect to the

(+]

amplifier gain while minimizing the gain sensitivity product
(CSP} of Q orx “, In addition, the element spread in the

resulting networks is constrained to lie within acceptable

limits.

For this purpose, the bounds on the sensitivities
and other properties of the possible &mitionn of the
second degree denominator polynomial of the trensfer functiom

(3
to the amplifier gatin only is considered.

shown to
capeciter

are first studied. Since the amplifier gain has a much
larger variation compared to that of any passive element, A
the probles of prescribing O- or «, - sensitivity with respect

alizations for every polynomial w:xg are b
ist. TMheee realizations may be sither of sinisal :
or of the aon-minimil cepecitor type. Galy
tions (designated Ila and IIb) are ml- b

¢ «
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suitable for serc Q-seasitivity u‘uﬁm* Rowever,
these networks are shown to be wasful for low O and low

frequency applications only,

Three decompositions (designated as Ic, 1lc, and
111) provide umab-.cnutivuus. The corresponding real-

fzations are always non-minimal. The realizations are found
to be suitable for hyDdrid IC technology. Purther, for the
decompositions Ic (with positive feedback) and IIc (with
negative feedback) either the O:.en:itivity or the gain O~
sensitivity product (GO-SP) has alsc been minimized while w_~

{+]
sensitivity has been made either zero or low, of the order of

o

Design Curves for the high Q realizations for var-
fous filters belonging to the decompositions I¢c and IIc have
been given. Por the decomposition I1Ic, the Band Pass, All Pass
and Notch filter realizations can be obtained rpadily from
these curves when O-sensitivity or GQ-8P is either preacribed
or required to be minimum with zero “o" sensitivity, PFor Low
Pass and Righ Pass Filters, while uo—nmsitivity can not be
made zore, it is of the order ;—6 and the realiszations can
again be obtained esasily for a prescribed or minimized O~
sensitivity or GG-SP. The GO-SP obtained’ (QF for Band Pass,
Notch and All Pdes, 3.1Q0 for Low Pass and 1.86Q for u§h Pass)
for theee realizations is believed to be lower than thowe of
existing networks reported ltn tha literature. Por deCOmposi-~
tion Ic Band Pass, Low Pass, Righ Pass and Wotoh filtar re-

E.3
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slisations ocan umﬂﬁz esse !mtlihnﬁm
vhen O-sensitivicy or +8P is prescribed or required te be
miniman while a°~:mtt1vity u tero. The valuss for 00-5P9
(lower than 3.3%20) obtained !a; the BSand Pass, Low Pass and
Wotch filters are once agein belisved to be lower tham thoee

of the existing networks in the literature. In all chese
high-Q realiszations, obtained for the decompositions Ilc smd

Ic the capacitive slement spread is constrained to lie with-

in at wmoet five.

One Band Pask filter network for each of the

decompositions 1la, IIc and Ic was built with discrete
elements and tested. The experimental results agree closely

with the theoretical predictions.







1.1 GENEBRAL

Considerable amount of literaturs exists on the

design of the resistively termineted passive ILC filters (11,
{2). These filters are attractive, since they are absolute-
ly stable and have no seriocus sensitivity problems aseo-
ciated with them, However, they suffer from some serious

limitations, because of the following reasons:

+

1) Nonlinear frequency dependence of the quality
factor Q of the inductors and the variation of Q
from one inductor to0 another make an accurate

filter design complicated.

Magnetic Poupling betwsen inductive elements may
create problems, such as in satellites cftryinq

instruments $o measure very weak signals.

Large size and greatly increased cost of inductors
for low fregquency applications such as in Analog

computers, control systems etc.

LY

Recent trend for micro-miniaturisation
incressing interest in Integrated Cireuit (IC)
has confronted the dusigner with perhepe the most
dravbeck in the use of inductors, ae they cannet sanw
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These aifficulties may bes overcoms by esploying

active RC-filters ()), (4). Their design requires only resis-

tors {(R's) and capacitors (C's) al é;'ith active ¢lemegts. The
active RC-filters offer additional advantages over RRC-fllters,

Some of these are:

'
1) Active RC-Networks are not bound by the two

restrictions, passivity and reciprocity, inherent
in RLC-Networks and thus they can &tiiu not only
wvhat passive RLC-Metworks can, but also may be

used to realjize characteristics not realizable

with passive networks.

i) Input Impedance may be made in genaral high com-
pared to sourte impedance and thus active RC filters
will Araw little power from theg signal.

E ]

114) Output impedance can be designgd to be low com-
pared to that of load, thereby rendering the voltage

response  independent of the load impedence.

iv) Prequently, these filters provide insartion gaia
which may be dssirable in many spplicatjons.

_Nowever, active RC filters, if isproperly dweigned,

-

have two mejor Adrawbacks, namely:

) They say becomss ‘m.ubk.

i) They may be sensitiwe «mmm

tions. ey ¥




, proper care should be emercised in sheir

-

1.2 METHODS OF REALISING RC-ACTIVE NEYWORKS:

Varjous realization proceduree using a variety of

[ 3

active elements have been rq:orfcd in the literature (33,

{4). These may be broadly chashified as follove:
1)  Polynomial detomposition approach. i
« 1

( i1) Coefficient matching approach. , - |

Both of these metNods assume 8 network comfiguration

with a passive RC sub-networX and one Or more Active elemants.

tn’ the first approach, proper decomposition partioning

—WWWFWVFJ"WWWWWW L, TR T T (o

4 H W AR DO T g
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" of the denominator polynomial of the transfer )vmction. T(s),

;; to be realized characterites the passive I network which

®ay be obtained by passive synthesis. The choice of the

injection node provides different filter n‘mrks without

affecting the denominator.

In the second approach, the selscted network ;aa'-»
figuration is analysed for itﬂp T(s) and the soufficients in
the reslized and the dusired tremsfer fumction are osmpared
to nunim'ﬁu elemental vajues. Ussally the ngmber of
variables, that is, the number of elemsats, excesds the
suaber’ of eguations and thus gives mmm LA
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¢ realizations or degreas of freedom to o;thiu a given

design.
Realization procedures can als® be classified as:

i) Direct approach, uho:o the T(s) is realised as a

/
single sectibn.

i1) Cascade approach, wvhere the desired transfer
function is expressed as & product of first and

second order transfer functions.

$

fach of thess functions is realized independently and the
completa network is obtained by cascading the individual
networks correspodning to the individual realizations. The
cascade approach is frequently preferred over the direct one
because of simpler tuning properties and booag:t of the fact
that a ssall number of universal sections can be designed
which can be used to realize most of the practical filter

specifications.

1.3 THE OPERATIONAL AMPLIPIER:

Sewveral active davices such as Operational e
plifiers (OR), Impedance converters and gyratots sto. have
been used in the reslization of active RC filters (3}, (4).
In this thesis, the operational amplifter (OR) ia consfdeved
to be the basic slemsat. In fact, all the Sther sctive



' , FIG. 1.1 REPRESENTATION OF DIFFERENTIAL INPUY OPERATIONAL

- AMPLIFIER (OA). g
>

% p IS THE OPEN LOOP GAIN OF THE OA ' .

O 4
[*
9

]

FIG. 1.2 GENERAL SINGLE AMPLIFIER NETVONR )
CONF LOURATION

T(o) 2 vy ® Tea iy VR




devices can be obtained By using OAs. The OA is & non

Iz

reciprocal two.p:;rt device, ideally characterized by an
infinite gain, infinite input impedance and zero output
fwpedance: In practice, however, the OA has frequency
dependent finite gain, ,, a finite input impendance and a-
non zero output impedance. For example: #A741 has a d.c.
gain, "ot of 200,000, input impedance of 2MQ and an -
output impendance of 750. Besides the OAs are now commer-
cially available as cheap (costing $1.00 or less) off the
shelf components. Its symbolic r;prasentatiah is shown {n -

FPigure 1.1 and its single pole mode! is given by:

where “e ig the pole frequency of the OA,

. 1.4 SINGLE AMPLIPIER METWORKS:

N S8econd order RC active filters can be realized -

using one or more amplifiers. However, the cost of supply-

ing power to the filtars mey bescome sppreciabdle when more |
than am amplifier is used. At the present time 4c power - 1 ;‘
coats $4.00/watt ($J. Purther the probles of oeoling the ‘
- filters due to the heat generated Py the dissipared pover .
% 4. pecomes compounded ua additional upum A a meult,
the dasign of second order filter mmmmm

Ed
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enplifier is ot great practical iahmg\ {6},

Various single amplifier network configutetions
have been reported in the litersture *ls -~ 14). nost of theme
networks can be generated from the genaral configurationd
shown in Pigures 1.2, 1.3, and 1.4.

1.5 POLE-Q-AND POLE-FREQUENCY-SENSITIVITIES:

A second order T(s) given by:

o) =N{s) . N(s) (1.2a r
) Disy =, :T‘a ' ~ ]
r Rltl S . . ]
is usually characterized by the two system parameters, namely:
0= Jaoa‘/al (1.2d)
i
" J'o/‘z (1.2c) ‘
) ' /
where Q is known as the pole-Q '
:  is known as the pole frequency :
and N(s) is a colynomial of second order or lesw deterniniagy ' ;
gt!n filter characteristios.
Y
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FIG. 1.3 GCENERAS SINGLE DIFFERENTIAL AMPLIFIER
NETWORE CONPTGURATTION

*is) = vo/v‘ ] tru-'r“)/lrndm

WRERE T,, = V /¥,

'13 . Vlﬁ). 4 BEINEG GROUNDED

et v,/v‘; 3 BRING CADUNDED

N R & ANPLIFIER GALN.
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PIG. 1.4 GENERAL SINGLE AMPLIPIER GROUNDRD :
NETWONX CONPIGURATION |
T(e) = =Ry, /(Y . oY . oRy,. ) i i
a/ T2 * T Mg ;e
1
WHERE Y53 1® 1,2,°§ % 1,2 surEn 0 ™HR )
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Sensitivity properties of ¢ mé e, with respect to
the various notwork elements are of intarwst. These sensitivi-

ties are defined in eq. (1.3)

Q.38 (1.3a)
- dw
s 0= -f;c&—g (1.3)

where 'x' is One of the network slements.
The fractional changes in Q and v, due to veri-

ations 1n the network elements are:

AKX F. Y] oC
AQ . l O i Q ____%0 !
Y - r 5 s ¥ g *2 (1. 4a) ~
0 L T[ Ky 17606 M <, c’ |
A A - AG - AC »
o xf “o i .o 140
P _: —— s S———— s s ™

wvhere Kt represents the closed loop gain of an smplifier in

the network,

G, represents the conductance of a resistive slement

Y

»

1 “;, -

in the network and

i
e Lo

Cj represents the capacitance of a capacitive slemmnt
in the network,

Por single amplifier networks, equations (1.4) becomet

. a8, . ac
aQ . A 0 Q '
e MR ‘Gi"ai";j'ii'g, Q.85




1.6 GAIN O~ AND OATW v SENSITIVITY PRODUCTS:
A u

[
An examination of eguations (1.)) shows that, not
only the variation in Q and ““ due to K should h'hnqnod

to be low but also the variation due to the passive elements

should be made low. Hybrid IC technology is of interest in
this context. In this technology, an active RC filter
consists of tantalum thin f{ilm RC components and monolithic
integrated OAs. This provides almost perfect tracking of
passive elements [15), that is, the variations in similar
passive olemengg. due to changes in temperature may be made
equal. Further, it is possible to control the process such

that:

(1.6)

(1. 7a)

1
|
:




»
% e AF sg (1.88)

Aw, )
o . 4K "o
and ‘";‘o" : >y Sg (1.8b) (-

i

Thus the effect of variation due to the passive sensitivities

is eliminated in thin film technology. Consequently, not only
the networks with low passive sensitivities, byt also those

vith high passive sensitivities becope attractive. In fact,

assuming identical behavior with respect to the actiwve

elements embedded in the filter, networks with high passive

sensitivities will profit more fxrom the implementation by

%
thin film technology. .

The closed loop amplifier gain K is related to the

open loop gain » in the following fashion:

o
K, » K, vhere s >>K (1.9)
1+ 2

1]

- X

z

- where xo is determined by a ratio of resistors used to realisse K,

%

A

# then, &
» .
Lorwnef fravnae
' Am & + gbe
and s oK, : (1.10)
g‘ P » Tﬁ‘b T

where the second term in eof. (1.10) vanishea because of almows
perfect traching and frem {16). Prom q&tm 1.9) and

g =




(1.10) we get:

= (xsh 4f - (on-er)x 5 (1.11a)

= (Gu ~8P) x 25 (1.11b)

. [
where Gg-5P = RS§ and Gu -8P = K8 ° are defined to be

the qain Q- and gain wg sensitivity products.
The quantity, A% is completely dependent on the
f

OA used and 1s chosen by the designer from the many OA's available,

whiie tne gain-sensitivity products are functions of the

properties of the realized network and hence can be
controlled by the designer. Thus these two products are of
considerable interest (15] particularly so for networks

using hybrid tantalum thin film IC techmology. |

L4

It may be noted that the varietion ia the

Xransfer function T(s) of a second order sétwork, whode servs

are located far from the high Q poles 1s given [17) as

R

“«

bw
2 . 9 =2 1an
fguation (1.12) shows that for high-Q filtess, tg'll'm

be more significant then QQ-89 mmmum
oQ-8sP magtoumw:. nhmqﬂ%

thet ainiaitation of beth m mﬁq e

a well.



1.7 REALIIATIONS WITH PRESCRIBED SENSITIVITY:

Mecently attampts have Deen made to classify active
AC filters on the basis of the decompositions of their e~
nominator polynominials (181, (19], and the corresponding
realizations have been given using one or more amplifiers.
Realizations with some sensitivities prescribed have also

been reported in the litergture [20 - 26). Active network

realizations with prescribed pole sensitivity have been

discussed in [20 - 22]., PRealizations corresponding to zero

Q-sensitivity with respect to the active element, that is:

SS = 0 have been studied in [2]1 - 24). Simultaneocus ..a”/
*
F realization of T(s) and prescribed sensitivity functions
E has bpen discussed in (25). Also realization of active
]

networks, when the variation of the T(s) is’constrained to be

f within given limits with the additional stipulation that tne
fg phase sensitivity remasins unchanged, has been discussed in
3 (26]. Mowever, to the best of the author's knowledge any
:% study of second order single amplifier RC networks on the

o

basis of the decompositions of their denominator polynomial

along with the prescribed sensitivities of §Q or “. and at
the same time mipimization of the other sensitivity or the
gein sensitivity product does not sppear to be available in
the literature. Such’ a study appears 0 be éesigable in

N case of hybrid IC {splesentation snd an attempt is made ia

this thesis t0 contribute towards the eolition of this
problem. )



1.8 SCOPE Or TNE TNRSIS:

A detajled study of second order, single amplifier

active RC filter networks is presented in this thesis on t.lu
basis of their possible denominator polynoaisl ﬂimiuom.
The properties of each such decomposition and corresponding
‘ realizations are considered when either 82 or ,:o is pre-
scribed while the other sensitivity or the gain sensitivity
produet is minimized at the same time.
Chapter 1I discusses negative feedback filter
} natworks. The bounds on Q- and “s" sensitivities for various
decompositions of D(s) are first obtained. RMealization for

each” polynomial decomposition is given. These realisations

are, in general, of two types:

i) Rinimal capacitor type

-,
o ’

g
2

1) Non-minimal capacitors type

The minimal capeacitor type realization has low passive

g -sensitivities and thus an attempt has been msde to control Q

1 and “, variations with respect to the active parsmeter K by
considering the oo;ncponding sensitivities s the performance
ssasure. Por noa-ninini capacitors type realisation the
passive sensitivities are, in general, high, thus making them
Suitable ohly for implemsatstion by Mgheid IC sechwblowy. In

7 these cases, the gain semsitivity prodects have Bese chowen
@8 the performance reasure and theee are aisimived whah sither

or 8y




* *

Chapter III deals with, single amplifier aotive AC
f1lters with positive fesdback. The O~ and w -semsitivity
bounds are obtained. The O-sensitivity in these networks is
alwaye high and therefore these are more séitable for
implementation by hybrid IC technology. Bere the gain Q-sen-
itivity product is minimized while l:° is always mero.

Design curves for proposped filter networks, namaly
Low Pass, Migh Pass, Band Pass, Notch and Al]l Pass, have been
plotted from which it is possible to obtain realisations readily,
when th? sensitivity is prescribed. It i{s shown, that, it ig
possible to prescribe the sensitivity and minimise the gain
sensitivity product (GSP) while constraining the element spread

at the same time to be within an acceptable value.

For both the neyative and positive feedback filter
networks proposed, sensitivity properties, stability during
activation and the effect of amplifier poles on Q and . have
been considered.

L

Pinally, band pass filters for three decompositions
(one for lol =0u\duobtl;°=0) ware built with discrets

elomants and tested. The experimsntal results are givea.

Chapter IV summarises the results of the present
investigation and proposes possibdble sxtensions of this werk.
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CHAPTER 11

' NBGATIVE PEEDBACK SINGLE ANPLIFIER WITWORKS
2.1 1 TOM:

In this chapter, only networks with aegative feed-

back are considered. Bounds on Q- and - sensitivities with

respect to a network paramster are obtained for variom

decompositions of D(s). In addition it is shown that a

realization exists for each of these decompositions. It i

shown that, when either Q- or “" sensitivity is prescribed ot
with respect to amplifier gain, realisations exist only for

four decompositions. ) ‘{

E

E : 2.2 POLYNOMIAL DECOMPOSITIONS:
¥
' It is shown that (19) Di(s) can be writtep as: )
I ' ’
om = 8t 3 4 - D, (s) + XD (8) (2.1}

where D (8) : That portion of D(s) where K §- assgociated
and  0,(8) =That portion of Dfs) whers K is mot aswecietud

.
k3

Only the following wm ase-penibis

mm.ﬁmm«ﬂﬁnmm‘u"




-\ E3
tems giying xide to the following!

a) '2* asppesxs in .’ terms only s

b) '%' appears in 2° terwm only

c) ‘x* appears in s term only

& § 'x' appears in two terms out of 52, s and s° terma

giving rise to the following:

a) 'x* appears in s ana s terms only 1
b) 'x' appears in s and s° terme only 1

|
c) 'x' appears in 32 mt! s torms only |

I1x 'x" appears in all the three terms. %

Polynouhl dscompositions Ib cnd IId may algo be
abtained from 1Ia and Ila rumcuwly by RC-CR transfor-
mation. But thh may lead to a higher capacitive slement
spread realization fros a lower capscitive elemsnt spread re-
alization and the number of capecitors will be egual to the |
nimber of resistors used in the previouws circeit. Therefore, %
these deconpositions are also considered separately. Decospe- 1
pitions I, and I, correspond group A, Icwml, n, “3
and 11 to grow C. It _ o rgup 0 amd 112 to gwowp B ia (19).

Aleo types A, B, C, and D 1in (18) correspond to dosnpeaitions




[ 4

~-~ giscussed subsequently.

%

Sounds on the O~ nd v, Sensitivities for the cese
whes D(s) £s & second degree polynoainal shell be derived I8
this section. Por convenience, the sensitivitigs with respeet
to the capacitors shall be considered first, while the sen-
sitivities with mptct;to other network parameters shall be

/
In all the minimal capacifix resliszations, eq® (2.1)

beCcOmAS !

D(s) = 87C,Com ¢ 8(C, 8 +T8, T (54

whers a, ’1’ 32 and Y are functions of the peatwork resistors
and amplifier gain only. Therefere: (

\ o
cl’l + c:‘z '.W " - ‘2' *’ “ 1

*




£4 -
e *

2.3,1 Q- NS u - SERSITIVITINS WITH ASSPECY W0 THB mm{%

—L s i oo satiihsoneanuibiionueiy
] . *
Prom eq. (1.3) end (2.3) . .
k N .1
scl = ’ - QCI’II"O ‘3-“,
4 s° T QC. B A (2. 4b)
&n c, 3 2P Mo .

However both SQ and SQ shall be zero {f;

(i C

Ci By = Ca8p < B (2.5)

It has been shown [16) that:

~N

i Q Q

1

from (2.4) and (2.6) bounds, on S2.end sg are:

. . 1 2 -
..‘_/-'\—" y
, l (@ 1
- S<
7S ‘1 ,

L 4

(2. 79)

. 1 < so < 1 'S (2. M) /4
. ] czi :

\ 3
Once one of these sensitivities is Prescrided the other oms
is tined from (2.6) ‘ i & i

xwinammmﬁmmlmm
: . -~ B

L J
' ,‘o 1
! Ce "l’
lﬁui!l it cat lliliihtiitt‘ﬂiihr



Por all parameters other than the capecitors, t,‘l
’2’ and v can be expressed in the form 'ax+d’ where 'x'

is the parameter of interest and it {s non negative for net-
works considered in this chapter.

from (1.3) and (2.3):

F 4 *
x

X J
LU ) (2.9a)
: ¥ ! ¢ C

} !
- 4 ’
and s -3 4% - (2.90)

wvhere primes denot ifferentiation with respect to 'x'.

’ /
2’ and Y can be zeroc as
L 8

y, =, 8nd ,1‘

The derivati ves a', s!, 8

1'

a minrimus and can equal, at the most, 5‘: P x

;
|
E‘, respectively and as such the sensitivity hounds are given ae

to) Lowgy

~1<53<1 (2.108)

-1/2 < s.°< 172 (2. 10b)

3
:
; -
;
; Table 2.1 lists these sensitivity bounds for

various,polynomial decompositions and their special cases.

t - It also gives the additional constraints on Q- and o _-een-
E sitivivien.

| In all the discussions eo far °'x' is a general
psramster other thea capacitors. But the facs, that the :
splifier guin has & much larger varistion compured 0 oay
p Postive slomits, mkes the stully of O~ amdy -swmsitivities



N * < : »

vith respect to the wpdifier gain move idpereadt them 1l the
passive sonsitivities ia all the minimal cepacisow sealisetions.
Therefore, 1f 'x’' is repleesd by 'x' the closed 160p  gain of the
amplifier or the differential splifier wsed, Tedle 2.1 Bas oF
be modified, in view Of Plalkow Gerst conditioas which heve te

\

be setisfied by the passive RC tranefer function D.(l)/ﬂ’(ﬂ.
Tabje 2.1 gives the L~ and o, -sensitivity bounds for variows
polynomial decompositions, when the amplifier gain's’' (s the

peramster of {nterest. .

The realisability eonditions are derived for the®

following casea:

i) Sensitivities not prescribdbed -

i1) Ig prescribed
ity 8 prescribed

iv) l"" presdribed
[ )
: v» 82 ma l." prescribed *

Wore restricted bowads ave pessidle correspendiag o
each individual realizesion. Is all cssen, we éistinst sdendes
of realisations exist, Gas vhen C, * C, snd e other Vg -

o F
N g,

. € #Cy. Theue thail be Glscuinyd Swptitutely. 1P

b
el

3 -3
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.
]

let: el-c,ac (say)

Prom eq" (2.)) the reslizability conditions are:

'L K LRI RV : (2.11a)
2
Tz e (2.11h)
b)  Unequal Capegitors Case:
¢, 7€,

rrom (2.3) the realizability conditions become:

' 2 2
@ 1 4p3 Q"8 #y/ud (2.120)

7

"

v (2.12n)

|
o
pa :5% -1
Cl 3 '0

Py INP, - ] .
c, "i’?’g;" (2.120)

Were p, : 1 may be chosen arbitrarily.

- %

As a special case, (f Py * 1, the reealissbility condltioas
becowms '

«s 0% 0,702 | ' (2.13)
s ¢= . u‘w .-

3
C, * v /(200,) | / R.e




18

‘242 82 ts rascaziess IR T
A .
once 80 1s prescribed, fé: gots fined frem of" (2.6) .
1
Prom eq"s(2.4) and (2.6)

3 2
’ c,C,® 5,3—‘:-‘; [1/! -{ )’] * ;,——:-‘-;[m -(tg,)‘]

a)  pguel Capaciters Casy:

Let: C, = C,=C (say)

rrom oq"s (1.3), (2.3), and (2.14), the realisabjlity

conditions become:

1
ES[T'S;":*’:" 3; ‘/,1,273—62‘)?[ (2.1%a)

Yeuld (2.1%)
()

%

B)  Unequal Gepscitors Case:
C, /<,

rrom eq's (1.3),(2.12), and (2.14), the realizability

conditions becoms: 02 2
2.2 294
;f Ll e %) wape - (2.16a)
£ : ,,
; - v} (2.26m) .
cm,(g:{:’;-u /39,08,) (2. 160)
X N N S

mupxtxmnmwm. .
for P, =1i¢ mnmuégtug‘n . S

*

€ o

;. . *ffi'ﬁ“wﬁ%&é_



2.4.3 89 18 FrescaIEEDY
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t

Prom equations (1.3), (21.3), and (2.9) the reslisebility

oonditions become:

. ’ T RYRY;
| ’ 2=V ‘g“’x"z’ﬁ——j—;ﬁ" - (2.17%)
r . o ’ [

[ 4 .
A0 Ay :
viwd (2.179)

1
b) Unequal Capacitors Case:

From equations (2.3), (2.5), and (2.12) the realissbilfty
conditions become:

A -

289

- N APZEY (2.188)
¢\ Wy (=8 fpym, "Wim-1) (f.188)

-

@ C,yt 4‘1/ (o 5) h-o _{3-3-—1‘ (2.109)
3 o B8] {0,000 9, 3 6T 48] togpy 2 o)

2. 108)

$

where p,> 1 may be chosen asblararily



T

€,* m [‘o :4:: - ll (2.198)

o \5;;"’1’ ["o 42 -1 (2.19¢)

v’ ’ P

4&‘1‘3' Q [’x‘ﬂvg . J‘o -1, ‘;‘,(,‘4 W - 1)] i

(2.198) |

1

| in which case: 0 , 0, o '
| ¢, " %, 1%
\ . %

T let C,* C,= C (say)
F rFrom equetioms (1.3), (2.3) and (2.9) the ’muwuiq
.

E condi tions becomet .
-~
% 3 & v: '{“l .8y (2. 200)
-
Y= Q: ‘1:“
-
o) (]
p o ” o =B (2. 20w
: J x N , (
. _ .
.’ i I . ! * A % = L s
e d Q‘ ’ e’ ‘ . | - -
Peoh squations (5.3), (2.3 and (2.12), vim weblEbEalgy -
. . _—_ ' i T, K L %} ' I
stnfiviens Nooumiss : ET £ ﬁ *? %



i

o o - e

2
™es (2.340)
C, * w,(p,2 P;*”M;“;’ * (2.210)
] . ®o .
28
| | F -2 (2.21a)

P, 2 1 vy ba chosen ubltr:ruy
As a special case, if P 21, the realisabil ity oconditioma

become!

| " re .: (3.3”

‘Z "00 .
Feg, 2 (2.220)
¢, * v /1208)) - (2.230)

-* ] C, = w /(208 © (2.20m)

in which case, sgln ng- ]

2.4.9 t: AD 8.° BOTH ASS & =
¢  Baal Conheitons Conle ’

et v



o (2.2} “

.‘ "
. 2» : ) |
R X ano
b)  Unegual Capacitors Cawe: '
¢, # ¢,
Prom equations (1.3). (2.3), and (2.12), the

realisability conditions becoms:
Q
1 4 4 ”
.
FF - weliiA 0 e

3 J-’,’ T u{p;/(.o:) (2.248)

‘oVis, = 0 [ Py 3R] - 1B 2} oBaq (ugty? |

._n
»
€

>

*

Ky
»
T
>
e

i

Rk A S A




Becoms
: 209
[ 4
2 ;;’--;!-mjola,h >0 - (2.2%a)
¢ - — )
' (:1 ‘4.2/(“1) “v s¥% ° l,] (2.2%)
’ r} i b °
c, -Jnl/(. 8) fu, tofud -1 (2.2%¢)
. b o
F 2 2 - - 2 r [4
wy*4? = ¢ [“'o *’Q' 110,8, + B8 (u 2wy 1)
) - (2.2%4)
. 2.0
in which case s° -sg =0 ]
< 2 o

It may be mentioned that even though either § s @
ors -o-tyb. prescribed in various ceses yet {t is not
poss l-topmcxibchoehsolems 2 0 as this leads

to the condition:

’

y :
‘, ! c' 4 "\
; BTN . e
' 11 “2"2

E‘ which mdiclm that 'x' is a m/!letnt in e, ’l’ p,. and
k 7“£tmutammm~y ba associated with the
Ei denominator polynomial.

$ .. /

o, 1.8 @&6~W~M.U"““

»*

T baum&ﬁummw

Y
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oonsidered in this thesis, ¥THizd degres Mamr M
may be written as: ) '

Dyle) = (s o ,x”‘z o% Ou:) --3’»:’(414 %}

2 Yo 2 3y, .2
0"1 T,chuoﬁ ] *62' “1‘0‘0 (10,7’

L™ -~

{ i
. s Two cases arise:

. ss(m

a) “© is a function of network paramster 'x':

In this case it is not possible to relate Q and g
to the network parameter ‘'x' (which can be either a2 resistor,
capacitor, or amplifier gain) in a simple fashion as rgr Duf‘
The O~ and v, sensitivities with respect to the nstwork
parameter 'x' can be co-pnt;d from thci; relations with the
coefficient lmiéivitin. There is no simple and direct
method to prescribe these sensigtivities and to abtain the

realizability conditions.

Prom eq" (Z.27) we have:

, boao o2 (2.20a)
E 2 17 7%

, 2 Yo

E‘* ﬁ -, + 011 (2.280)

{ »

g b = oy c (2.208)

3

Prom equetions (2.3) and (2.38) it cen be showm that:




.
Z,
ey
»;L-
[
e 0‘ N;‘I
»
g |
ndU

2u e’ /Q ) " l‘
Q N 1
or B, ] = T, 3‘8 8y
ll é
'x 2 0 1 |
-l -
- o - (2. 29)

In normalized case, for -o-l and th:mtom for

L
$ e cquctim (2.29) may he simplified to give:

[3]
N i,
- ~¢os &0: ¢ o« e O-1)g
s ° - ’a §--‘-«~—~i-~i-~m~5« (2.70a)
x 2001 + o)) - 20, '
‘. ) s
2 1 2 o
0 . :?_52..0;.:)31 ,m{ 9{2'10‘ xulsx ¢ (207 o «Ao—nsx
=
i, ’ ', (2.30b)
¢y 200,858 7-2008 +Mos
8§ - X (2.30¢)

2Q(]1 » 'E’*?el

b .1 is not a function of Network Parameter ‘x':

.

¢
From epn (2.30) we get, for s‘l. 0
. ]
5, * %',n (2.31a)
4 '3

sg . ?f-q;zs! 12. 31b)
) ) by

s o8 % g ! (2.31¢)

Iin this case Q and -, can be related tOo ‘s’ in the somm
' .
fashion as for D(s). l cen be Mihd and a muuttm

0 can do pmwriud sr Di(s) and & muw

caa be obtained, l
' tion may be obtaired end later on n° cen be computed for D, (s).
Bn genetal, 8 for D,(s), whioh is difficvit w peeseride, shell

2 0t Do the seme as 82 for D). .

!
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o far for vasrious Passible decompositions of the
denominator polynomial D{(s), the bDownis on Q- and .- senai -~

tivities with tespﬂ't to all the network pltﬂl-ttﬂ, namely .
capaci tors, msistors and the amplifier gain haw besn ‘

derived. Purther additional censtraints on the sus and the 5 .
dif ference of Q- and uovumituutc- vwhich have to be |
satisfisad, are alen obtained. It is to be pointed out that
6nly the upper bounds on te and 5:0 have been obtsined in

{197 for the denominator polynomial decompositions of nega-

tive feedback networks.

In the subsequent sections of this chapter, real-

jzations of negative feedback, single amplifier active net-

works for each polym,‘x decomposition shall be discussed.
f

-

2.6 REALIJATIONS OF ACTIVE NETWORKS POR VARIOUS

» H
L}
In this section, we shall present realizatiom

corresponding to esch denominstor polynomial decoupesition
given in section 2.3. The specifications for thede realisa~
. and either Q- Oor o

tions are Q, w sensitivity with respect

0 O
to the smplifier gain. In a few desived Chases, wa Shall
consider the stability of the circuit diring sotivation and

also the effect of the pole of the agplifierx.



e saplifier gain 'R’ appears in oaly l’ Soun

Di(s) shall be of the type

Dia) = czt:lcz (al * l:-,) + -(clpl + cl‘:’ *y (2.33.’ .

Ve c,(a, ¢ Ra) ¢

and Q ‘“Wl A ) - 2.I9%) -
- )

B f

o (';l , (e, * Re, (2.32¢) S

Ke » ' |

also 89 - %;-;-;—-ﬁ-;; = -8,° (2.324) ;

with the sensitivity bounds being:

Q.1 1
©<S5g<y (2.32e)
1 'o
and -3 <S50 (2.32£)

Por all the pessive elemants, magnitudes of Q- and -

sensitivities are less than unmity.

Prom Pialkow Gerst conditions a, g =

T
) solving for K we gct* '
- 2 « C )
“ 22 L aam
2

ht we should ha R
(€18 * 87> avc,Cpe
since poles of the passive portion have to e simple and
negative real. Mcfm; .
% > (00? -l)g‘)ﬁ'l T 4238 , “*%
X | lamicbmiﬁ&ﬁn%ﬂﬁﬂm -
&ﬂﬂumm&mﬁutﬁ;ﬁﬂ e y

Evs-’“"
B T




.
wot presoribed. It either 8¥ or 3,° ie prescrived, K gers
specified snd the resliseble value of Q gote fixed. Mhis
‘mnans that this deocomposition is not sultable for the reali-

&
gation of active networks, wvhen Q and lg both are specified '/
independently. Nevertheless, s reslisation is given for tiwe

sake of completensss as shown in Pigure 2.1.
’
Analysis yieldn‘.

Vo ‘-‘.cfae‘! e
i 5 N
i s C'xc‘:“ s 1) ¢ 0 [c,lc” . c‘:m"z ’ c")]
Vol 0. GZM
vt T ‘ .
i s‘c,c, (X + 1) « slc, G,, + ¢, (C &c)’
£,°1, £,34 £, “a 34
* G, Gy, (2.3%0)

Let C,oC, © C{say)
12
Prom eq. (2.11) the realization is:

c‘l' C!2* C ~1/%, G.l* 3”‘  §

x> 992-1
. The clement kpreed is: Capacitors: 1:1, Resistors: 1t}
™he Transfer function Cain for

- Band Pags: at mcqm frequancy is -303 * V3
low Pesey is wnity at @ =0,

™he Seasitivities avey






'Y
1007 °
cg‘ - -lgt - 1/¢

1 2 .

o -

o %y o L)
80 = 8 =-8g> & <80 = ~1/2
Ce, Cf: . O34

b) Unegual Capagitor Rpalization:
c #C
fx ‘2

Prom equations (2.12) and (2.35) the realisation is:

r......l. . 4
- C K» 4p.0%~-1
Gal Pz‘ JZi !lmm 55 Py

where Py is an arbitrary constant greater than unity.

P2
Pz’t’

Resistors 1: Pyt

The element spread is: Capacitors 1:

The transfer function gain:
3 for Band Pass at the centre frequemcy is -mz ] %2- ’
3 while for Low Pass is unity at w*0.

tmiuvtths are:

Q - b
~—-—-r- -8




for & very good capacitive spreed, low ranistive spread and
a reasonable value of x, P, mey be dhwsen as 1.

A

»
2.6.2 DECONPOSITION Ib i

The amplifier gain K appears ia. s° term only: It

has been reported in the literature (187, (191, that a re-
alization for ia decomposition is obtained trvu; that of |
:_? d‘mitioni Ia using RC-CR transforsation. HNowever, {t i
has to be pointed out that the realization of the network
using the\above transformstion may not result in (i) the

same number of capacitors as before and (i1) the same

|
- 1
element spread. Also as will be seen presently, the 5“ 1

E - changes its sign. HRence, this case is also discussed.

D(s) shall be of the type
2
(2.36e)

-

[ac C,tv, + Ky ,)

and Q - ——ﬁ——-‘-—v—L (’03“’ &
11 2 N s
e - * X Y .n
o ° ’e}{r’-ﬁ-—l * {2.36c)

Ky .
»y .
auo':-l.-*«‘-i-d;— J ‘,cw‘

e sensitivicy boands belag: ' .

ocﬁ(uz

T S I T



o« n:" < 1/2 . {2,380
Por all the passive cloments, the magnitudes of O~ ond " - -x§
sapsitivities are lcss than unity., -

rrom Fialkow Gerst conditions Y2 fyl

solving for x from (2.38) gives:

2 2
0°(c,8, - C,8,)
x -] T "] 7 (2.37)
2
But we should have (C,8, ¢ C,8,)" > 4C,Cae v, .
since the poles of the passive network shall be simple, negative
Y
~real. Therefore K > (402-1);}— )toz-l ¥
2 -

If not prescribed, the magnitudes of sg and sxu shall bo very
nearly equal to 1/2. In casc ofe of them is prescribed, X
gets specified and this in turn fixes the realizable value of

Q.

Once again, active networks of this type of decom-
-
position are not suitable for the prescription of lg or l.o.
Meverthelcss, a realization as shown in Pigure 2,2 is

presented for the sake of complotancss.

Analysins yields: * .
v ~XsC, G,
o . 1 2
Vi s c..eoslc,6, *G6.1+cC € 'e0.6 ™ + 1)
al 34 34 !l !’ ‘l 3,2 t% l; _
2 (2. :
vol s C‘IC” L]
v, "3
| 8°C_C.*0{C,.(C, %G, )oC_GC, )oG, G, (Ke]l)
" 4 34 fl f: a !z !l !’
a) val Capaciter nlf t (2

Lat: C“i tug' f:(uy)

o P T S
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G, = G, « 1/
fl !:

K - 9021
The slement spreed ifh Gepecitors: 1.1, Reisitors: 1:1
The Transfer function Gain fer:
Band Pass at tentre frequenty = -301 + 1/3 whiile for
High Pass at very high frequency =+ 1 ‘

.

The Bansitivities are:

o} 5 1 ) §
- 5 - - Pl ]
sl K I 130’
|
sg - -3 < /6
4 f
1 2 ‘
Q Q |
s + -S = 1/6
Cal €34
- w , W w 1
s°-s°.-q°.-s°’.-1/z
C C G G :
a 34 4 4
1 1 2 . “~

b) Unequa)] Capacitors Realization:
Ca, * 34
From equations (2.12) and (2.38) the realization is:
c, - -y, C - /p -1 Gy, = ﬁ#—a Gy = é;-a
a, " BT T L e S N
K = 4p0’-1 :

Where p, is an arbitrary consteat greater then unity.
The element spread is:

Capacitorw: 1t fi;:‘; Resistorsy | -&—

s

™he Transfer tunction gain for ‘

Band Pass at centre fm is i:q’j - c
Bigh Pese at vory high frequency is GRSy, =

F -
L& v F s
e w T




- - [ )
g°..°.-3°.-¢¢°.-ug
a 34 ¢ 4
1 1 2

qup,-:mucmmmu,unqpu
elosent spread for a reasonable wvalus of K.

2.6.3 DECONPOSITION fg:

B K appears ia s term omly,
D(s) shall be of the type
O e N  ER YR LW N WRE T
F .7 C (2.3%w) .
v¢.C ”
Q- (2.3%)

- 1'711 12 2721

mw-q-#z,-r'; . 9e)
1”11 2 ’ .
. * .‘ - * P

S el Wwv o
f
(i
i
i

o

S1ace X 1o positive, 0 Pelusus DAl the Plaudid &l Benid,
- i i g‘;‘ :.’%ni, “




-, . ‘;_t:"“?‘;—g T .

Wi itdon is of no futther iWbmrwet.

*

-

2.6.4 DECOMPOSITION Ila:

The amplifier gain appears in .2 and ® terms only.
p(s) shall be of the type

b)
pie) = o’C,Colay > Kay) ¢ 0 1y, ¢ We,) o
0C, (B, *KB,, )oY (2.40a)
/’Cxcz‘“x +Xa))
and Q- (2,40m)
: C ley /) 0,08, F X5,

; /[ 3
o "o"/ T C, 0, ¢ Kay) (2.40c) . ;
a2 Q. 1 Ray R(C;8,,+ Co8.) ‘ | 1
K 2 6, + Kay C By, + ¥E, 04 51(f21+ X8, . .

(2.404)
., 1 !a2 P
Sk * "7 3+ Ko, (2.40) =
1 2 ) >
’ N { g
« K{C 8 + C ‘ ’ - ﬁ
Q o 112" “3%a2 :
Sx + 8 - W (:“01’ g
. K C T8, * KB+ W L o
- Ka A RC, 8, , + K ) i
N AR T s = — B
1 2 1°°11 12 2% 22

The Sensitivity bounds are: ) (2.409)

- -1 < &f < 112

"
*1/2‘3‘0':0




)
/ <1 <8% 5,0 <o C(2.40%)

®

Q

Por all the passive slements,the magnitudes of Q-

. »
and ", sensitivities are less then unitcy. l'°. in thie )u,

is exactly the same as in d-coq:aiticg Ia and as watf its

magnitude shall be very nearly equal to 1/2, if not prescribed.
If prescribed, it would fix K and this in turn would fix real-

) izable Q. As stated in Ia, networks obtained from this de-~
[ ]
composition are not suitable for the prescription of s“’.

$ L J

Once either 53 or sxo is prescribed, the other

seneitivity gets more respricted according to the bounds on

their sum and difference.

If 82 is not prescribed, {t is quite low, usuafy
its magnitude being lower than 1/2. Bowever, in this decon-
position it {s possible to prescribe 80 < 0.  Networks with
8§ = 0 with the decomposition of third degree polynomials have
been reported in the literature (24). Such decompositions
. are not discussed in thﬁ theeis,

Realizations with o = 0 shall be presented for the
osses vith equal and unegual oapecitors. Pusther, stability
, during activation, 0~ and ., sensitivities with respact to 1
g  epen 1loop OA gaifls and the tesistors employed to realise differ-
: ential amplifier with cidewd 10op gain % and the effect of O :

e

N - kS .
o & . - $7 * ‘s,
St e e BBt v gk BE el g ¢ C e



Poles on Q and w, shail be osensideved 1% this ease. Pinally,
the sxperimental results shall be given. The setwork wsed ia
these realizations is given is Pigure 2.3.

Anslysis yields: xRl e '
y Y KsG, (~C, G, 4 C, 6,)
T(s)= g*—’ y ; -
s c, g, (B0 1) (G, oG, 4G, ) enlC, [(xe1)
1§ 1
GG mlcg ’°t3°1 (G +G40+G G 192
(2.41)
a)  Equal Capacitor Realigation:
Let C,2 C, = C (may)
£, f
Prom equations (2.17) and (2.41) the design equations are:
2 -1/3
G.’ 62‘ (12Q° - 2) v
Ce » Coe €= 17801207 -23173,
£, °f
K o 35@2 -
»
"o -1 y
“
¢ (2.4D)

The element spread is: capacitors 1:1, Resistors: 1:1203-2.
#he Transfer Function gain at vemtre frequency is approximste-

iy 60 + 372 .
b) el ei 3

(cf /A C“ ‘ o | N
qnum (2.20) ind (2.43), m\nt ot mm







.‘. é,n (b,(‘@’ ‘m' . m —
' ta,m’ andr o (3.4}

-1/ l/‘ .
p 1P (o - 2) - ,
- ‘AT ] "6‘”

Ce
1 1‘9“;(*@ -1} ¢+ 1) y
173 . ;
ol 2p, te0?-1)) %
2 2 pylat-1) e} ' :
E ONTTPLY PRY ‘
4 - 4 -1, (2.43)
¥ P, - 1
. = 1 ) 12.431)

Whére P, is an sarbitrary constamt grester than unity.
The alement spread is: .
Resistors: 1. 2p, (4@?-1y, .

capacfrors: I py-1) ﬂ-—l—j
¢

) The transfer function gain at centre frequiiney de:

] 40-10 4 p, 0 1
Tp,(pz* }
Before obtaining the different sensitivities of .
these designs, we shall discuss the differential aplifier

reslization snalysis for stability dering sotivation emill the
effect of OA poles on Q and w,. -
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Yne of the dsetvorfe reparted in m‘uwﬂ} e -
She #ifferential aapiifler reslisation 4s given in Pigure -
2.4,

“his upoy analysis gives:

DR s i o
“ PEEE S i
[
=
Jouh
~N

(2.44)
|
' %%t "usn i
' 4
G G
11 X
LTI SRR R S (2.45)
n R , Ca1
v 6 c
1 31 21
then: g——"o— =% =»=(1 » 34 a (1 + 424 (2.48)
i V2 a1 LYY
2.6.4.2 STABILITY ANALYSIS: )
s .
o Replacing the differentisl smplifier in Plg. 2.3 by
k:; ‘ the network of Pig. 2.4 and then anslysing i¢t, wva get the

13 MBeTstor polynomiel Nis) and the denomimetor polynomial D(s) of
the voltege tranafer fumction as:

me) - -Ka, (sCy Gy - oCp O, - é Gylecy + 9y ))62a)



LA M JJMrag 0NN e T
N aid s B

i

PI1C. 2.4 DIPFERENTIAL AMPLIPLIER REALISATION




¥

o(s) = nztflcizﬂ‘ N NP N R Jlﬁw . ¢m_u,,
. X
t(‘fxfc.a,(ta 1 m .....L. l;lé:;ﬂl),,glgiu-;_;‘

Lﬂl——ln.-c, (G G, * 6,0, uou-‘l—il L .

m‘ccch»w._;‘ii.._h (2.4
i R Ny ™)

From the expression of D(s), it is clear that one of
the terms is negative. In the odd possibility that during the
activation of the circuit tfx risen very slowly while V) rises
fast, then the possibility of network becoming unatable can-

not be discorunted (291. The Q- and “," sensitivities are now
worked out.

ﬁ'o-(?."n it can be shown that:

-

Gk o1 o KAEL) _LL..J_;,.
1

C ‘Ga . Gl K-~

o  K/(R-1) K _K
646,6, 1 LI Vi STE

o \ll “2 xslu!
¢, G, (¢ (k1. BUE-L) K ‘LLL’-‘:B»C (G2t - K JE,
S | 4 ,1

£y S %2 vy

“1“2 l 1 ‘i ‘l“:
(1.48a)
Cat1%y
E'h!f:lﬁ‘ E; * 53,
vl wg, = - — (2.400)
.
1 ¢ —y
1 - BMAEM }tw .
" H e .




Prow (1.3) and (3.48) 42 con Be shown st

- E.
. ML ERER )
PO Ja .
1 AT ST
p, (K& ]+ . ¢
1‘1 . 3’}-1 ¥y
» *
; %1 &) i
b

4
b, 1 '_l!,. m.uﬁzﬂ. ‘

'1 mc:uoxo!-;occ,u.!.;o

K
€l e T (60, ¢ 68y

e 0n c 1 e ooty o -J-ﬂ-‘-nn

2

| SO
czu,‘ue%; X ..JJ'L;.LL,,.ct (6,0, + 0,8,)
| . K X x’“x..“
. b ;;“1 ¢ -1 ’ }

K=
, , e M, (2.490)
| [ - e
f » i z : Y
! . 2 . « K | { -
E (X + 2 m,'l,.;._.z%_u |
]
. 01 Sﬂ!:.u.
r -
e gy..i., . gn |

d x- xx : |
, c'lu,cztc.m .1 !l%;-——h.clu-e;n . o
: ¥ 4
5 | Cg®46, 10, + GoN1L o !L}‘_‘.Mg ;
i : A

N

C‘B'!c hzm'lom t;m-:
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"1 ..lu.!.“'!t.l.lfn . %

v (2.49¢)

”l (2.4894)

All the terss with open loop OA gain in the denominator

shall dbe considered negligible for the remaining Q- and .-
sensitivities and they are as follows:

Cflm 62 . .
I OT T, TR, ST, (2%
LR BN o2 815 1°C, €965
PR (Xe11G_Gy+G,G,) LR
. c-!—mm RE-oEy "%
Ce, 7 t O By T T8 ¢ f
(2.800)
. G,ike1) e C, @,

- R %nrnrr—‘a;rr'rn;-m
r} ‘a’a’l’ 2’2" S+ O

€p,9,99 * Cy 8 @08y

§§rl{'r a’f “‘:,Li




. L (2.008)

‘:o_ _& 'gT * . (2.900)

.0- l‘. ) ’ ‘lgw
1 2 .
¢

“ ) S ] u‘”
'G. ‘5 % a‘. al‘!: : ‘,
% 1 1 ¢ ‘ "
0§ - 4 T _, (2.301)
“_ 1 _1 G& - «
o1 (2.809)
G, 17T GGl

Putting equations (2.47) in terms of Gu. Gn. Gn and G.l
instead of in terma of K, but this time neglecting all the
terms with any open-loop OA gain in the denominator, gives:

( €;0211631°6,,)*

N(s)~ -G‘NCf ag,¢

L% G11°Gy,) ~o<,

1

18264116114 €5)) =6,6,(Gy+G(,06,,) (2.51a)

2
Dis)« 87°C; Cq (Gt GyrGy) (00, 8511611295, <, oL s L
{ 1
. . 1
C21%:" 'ctlcz( Gl lanma’ 6,1:68y m)l °n’ )
+ 8 cx°:“n“‘4f - (2.81»)

from 5g" (2.8)) itmhm&lt; '

faaxazanan F G B ”!n'cxmt 951%1)
IR la €5, %, =t{’é ‘.E:Fn 7 3!;",15, Iﬂ‘ﬁxtn




" 2151 * Ot

!1t,l1 |

- prom g™ (1.3) and (2.32) it cam be ShewR that: ﬂ .

0 ‘} :xfn 6,19, (0549, ), 8, / é
' - i
u 1%01°%11%31 %1% "t“z“u'n TR TRE,, |

‘Gnﬁ‘l) ”Crzﬂl (C.‘Q’lﬂ’1c‘x

L

C, G,(C_%,)
/s ) £,°2"a "}
bh - T ey (e

c f1626.61 1 (Gn" G‘ lkct,"x

9,,G,,4G,.@ (6,°6,) Gy, 0
.35§‘§ naan. . <2y .

174 11 n'a Ctlﬁztﬁuﬂ’lld.oﬁtkc.ﬂn

G.*¢

Ry G, * Cp 6, (G ¢8,)

S TS ML

Q3 17 e 1 1S

1 , .

R R LN, Ce,93(9)1%)) 19,79,1+0,9,¢
3 L - n

| n ¥ 000 ’n‘n":ﬁx £,%2' %1% N %

(94,° 9, 1?""1,‘1‘:1‘41 @0y

(2.5®)

C,xﬂ,(ﬂfﬂt)
. l{, - (2.530)
(3 o e Gy
N L

- »
» ” “ 3
voLtE ot 3
- . - o -y R 5
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oA

L o g T
> - . = R 2

4
H
¢ x‘:‘;.‘n‘u"tfx‘n“,n -

(G,*Ca) : b
-3 ’—-r—zlr“r‘r' o |
‘n Cntatntntenn c‘xc"'m“ 31 164761 1%6,65, ‘
(Gnv ) hcfzclcncu tc‘» 62)
. cflclc;za-cfzcl(c;cz)
AR T T U PR £ : (2.5%)
177 ©1 cf’fzﬁ‘(x&.,ﬂlrf;;tlnf;cg

‘ | »

It may be nbecorved that the magnitudes of O~ and L

éh sengi1tiviticns with respect to these passive elerents are less
than unity. 0- and .- sensitivities ®ith respect to wen-

loop OA qairs are very low thereby showing that for low Q and

1ow R tryt s, for u >~ O, ever for a large variation in u,

2.6.4.1 FrPECT OF THFP POLE OF THE OA ON Q AMND “,!

Various procedurss have been reportsd in the literature

{30-12]1 to consider this effect. The method given in [31-32)

! - is mathemstically more rigorous than others. Nowever, in the
frequency range of interest in this theais, nemely, for u << @8,

P the approximate method as outliined in {30] is Sore appropriate

and hence this is used fer subseguent derivations. PFrom oy. ;
_(2.47), asswming w,*n, ® », Beglesting tarms with i’ in the -

. demcminator, and replecimg ¥ My




wherc: w_ is the pole of the OA.

¢

is the d.c. gsin of the OA. '

Yo

[ 4
and v is the designed pole frequency. ‘

e get: ‘
D(a)s:}C C, (K*1){G +G,+G,) :9-—-6
: fl f2 a 1 "2 "0"0 .

1
¢ (Cflcgz“‘“”g.“‘f“z’“‘go'

L4

Gy (G2 G, (KAL)

*Cf G.G (K+1) ’Cf

) »
1 ¢! Yo' 2

Yo%

+ - Qx’
s [(*fiﬂaﬁz(l 1) (1 -:) C lGlﬁz*CfIGl(G‘*Gzi (1 -”:h*

cccwmg (1.5 (2.54)
a’172 bo%e L2 ¥y

Comparing this equation with:

s
Dis) = (“;*H(v} -&-Ol)v——ﬂoﬂ ‘I; ‘:&.!:N!‘A;'&L:b’fla

Ow,, € 2% %

«

(2.!!)
Whore Y is the realized value of the po‘ lm
% Q@ is the realized valove of pole Q ¥ ..
and ¢, is the distant mcgetive rwel anis pole ' i 2

pives: ' “ e

1), wl "rft;""‘“ (¢ ﬁ"t"'o";‘u’ -




Sineo ;\\\u approximately oqual to o - ' N
v ¥
g, Ce (F1)(G Gy 0y)w,

(2.56n)

Bu (1 5?)
1

) (X+l)w
C, G, (0.«:2))* =

1 )]
g —w—e —2 =

L ]
w, €,0w G.Glcz(l 0-';'-)

o

For ¢

7 > ¥, and Q > 1, the second term on the LHS can be
neglected compared to the first and this gives:
:9 = T = .T(;T
) 1 *]
o {c, Cp (K21)(6G <G *G ) (1o —)ogmu u {C, G G.oC, G .(C_+8.))
/flfz a 1 2 vy noncofla2 f31¢2
(2.%56b) .
1i1) . 1,, .
. Ce G.Gz“‘ 1) (h“ ) Cq G,6,°C, Gl (G;é,)
1 o 1 F
{(K+1)w
X, ¢ 6.c °
1.1 Yo a’'l72 PO
¢ wap— X - ;'— ‘R‘I *
2 080 QQGIGICI*;;“)
Kel
G'GIGZ‘I. ";";’ q’
o s " z
; (C, GG, (K1) (11)aC, @ .G4C, G, (G +C.) (1020) o -
flll ¥ tlll tzlal ’o ;
(K'l)uo . - ~ . é
8,Cy =z - G G.8.C, C, (X+41) (G +0,* --l) -
€,3,C; Po¥q 1727t 7ty el .:,"o‘i o é
] 14 | -
r — et
6.6182 . .



™" (2.98), vhen 90ived.a@ive & gosd eatiante of the offisit
of the pole of She O en 0 and o,

M’!’-“

quun-mn?nqpummﬁmw

e 2

Sow all the sessitivities end other relevant details

*hall be given for both the realisations pressnted earlier.

s)  Punal Capecitor Mealisaticn:

The design equations are a» M in 8" (2.42).
™s sensitivities are:

' .-‘C‘,' n “‘,

l.’lu.c 21073

for @+

)




*

J A
Moynituse and Megnitudo squared fone of possive *

ponaitivities arer

‘ 2
..l, ’ , (}./nﬂ‘

0. 4.
ts <y

€0
”»
0.2 1 1 ., 1 2., _ 1 42,1 1,2 e

Els . . s (3 - 1% {3z - }S e {3 - }

ACLUERE T AR R DL LR e i e
SR R (2.57)

[ ]

zlsx"; » 2 {2.57¢)

“0,2 1 1,41 1 1 .2
ﬂSx | “a i :"‘N}- - -‘——’lz . (—-—5) ~1(2.%74)

5 24Q 12Q
Where 12Q0° > 1 has becn assdiped

Magnitude Sum and Magnitude squared sums Qf the Q-

T

sennitivity with respect to passive elements have besen com
pared with thosc wf the existing networks (23) and found to de
almost half of (23]. Thus this realization is s&nrior in this
respect.

For this realization, from eq. (2.58), we get: .
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Enpending the right hand #“ sives: ; , )
¢ . i
, - ¢ |
2.9 o :h-:m«&_ (2. 98a) ,:
Y o Ye¥e - i
and g - s Yo xxaz-?-%‘ 40 1) 12.38D)
oy TR § : ©
: C e |
variatyons in . and § due to the effect of the prile =

of the GA copputed fram eq (2.58) for various frequentiss are
qiver in Trgurs (2.8}, These approxi~ste variations are vithin

4% of **# avart oncs at rigler fréquencies. vhich is also shown

?

{n Pigrive 7 £

—_ Tning ~f this ~rirruit fs sieple,. -, "an be in-

dependert iy ~ontrrl ied by adinstine *he amplifier gain K and Q

can be cortrlled hy adiumting G,. .

Thie ajreuit can ‘. uredigt~ cbtain réelfretions with

A
52 beieg praceribed tw twedn ‘% apd % The wariatioms én the

valuew nf f a4 *he aloment spréead have been given in Figure

‘ﬂ 26, T™is ~etwnrk wrg teoalsd fﬂ’f;ﬂ - 2.0, with

» ‘
‘ « It reejercre ;xine ’#}* 8. 10, '2-’ 1. 6579, R;J.GSRE. k-143,

- 24 Caparitors C, * 1% xrY, “c = 19 KPP,
. t e
&

st a frequsncy of 90 Hz, the rfsulu obtained agreed with the
theoretical rmeg within about 5!. Power Supply +“es changed

' from +18V to *10V end no varkevion in Q oF v, wes cbeerved &
ohowe in Pigure 2.7,
» - Y ’
3 N : g
* o _4.,....;? T AT T g, W ..ffx R mﬁ.*,}:’_ﬁ.w;mﬁ Y. %
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ﬁ-mc’imhmuuw,ﬂ%&ﬁﬁr ‘“
the cepacitors were changed to 3.9 KFF. In thie O‘l"“ﬁ
be reduced to about %% its original ﬁlnwmQh& |
This variation is mainly dee %0 the effect of *
ssplifier polei The .response of this circult” is ss show ia

design Value,

Figure (2.8)

hat J

LS

4

bl Unequa l-sag";citon Resligation:

-

A b st e

(Cf

1 6

T™he dcsign equations are ss given {n aq"ﬁu.ﬂ).

{

The sensitivities are:

Q
S‘ -0
(p.-1) (43-1)

0 Q 2
SC « -"‘c * . T _

f, f, 4p,(e0°-1)+ 2
SQ « - ‘Qz‘l -
Gy Qpi€402~l}*4

0 pa 1401-1)
s - —
Gy $f2{403~1}t3

0 (2p,-11 (403-1)
sc - ‘L-r-——m-.

2 9,y (4Q7 -1 =4

o (2.9%) °

- %zA :
e A

(2. 5%a)

t2.5%%)

-

(2. 5%)

{2.5%)
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-
18,°1 < 0.3 x 1073
1 for pr)
Q-2

. -
8.2 < 0.3 x 10”3
Y2

(2.99¢0

2.590)

{2.591)

(2.59%)

(2.3%k)

(2.591)

(2.59m)

(2.99n)

Yor thid realiszation, from "™ (2.56), we get for Py 2
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Expanding the right hand side, and considering first order

terms nnly, we get:

L

< e wels  Ya 1
E ___S 1 . { s 8Q) {2,fA08)
~ - 21 7“0”(: 0
#
b - _ » 0
] and g - ;.,39 2 %{32024—1»73 (2.600)
5 Yo'c 4Q -

Variaticons in . and Q due to the effe~t of the pole
of *the OA are "h*ained from eq (2.f7Y .,  The apprnxi=-ate and
ava~t varatione ape plotted for varinous frequencies in Fig.

E 2.9

Ei Thia netwmk a!«n\an be used to abtain realizations
~

y for varinus spe~ified values n 82. The varjiations in the

] N
é valuss nf ¥ and the element apre are qiven in Fig. 2.10 .

2.6.5 DFECOAPOSTITION I_I_h:

X sppears in a and 2° terms only:

It has beeén reported ia%e liwatu:' t183, t19)

by



%

that this d-miilm can be obtained from decomposition

1T, using RC-CR transformation. It may be pointed out once

agein that RC-CR tramsformation in genafal may leed to un-

scceptable capacitive clemant spreed. Purther the nusber of

caglicitors in the transformed cireuit uo‘ld depend uwpon the

number of resistors present in the original circuit., Thise .

in general shall be more than two in number and this may lead

to *hird ~r higher degree D(s) *.'D)(QH where the O-sensiti-

vity with respert to passive elements tends to be high.

Networks with this decomposition with constrained capacitive

spread have not heen reported in the literature so far. |

Therefore, this Adecomposition shall be discussed and a net-

wnrk for i1ts realivation shall be given.

n{a) 18 of the type

Nley - sza‘afél‘!82¥‘v +Ky

1 2

Al sKy.V
1 2
1 ?

.l‘r 1‘!\'2

;!“:-
o T T

Ky ks

1°7%

o f e

Ky

T

1

{2.61a)

(2.61b)

(2.61lc)

(2.614) £

(2.6le)

(2.611)
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0.0 ;
-3 "‘i“‘l’ (2.6
‘l ,& 3 “{
with the sensitivity bounds being:
1o <12 (2.%14)
e
0 <8y < V2 (2.61%)
Q. o )
-1 ¢ " L g " < 1 . -(1"3’
")
- S 82 - Siot o (2.610)

Q-sensitivity magnitude with respect to passive elements
shall be ln; than unity in two cepacitor realisations while
it may be high in three or more cepacitor realisations. .,

sensitivity with respect to’ponivt elements is less than
»
unity. 5,0 in this case is exactly similar to that of

decomposition Ib and as such its msagnitude shall De almost
equal to 1/2 if not prescribed. If it §8 prescribed, K
would get fixed and this would fix the realizsble valuve of Q.

The networks obtained from this decomposition too are not

Y
suitable for prescribing llo.

Q

s‘,
magnitude being lower then 1/2. It is porsible to prescribe
sgr 0 in this decomposition.

nce either sg or 8.° is prescribed, bounds on

the remainina sensitivity get even more restricted according

if not prescribed, is gquite low, usually its

-

to the bounds on their sub and difference. -
A three capacitor fealigetion is gliven as M in'Piguse
2.11. )
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where N(s) - -K3C3Ga(scz*0i2*622*93) : < {2.62a)

Dis) = 8C,(8C %G, ¢G_#G ) (8C 4G _+G,  +G, 1+G,($C G, ;o

k] 2 12 22 11 2
22) x ls(‘l*s(‘fﬁ -G“ ’21) KsCIG“{sC ‘Gll
&
{322~c}1‘m1}(;3is<'1‘a(‘}-c;(;“0(:n)
(2.62D)
(PR w'i [0 ¥ + Y 4
o 127 722" Tal Tt .60
C, !
7 1 3

Ane neaat ive 1 C1l pnle wowald ~ancel one negative resal rero

~f the T a' t+therehy giving:

 SEERNL RPN Y:{"zc“(’a (2.f%a)
peer - cf“:”?:’~nP?P;.G‘tGll‘G?]} sfzﬂj(Cl*C 1
I AN I € 54 ¥ Y [
‘ VT G RGO G EG a6, (G o
(2.64B)
' — AV - 1. £ AN . SN, SOA——— S -~
- MY e R ISR S G I o
c IS R R R PP PRl ¥ A
. “' aoé 210(}}&&’.}).»‘{‘26}7?:32( 3;
{2.648¢)
"}‘ T e
o /. R (7.64Q)
1v2%
0.1 12 _ G116y
* 3 i A‘: M f. ‘-‘:‘:—‘ -{, r
KT 6L TETE, N N AT
Q G, (® s (2.640)
*n 1 12 '
9 * 3 e (2.64¢)
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o< sQas® 1 s T 2u70d)
KKk = 7 Lo ,
| | T SR IR SN .
.. Passive netwprk having transfer function of’the . .
I - 2‘ R . }“,,‘
typen' + 1 , where Qp a P3551ve~Q, can be obtained by LY
i 5 ""S/Qp "’1 Av~o , ‘ o
“using at lgast th eé;cabacitors [331. As such this type . T
. \\ * ’ .‘“
of decompositionfican be realized w1th at least three ‘ o
.capacitors with one pole belng cancelled by one zero of the S
T(s). sensit1v1t1es with respect to all the S ‘
network paraheteré shdll be computed through the coefficient‘
sensit1v1ties as descrlbed in [27]. _ ) ’
-~ ; _For D(s), g, if not prescribed, shéll be very . 4
nearly equal to unlty If prescribed,lsg fixes K which in - ' B
- . ) > ” s ",( " - i“ ‘
its turn fixes the realizable value of Q. Hence.networks Coh
[ \ "‘ . " B .
obtained from this decomposition are not suitable for the
prescription of SQ. h ’ ’ S ; C
_:{‘ . . : . or "t) ' [ o
v ) _' ~ o .' ) ’ W . . ‘\ku
Fizlkow Gerst conditions dictate that o : ;”il. ' )
; ‘(' . ) :‘?";‘ .f- \ b p L :
gy < Ay N L o oD
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then . s§° §ha11 not be zero, but shall be small. oy

}

- N

It is always possible to prescribe Sz" = 0 with respect to - :
, i o Y |
D(s), for which' the condition —2 = _._2_ has to be satisfied during
‘ .a Y & P
. 1 1 ) .

i

reahzatlon. Usmg the general conflguratlon of Flgure 1. 2 ,,the' - o .

\ :
tive ﬁetwork for this decompo51t1on can be obtamed which is a Ba’nd ‘

Pals Filter shown in Figure 2.12 . -1 .. C e
Analysis yields: | B U

’ ) o - se +G A S | 2 .
' T(S) = Vo ( 2 Gl 3) Lo, . . :

. ' . i s C C3(§CZ+G +G3} (K"’l)"'SC 3(3 *GZ) ( C *G]_ *63] o . .
X +5C S(SC +SC3 G, "'G )+G.,G., (sC +s( +G‘)_) 0@_1) : / R

* v ‘ Pl 0 M . .
: _ I S E A A
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c1 c3 646, . R I
o . . et - v
- ) ' ' N e A . o
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A xec c3c e 1_‘
, s clczc_,'(x+1)+s{ z(c; <, )+c G4(C +c3)j+nlcz{x+1)

o G .".;-1- e (o 73)<~"“

-l is: alsq satisfied thus gi\‘ting
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The design equations for this réalization ate

~

G, b 4(n+ 1]
G2 = \

a

[b2n = ?(n * 1]
4(n+1) -
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bin= 4(n+1)
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Q. K - ' R |
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80 <5 S (2.77) SR
.‘ ' - . :' . ' Kz . ' 4 ’ RN B : "".’: '-".“‘\
, . Gain Q*Sensitivity Product = R - . e
- q K+ 1 L@,
. Transfer function gain at.pole frequency = .. . RS
. Ko, K g% 1 | ' ‘
- o~ - -4 - L —— N .
K+ F % B 1 i, @) »
. : The Qapacrttive spread has been plotted agamst n for e ’
various values 6f.'b’ in Figure 2.13 . From theése curves it is cled®’; ]

that for a rna}arhun capac1tive Spread of 5 the least vilue 'b' can have,
is /8 . For any g:wen capacitwe spread and a given gain Q~sens1- -
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and ‘other resistors realizing the closed 1oop gain K for D(s) Q~ and.

w,~sens1tivities with respent to all the network paramoters shaan be
\
| obtained for Ds(s).. Further the effect of 0A WIe on . w, and Q shali
,' be consmered Experimpntal resulfysr are. also given.
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" From eq. (2.79) it is clcar that for the nomlnal val\Jes of T

»

the network paramefers ohe negatlve real axis pole always cancels with

‘-

one negdt;w;e real axis zero of t}‘te T(s). Also from eq. (2.79) it can

be seeh that D(s) shell havé no negative term ’after cancellation, |

and "as such this. network is stable during \activation. : .. .
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¢). Q- amdw.-Sensitivities for D(s): .

For theqsaké of conven‘ience, Q- and wo-sensitivities with

respect to u -and with respect to the resistors realizing the amp11f Y

w,‘_11 be computed for D(s). Subsequently Q- and uo-qensxtlntles mt

respecf to all the network parameters for D (s) shall be presented.x
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for a high Q, and b>1
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only. Since Q- and -wo-'sensitivities with respect ‘to K do not change

G:,,1 and G41 realize K and control K .

very much from D(s) to Dy(s) therefore it is assumed that 58 , S:"’
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changf‘:,'very mud} for DS(S)'

é). E"ffect of the pole. of OA on Q‘.and Wo &

Iy N
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In‘order to study),the.'effe(‘:f of the pole-of OA on Q and
W, it is aa.ssv.med'that the desired elements are'e;vailaﬁlg and th;re— ’
fore onc polecalways cancels with oné zero of T(s): For the nominal
values of the elements, from ec?\ "(2.‘79) , after one pole zero pair

cancellation, we get -
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e 'l’his n8 k‘nas tested and it gavé the follmiing re.éu, S, -

Q = 98. 75 o RS P

. 3 S ] . . ,

) (ﬁo = 1580 Hz ( . . * . :,' L

3db.” freq. w; = 1572 Hz . -wy = 1588 Hz R ]‘ .
10dp. freq. wg = 1554 H2 . W w1606 Hz o oot -
The realized value of Q is‘within 1.25% and that of w, is R

within 1.0%. The variation can be attributed to the 13 passive elements

"used. SRR AR . | R A

- - Due to the hxg}fer Q- seﬁ‘sitivgties with reSpect to the passive ) .
elements networks obtai:negl by thlS degoivposxuon are su::.table for hybnd B -
. type of reallzatlon, where trackmg o‘f.‘passwe elements can be achleved - B
' The above network \}as tested for two supply. d.c, voltages, , ;

+10V and +15V and* three temperatures~(on1y the OAs were placed in the N N
* oven), room terkpeéatm:e (22°C) and 70°C and -the photographs of the.f
response were taken., No appreciable difference  in the response was seen

!

|

|

|

1
during these \*rariations. Photographs of various. responses are given in ‘ ’
Figure (2. “16). In order to observe the effect of temperature

and power supply variations on the response, values», as

experimentally measuréd, ard plotted ih Figure 2.16 between I
the two 16-db peints in the i'esponse. a '

g). More Band Pass Filter Networké:". ‘ , e

N B . ‘,"" 1
2 b - . ' . . o W

| 'mebaslctwm'rnetworkused indeompo%ation IIc canbe }‘j-.f

. v;

- used to realize various filter networks} "'Llf%n& of; ofe or more of the
grounded elements and connectmg them to the input pomt assures no .. {;rj’,,}*;;

\:-
N

change in the D(s) ,{6],but tm;, changes the N(s) ﬁns ﬁecimqw m‘ y
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be anployed to achieve othet Band Pass Networks shom in 'l‘able (2.3)

The Q- and «.-sensiﬁﬂttessand&heir GSPs with respect to the. active

N

~ parameter remain asbefore. e e
i It is noted that for all ‘these Band Pass Netuorks ,

prescription of S'l’z -0 and the mmimization of Sg smntqneously reduces
!:

AT(s) | [17](35] as ueu.

T(s)| s = juwo

- ‘ ’ . . . - f?
h). Al] Pass and Notch Filter Networks:

All pass networks have been reportgd in the literature (61,
B6-38], [36 38] realiie only neg;ative real axis poles while [6] utilizes
decomposition III. No all pass networks using decomposition IIc have
been reported in the /I'iterature ‘to the author's knowledge so fa;'.

N ’ Table.'z'.‘d*'jé’iw'res some all pass and null networks from the
basic twin T network. These networks have the same D(sJ as in those of
table (2.3) and thus have same Q- and w,-sensitivities with re.;pect to
the active parameter with S:"- 0 and with agl optimized Sg or GQ-SP. |
Also the zero-Q(Q ) and zero-w, sensitnn.ties with respect to the active
parameter are zero.

\

i), Low Pass Filter Network:

€

The basic r:wm'l‘usedassham inFigure (2 19) givas a
Low Pass Network xealization. A

Anal)is‘is yields
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‘Analysis yie;ﬁs

°

s
s

e Wit.hthe asswtims K 51 and Q »1 the Jbsimmm :
have been piottea with K; capacitive sm'ead and resistive spread against” PR

. G ) e
g‘-‘- in ‘Figure @. 20), From t,hese design curves it is possible eo select
1 .

-

a suitable "‘G_ for a prescribed value of K, for the capacitive spread
SE 1

being as low as possible. The east value of X available for a capacit-»
ive spread of Five is 3.1Q for n =5, G /Gy - o. Since sg is. very
nearly equal to unity K also gives GQ-SP appro)umately. |

For the netmrk of Figure (2.19), s:(‘ # .0 but it is very
small if not prescribed. If S;"( is prescmbed this fixes K, as
G,/G, has to be within certain 1glm1t§ and this in tum would fix the
realized Q. -3 is very neatly équal to unity if not prescribed. This

too, if prescribed, would fix K, and as a result the realized Q On

the other hand it is poss;ble to optxmze K fora given Q while the
capac1t1ve spread is being contmlled and this in tum optimizes S '| '
GQ-SP S;° is of the order 1/2Q This makes the vanatxon in T(s) .

dependent on —39— only., 6

) . ®

3). High Pass Filter Network: N S IR

RC-CR transfomation. of the network shown.dn Figure (2,19)

ey 'u

nges the netmrk of Fzgure (z 21) and t}us realizes 8 high pass netwoﬂ:

Lo T(s) ‘"

‘ 8 Cs(SCz*GE’G 1 (> *(k*‘l)cll’sc;cz(scz’c *GS) +
'+‘sc'2 3(5C1+e93*s mz)ecl (sc1+sc +sc +cz) (K+i) (2.93)
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A ey o /Gy e
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R P S e [1*'/1*16Q(1*1/n)(C1/Ce)(1+2(C1/G)]

. assuptioh K> 1, @1, Froa these curves itis’ possiblé fo obmu R,

< ‘,:;‘_:.'..:r-‘:~’—=~‘/

WLy -

" prejcribed. If it'is Bmscribed his mum.ﬂm for aay gim |
R ValueofC/Cl -and ..thisintm'nwouldfinealizeﬂ Q. (.’ntlw‘other REteS
r hand it is possxble to optimize K for: anty given capaciuw Sptead BN

/ and this mininize GQ-SP in this reuizatiom " |

.. One S of design’equations for this manzation.'i; SN e
3 . ¢ ) ) . [ 4 s “ . j .‘ . '4’:;;
- =6 ~ ‘ b (2.95) = |
v, . . :{‘,};’ ' . ' ‘ ’ . . ’ i ' . ‘ﬂ - - ; ' ‘: 4‘ “ .“:
., ] . CZ = (n + l)c:!;\ ) | ' m | (z‘gsb)
L 6, = _c%_{x +1+C /01 | R.es) - -
; : - ‘ oG KelsCo/C, T T ‘ ) )
*‘ - \\k G 1 . a cl "'/ . ° ¥
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B . where C1 and n may be chosen arb1trar11y as positive nuabers.

r _ - Design curvas have. bagn plotted in Figure (2.22), with’ x, o
'  the capacitive s;qu and the resistive spread against C /c1 with’ tlu e I

>

' thedesire&valmofﬂ/cl for aprescribed K orGQ-SF wifzhﬂw
‘ capac:tirve spread haing the lowest possible. th thbsa mrws it :is
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wial Gy ol 3
\,t ;&'\_vﬂ T *’-r‘ 5 ~« -'«

ROAPE RS R ._% 3 ‘,
A PN, SR o {:“- t‘%
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i 1'
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N : seise e s
jolt-

Spreadofﬁ\rea&withﬂvalmcml-'s.,sg‘ iso‘f t
- ®his mikes the variation in'T(s) denaﬂmm ég iy

.

Inu'thiS decowosition K appears in s«z, s and s° texms.

D(s) can be of two types o S
- 2, ' L : ) - . S
D(S?g . 's (ol + Kay) + s(8; ™ ng) tyt KT’Z \ R

1y : - : <5

and ”‘, R o, 4.%

. 4 D(s) = s"(a; * Ka,) + 3(81 - Kaz) + R4 1 + KYZ . ),
These shall be diScussed separately. - Q- o _;ef-"

a). Ks Term is Positive: - n oL, - €

D(s)'s(“’x“)’s(sl*“z)‘H”‘Yz @)

fxmwhich L a - T
a 7 Tal +—an) (Yl + k72) - . -

T : B1“‘5@2 ST (2.96b).
. ‘v " . ' B ' ) '
o I R I s
‘ S e - (2496¢)
° . e . ' . .
x*z’” . ) 10 "m ij": ! -: ’ : ¢ :'»
o e W LA s e

BU R TR A S X

v t
PR
. «
N PR I
{1
BN
vy :
A .
e A
O
K »
FoT .
P,
! A
A Ei
L .
NN )
Pony A
N
RSN,
s AT
P FALS

“.

oK
ﬁﬁ&?&’%



S \.ﬂ

o t J .

~F o 0 with the sensitivity bounds beiM R
N S 1 <R <1 . - B (zm) | .
5\:"»":"" ‘ ' ‘ . . . - \\ | . : . ,-)} | \ “ ‘

T - % <

A
oo
o~

™~
-
-

e vy . )
- A . . 3 - . Nt
h et - - . ' e- N - PN . A a s . E
Sl - N ¢ . B 4 T, o X ; i -
Pt . , LW . . . oL ., N X
A b . v N * 1 k] N ~ AR " +
vy L - . v . Ve )
. ‘ “ » . R . o L L
o ' ' . ", 24 .

N s « - . , .. ., .. )
o ‘ -1 <1 \ :
; - * . R .

' PO K
NI ‘ ) A n 2.963) - - -

| b
-;"v > ‘ ‘ : A | =
3 y ‘ ) ™ - » N . oo
= . . . . . , RN
| l ) - . t
. A - - . R . . ) . . )

c ' /‘ -\ v -
' ~ [

o - )‘ Passive network having'a T(s) of the type co.

S T(s) ‘.__gitasﬁl

b‘\ ¢ D . t, *’/%*1 ':'.‘ﬂ.‘

3 ) :

o mpolé ctmulling*ndthoné um ofths'l'('s) 0, canih esc

i

A

Sy

<

3

s

N ‘;( 'u ,<
v ,.95\,,, -zf‘,y X
} Iv s“:‘ vi"
; :-,‘.‘ ,,7~ é%ﬁs%‘
1A VY o} \‘, ,,
3!1 2 ',,:» it

ok’
vy



3

v )
« Dy TR e BB, st oLt
1 ~w v R CR OO 1 Sl (14 WIS P AT f"o
I .9 e Y ,\,..,, L ‘f/ J ’34"». “\«;"& & ;ﬁgﬂf‘;.,gg.}"_??wf‘,ﬁ@@u&‘fg’%
: . : . A, LMD IR A G,
e e . e .»‘/‘f\-,. it ok PR ;;t» ‘35\‘?,33%"%,‘:‘ T Sy R,
- L - : )‘.“..1. - ““"u’“ﬁ.""" RN Sv.""'? TR ""\-,x‘.‘y\‘:’,uw 3 N%:
T b omoe BTN, Y . RN R O
Weg ’ R A AT W L R,
Bl N N PEIR
' e @ o fo 4 an ) St v
3 K. O S DTN S
Y. ‘- r"“p".? ca e J“\’
.- K R
:ﬁ £ this
.
‘ The mtmrk izum (z. ) gm a mﬁazation °
!
t

o
B

Wﬁtim. v \\\‘- ‘ ,;' c..fﬁ' Lo z-f

: . : -xscsc (sC2+Gl*G3)
; . scs(sc2+cl+ )(g.c1 )+Gs(sc

(scl+s(:3 a*Gz*G4)+K[sC3(sC1+G4) (502*61*63)
R 1 a I A S

R SR y o

for 1 - one zero shall cancel with one C
CZ cl + c3 ' ’ o ’ ”

N

pole. After one pole-zero cancellatiom in T(s), we get : e

e

&

D(s) = ’52"1°zc3(“"")“s [€,C48y (R IICCo (G20, C B C T - 4

Y

&)

s
- i . w A
-t . . . ’, e N
, ] . . [N P

. . . L] B

i
© v . .;H. !
v ‘. i [OEs

. . B PR
, - ‘ AR

Q :
: : r C,C4G, (K + 1)+C.C (G + )+C.6 + C ) L
| 2035 230 * G2 1*C;5 €+ (2 98b)

G R *s,)&czc,(ql 3

Ey N
'




FRie

DAL,

3!

<
1y

. FIG.. 2.23 ~§£Nn' PAS

T

PR
35y

N
'y

i

[
o}
R

}\ S

o

.
NS
Oy

>3

.

AR

o
>

SNET xut

ok

©

§ FILTER REALIZATION FOR':::
'DECOMPOSITION

)

H
<

* B
r

P
IiTa

X
ATy

N

PR

(R
#L

AN

¢

U



B ,
e s, @D CTEFEG 7 - chcs%f |
Do P ' . | - QICZCS(G + Gz)"(‘}%(cl + 03)15_ R '7‘(2:98§I
L | o _ For a given Q, K shall be the smallest if G, =0, in vhich
o ‘ case the decomposition corresponds to Ilc. Also on the'other hand for :
o a given K, Q shall be largest if 64 =0, . . L
' A close look at the network as weli as T(s) of eq. (2.§7) . :
e confirms -that decomposition IIc is a special case of this decomposition” L
© with 6, = 0.” Conpared to IIc, this {deconposition shall have a larger. .
" . K 'foragiven Q anda smaller 'Q for a given x and a larger A
E : resistive spread. . ‘ i R .\ :
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Assuming ‘the elenienta%-:val “the mal;z:ation of this‘ :
decarposition being the same as that the realization -for decouposiiim
IIc, ue shall relate the value of Gy the additionsl resistor required
and. the pole Q of this circuit 'Q,' with the Q of the mmspmm R
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(2.100b)

Resistive spread: 1: 100Q/1.45 1 (2.100c)

¢

Gain Q-sensitivity product = (2,50-1) (100/102) {1 -1/(2.5Q)]

.

) .

i | .
% (2/5Q - 1)/ (2.5 x 1.01Q) (2.100d)
 '<2,5Q - . , -

°

n ¥

. . L 3 .
This realization can be made comparable to the realization -

for decomposition IIc)ag: the expense of resistive spread. - Q- and o~

senéitivities for Ds(s) can be computed in the. same ma,nnef as in\“

decoiposition IIc and they shall be 6f the same order, '

b). Ks-Term is Negative: -

D(s) is oftivetYPé il
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discussed further in this thesis. DU L L “_g_,‘w;;_.._m
277 SUMIARY_AND mscussxms: h -
At this stage it is possibie to. sumarize the valous .
. : properties of' the deconpositions cmsidered in this chapter and’ also =
; _ discuss some of the realizations. o ‘ o ¢ B
;:’l e " i) Decompositions Ia and Ib: ‘
B These are suitable only when S?( or S ° is not prescribed. |
- Q, Sl( and S? are mterrelated and as such one camot be prescribed f:
independently of the other. The value of K required for a realization ;
, using these decompositions is high of the order 8Q". .
!r : | .mg\ 5 . ~ . , )
: ii) Decompositions Ila and 1Ib: |
For these decompositions $K° cannot be prescribed T
| mdepegfdjntly of Q. However, these are suitable for the ptescription |

of S% only. In fact Sg. can be specified to be zero. The amplifier : LN
* gain K required is high of the order 32Q%. .Q- - and wo-semsitivities o

‘ with respect to passive elements are low. Therefore, these netwofb,
F B are suitable.for implementation by discrete elements. Pole-of the OA
has considerable effect on Q and wo for higher frequencies. There-

X et S T S A
S -
i~

fore these rietworks are suitable for lov Q realizations atlow .
frequencies (Q = 5 and w, = 100 Hz). T
miii) - Decomposition, Tlc: | S
.,\ For th1s deconposition, sle can be. speciﬁbd to be md aml
si\nntmeously sg ‘or Q-SP can be minimized, while mtmllm ths




3.
v

elmt spreadasweu.; Mthedeviatimmthatrmsfer

s
‘> 4,

o

L)

R . .

e e i b
e e g it

K

“also s minimized, mvamsof X forthenamrks of this émom*
ion is]of the order Q and ‘thersfore these networks Tealize hightt Q -
for a given K gmpmd to othér deéonposi;ions considered in this . ’
chapber. ) . A : ‘ ' (
rding the realizations, Band Pass, Au Pass and No,
Filters have been realized with §° specified tobe zero, and nimnizey
sy or G-SP of QVE~ with a maximm capacitive sptead of five. ‘Low
| Pass and High Pass filters have been realized with & low §y° (of they 1
. order 1/2 Q), and mininized sg or QQ-SP 0£.3.1 and 3.86Q respectively. "
R All these realizations are of the non-minimal .capacj type: The ‘passive o
sensitivities are h:.gh (of the order of Q) and therefore the networks ; o
- belonging to this deccnposition are suitable for iuplemmtatmn by

i : hybrid IC techmology. - g S
b ,ff - | ’ M , SR
el iv) Decomposition ITI: o S LA

This decomposition also can give a high Q realization with . |

; S§° specified to be zero. However, the value of K required for a
( given Q is higher than that required in decomposition Ite.
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o 3.1 INTRODUCTION : ‘ N SRR

a /
oo In th1s chapter the decompositi n IA of B(#) {197,
A shall be considered. The corresponding n twor s use only one ' > 93
ampﬂ1fier with posltive feedback The bounds on Q-sensitivity

. ?‘ . with respect to amplifier gain are derived. IJ general, more \

ot

than two capacitors are requxred for these realizatxons. The
corresponding third degree denom1nator ponnomial Ds(s) is ' :
- > exafiined for Q- and wo- sens;tivities.u | : ’

o ) -~ Several networks belonging to this type of decon- “
<

;;' | posif1dn have been reported in the 11terature (8-13]. All ' S

i,

b

of . these networks use coefficient matching technique to obtain
the realizations. A synthesis procedure thqt does not require- SO

matching coefficients is presented in this thapter. A method

%_5 . of optimizing Q-sensitivity or GQ-Spfis\gibeﬂ Usihg this | ~;~f
a;f’ ' method it is possible to-dbtain the deS1red roalizatlon with :
either SQ or GQ-SP being prescribed or minimi*ed whilo the ‘o Qiﬁ

element spread -is malﬁtained within specifledllimits. Go=
: ! -

&

sensitivityoin this oé%e is zero.

-

,
s

r“ ’/ N v ) . * L
3.2 ° SENSITIVITIES AND THBIR'BOUN955

»
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s
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s

.

by ~ b/K

Purtfi\ei' eq. (3.1) may be re-written as

LA ¢

o+ s(a - K8)) ¢y (35

D(s) = s

[}

where o, 8,, 8, and y are functions of the resistors and the

capacitors in the network and 'b' is ax;/afbitrary positive cqnstant; o

'
- . "

Aso a=1, y=1, 8 - Ks, = 1/Q
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Now the boun‘ds on SQ are;

I :

;ZQ-1<SQ < o

<

e LU TR

This is the same\ as }found 1‘:»41.9/ \[’%

o

rl

3.3 REALIZABILITY CONﬁITIONS AND RE‘ALIZ"ATIONS:'

K]

We shdll ‘use the général network shown in Figure “-'1L4‘»

for rea11 t1ons. Also we shall first fbcus our attentmn to Band

1}

A AN SN {‘“‘

Pass and Low Pass % éﬂfmﬂdns dnlaz, wlnle the others shall be dealt

) with later:

toy

“3.3.1THE BAND PASS FILTER NETWORKS:

N e
- -~ o

a). Realization-:
= .

\ R . .
_A:general B P, T(s)® shall be B

<

c o Ms) =

- s‘ “, 0 \v,b b
RS , ) 1




"

by {- + 1), gives upon,comparison with the network of
€

. Figure 1.{, one of the identifications as folldws:

,

“Y21a

(3.8b)

s
€

+ (b+1/Q) s +1 (3.8¢)
.s_ + 1 :
€

Hereafter the problem changes to that of passivc

synthes1s with an exact realization of given Rc-networks from
{39]. .Using. 345159" Gerst synthesis: procedure [39}, the |

* w‘
following identification ;§‘possab1e

¥ - Sz + b/K S
11b S 4+ 1
€, -

o —slb-yx)v1ze] + 3
+ 1

€
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where . o S
©a = b(1-1/K) + 1/Q ¢

; ' ,"_;\2

‘b1t

LN

bkl'l/g)4ijd - 1/61 i

BRI

28

LY

b/e, - K~

b(1-1/K)+1/Q - 1/e,

b(1-1/K) +1/Q -
llei |

b(1 - %)

i

K(b/e;, - K)

-+ "(3.10h).

b). Realizability’CondﬁﬁioﬁsﬁA

. a, - e ' . 14
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The POSitiVe gain amplifier cﬁ gain K~sha11;§8;ﬁ
realized by the network of Biaure 3 2 :‘ “7{ ,~:;;7ﬁf
ng; , Analysis gives N o ‘ ; ‘f"l j. .;._}'Q.';ﬁ

L Ve L LRR
C . -’ _—-———I——h—hm- \ ! s
) * RglRy \ ‘4

:
3 ‘

sr -

S 1+ e

- for w >> L+R/R, "= K o (3.12)

’ where u is the open loop gain of the operational amplifier

‘ﬁ‘ ' Replacing the amplifier in Figure (3.1) kxﬁth? - o
ﬁ;" ‘ ’nétwork of Figure (3.2) gives the network of Figufe (3.3). ':,:%

o ‘Analysis gives . :
y ) ’ - y ) . oL e
B T(s) = N(s) . !2 ‘ ‘ .

! D(s) Vi ' R

r o

- \ where , : .

",a' N(S} - Sc GZ(SCZ + sCs + G ) X ——__I-::—m—

S

2 | S et
e e — LT pase)
Ef{ o /o e =g (sC1+Gl+Gh) * sfczcstscl’cl*cz.\. .
g?fu - SR €82 (36573C5Gg) - z“s(sc *61’62’ i"f; <

5“”‘  . o - 1,4 qj/g“ . ] ? S . fa
AR . 3G * lgz(scz‘scs*“s :
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3
9

(3 16;) L

0 L saam

The approximation . >> E%;—i has been used to‘
derive the sensitivities in equation (3. 16) ance 64, Gs
and # affect only K in the T(5),Q- and wo- sensitivities for
DS(S)_shall be derived with regpect to K and other passive
elements only and not with respect to u, G, and Gg.

2 mﬁy ﬁe seen that Q does not change ;Bp(eciably
with large Varlatlons in u, but it- is highly sen31t1ve for
any varlatlons in G4 or G¢ (whlch control K) and this is to

- be ant%c1pated.

d). Sensitivities for'Ds(s):

?ronr:L:. (3.1); D3(s), in;ggngral can be reprgsented

by L ‘ v - . s ‘
+Dq(s) (s+§1) (?2 + %3 s + wl)
(S+e ) (s +°S(b+1/be K) +'1]

3 $2 g, + b +1/Q- xbl+
s[l + g (b+Q— Kbl)]* €, (3 17)

"L

- .x

£

'ﬁhere'el is the negative real axis pole-of third or&er*r(s)

.
To- - . ' -

‘w : .
" : A%
+

From sectidﬁ. 2.5,D (s) can also be represeated by

2
DS(S) = ss + 525 : 615 + 6¢
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Y

Q + 31 S )

§o - ?

S¢ = O s : (3.18€) :

 From equation (2.30) of sections (2.5) and (3.18) it can be shown o

that :

"5 W . and these are the same as for'D(s). . .' = . Lo
TP , Q-, wo- and t,- sensitivities with respect to. allf ' ...}
gp‘ ) ,‘}: ) . e . - 3
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S 1 1 . (3.200)

. N ~

oL . i

A o1 Qe PReD ke /bebe) (A-1/R 1], K0

:. “t\ . ’ Cz Q1 + ¢ z) N -

N , 1 1 (3.20f£)
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0 ~2QR e+ (1-1/K) -1/ (b (L-1/KBL/Q) 1+ QMbe A - 1K)
Q. 151/ (BQ-V/K)+1/Qkey-1/ (B(1-1/K)+1/Q). S

7 ' e
) - 2ey (3.20m) © .

< -

QUz-be; (1-1/K)+e,/ (B(1-1/K)+1/Q)]-¢, -1/ (b(-1/K)+1/Q) -0

G, 2Q(1 + ¢,

.

A s 2 |
Co 2Q(1 +ey7) - 2eg : (3:20m) -

) . + +
¢ . T N

R Q[e12+be4(1-1/1()41'e1/ (b (1»1/K)f'1/Q)]+1/(b(1-1/1();1/Q), T s
Ga. ' ) -
2 2 \ -

f LA+ ey )A‘ 1 . + (3.200) .
(2Q* - €,Q) [e; + b - /K] | e
sQ . 19 Ly : ;

Gy 2 ‘ " ' LT
2Q(1 +e,%) - 2¢4 : : (3.20p) Lo

b

Sho=

Q1 + ;%) - 25, o S (3200 . E

i s “ ;; ) "t; 'qu SN F] ) ‘ ~’{ 1
e; QL - bey(1 - 1/K)] - ¢, | S

5y - ey L U (3a200) L Y

.3 QL + ¢,

X — It can be seen that, the Q-sensitivities with —

I3

.. respect to the passive elemefits are high (of the order of

Vf,', . Qj. This makes t_hesé ne‘tv'vo‘rks‘,‘_"jsuitablé Lohiy A'f,oz‘:, ixﬁpl ' n—- ‘; -

"\ tation by hybrid IC technology: - = ' S
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e). Prescription and‘Uiﬁimizatien ef SQ and GQ SP'

s

The choice of £ ‘is important as this affécts the
element spread the values of b and bK. Figure (3.4) gives ‘ ,yffﬁ\

a family of curves giving capacitive spread versus 1/¢y for :
various values of b and K. From these curves it is possible :ji
to choose the values of 1/e1 and X for a given b and a giigk$ ‘
maximum capacitive spread. Similarly it is alao ppss;ble to
choose the values of b, K and 1/e1 for a given value of GQ-. o
SP and a-desired cgpdcitive spread. It can be predicted 3;Q
that for the network eE?Figure (3.1) the 1eaat value'of GQ- ’
SP obtainaele is about 3.51Q when the maxipum capacitive ‘ TL:
spread 1s 4.8 for whlch, b=2.7 and K = 1.3, > |
Further K and bK have been plotted in Figure (3.5)
against 'b' to obtain the least possible value of GQ-SP for
unrestr1cted element spread. ZFrom Figure (3.5) it can be

seen that, for th€ network of F1gure (3.1) .the absolute ’

m1nimum GQ-SP obtainable is about 3. 07SQ for unrestricted e

Y iRy
£y -
T

R

R

element spread. . ‘ ‘ y (
: " PR v : .
f).‘ Stability: : ’ - ) ok
' A : ‘ S
» Positive feedback circuits have a tendemcy to ~ U .
become unstable which is clear from the presence of a 13‘ . 3jgf£$f:

negative tern 1n the D(s) and also from high Q- sensitivities
with respect to a11 the parameters of the netwark.‘ ance

the amplifier gain variation deaa*not akfect the pole»fredé

"uency it is possible to use pas§1ve eigments elose te tﬁe




be adju&ted to get tha dnsimed vaiuc of Q,. 'rhis aj.upw
schemq assures the stability di thiﬁ circu{t,. This élso

L permits a sintple tuningwproc.edure.;

-~ “ .

ect of. the Pole qf OA on Q and »9__

a‘ '

From éq:. (3.13) , %he Des) is

2T sl

D(s)-s . 5 b~*§'.—"~"‘K"

. 1+ =

3
PR

« ¥

iy o o wg
Replacing u by YIRS

o

.

w

s
where N

wo is the designed pole frequency

A

oc is the pole’ of eA

o is the. ‘d.c. gain of: OA -

N
vo we _i§ the gam band width product of the OA

wqget‘x o — .

v

.ﬁ_,._‘_., a

D(s) = g (Km/(uw uc))+ §2 1 + ---;. +(bq/g)........z;.,

t

bt

w [ "

comparing eq; (3.21) with the 8q. (2.55) givés "

. N 1 "”
vy S2

e
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‘Second term on the L.H.S. can be neglécted for ei>’1;, Q>»>1

e and ;o w1, cémpared to\the first'ierm'ahdAthis gives
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A““ and agrversus £requaney€p1qwa due to;the ef@éc
, m° e T, . . L B

. R . RN o .

o 'pole of OA are obtained fron eqa, (3 23) and (3.24) ior an f _
- GA uA741 type and these, have been g1ven in Figures sﬁé and o

e s} M i

3 7 respectlvely. Actual variations differ from the

approxmate ones within 3% at the higher frequen‘ies.

h). 'Realization and EXperin'teﬁtal Results: T

v
~

: -

" This network was bu111; up usmg axscrete elements

P . anci 1:‘es1:é.dQ Tl;e resul;.-sﬂare summat:ized‘be‘low - -
g‘} : :,' ,:'{ ‘ a) Designed Values: . " i e ’
R A : b e : o 8 o
o] b o= 2.7 , S ‘
S | .k =.1.3 &e ) | N\ ]
;.ﬂ L Q = 100 S .
S TR ags 10,000 rad/sec = 1592 Hz -

4 . \

: C, = 80,034 .PF ,. S g

\
) - GZ = 20,769 PF -

~ et . .

L . Cy=Y98,504 PF - . L0 7

e Ry = 4888 a .
y ‘ : l/e =-o.sa§ B

- S Q. .
S 3 2"7‘2 .
S e s 3 1 75§x1o'5q

. 384:!3' 0.623Q

: -
pw g st:
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X iy *{A’;“\‘

. J:-1 i “,, .;‘ ™

. Q w lf«wh S,
. ' L T
. s QL*0.625Q“;W

i .ot

s IR

T e . s 0 T

w~4L —— i

n | sQ '3, 51Q

P DA

" e s S R T A Eéw»%g;

c Sg = 2.7Q : ,, S;O =0 . S§a6 L 3’
N . - . € , v L ‘,;~"",;l‘:s,

. s , & ~0-030440- -o. 737 SE° 4 0.0089 sciwtl;qlgﬂ;,,a;%gz?

' ' ST A L
,sgzm“o.szq-o.z44 sg; % -0.501 Ciﬁm.oT54lmwﬁm_:.éY
a . " ." | .

s 1 S -0-482Q-0.285 SR 4 -0,509 c 1. 0.0183 .

o : -

\ sgig 0.0275Q+0.718 - SU° 4 0.31 Sg.% 0.936

Q - ] e .
m -0.62Q+0.795 SG° n 0.46 S % 0.036
2 r A -

. C €y . ' oo
sggﬁ 0.586Q+0..239 sgg 2 0.511 SG;*.-o.ozls“s;ﬁ-fi

Q- . ‘ , | uo.; : | . \ Y ) g “.4“'3
KSg= 3.51Q St Kspo='0 T e

—_— L - - :' o
L Resistor R, is varied QO brigg one negdtive raal ig :

the response of the designed network is not affected K ,'gv'w»n.

in1t1a11y is malntaxned lawer than the designed valua to § ”‘?

- . Biement Spread"'-'g - 4
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b). Actual Values: -

792 2, = R, = 9.16K @8, Ry = 496 2

80,100 PF, C2 = 2q;700 PF,\%

5 = 98,500 PF

o

1 + 312/1914 = 1.3077

wo = 1574 Hz

3db frequencies, 1566 Hz and 1582 Hz L

LAT

10db frequencies, 1548 Hz and 1601 Hz

Realized Q = 98.4

¢

, Q and we. variations from their designed values are

A,
[ -

1.6% and 1.2% respectively. This is due to the 1% discrete B

passive elements used for the realjization. i )

‘ Power supply used was §1ov‘and‘¢15v. Also the
OA was placed in an oven and the temperatd‘e was controlled

. The response wds observed .and photographs taken at 22°C .-

kY

(room temperature) and 70°C for both the power supplies. No

appteciable change in the response was observed,. during the
(4

power supply or temperature variation. Thus\the experimental

)

/ ; . _
esults closely confirm the°t\foretica1 ones. Photographs.
A, .

of the response under various conditions afe given in Figure

'(}.8). In order to observe the effdct of temperature and‘pbwer~i
T

r

supply varlations-on the response, values as experimentellyf

'meaaured are plotted in Figure 3.8 between the th,io dab . go&nts

in the response.
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FREQUENCY RESPONSE OF BAND PASS FILTER NETWORK e
OF DECOMPOSITION I& (Q=100) -

FIGURE 3.8 ' ‘

a) .xlov, 22° c.

' %

» FIGURE 3.8

b). 15V, 22?5‘@7.
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a). . Rcalizatialﬁ»
A general L.P., T(s) is -

‘- ‘ T(s) = —E—ﬁl
D(s) :
where - " ' -
) bK = b v | - SR
and ' - N
csY¥=bq, . o e e
'a' and 'b' beinggarbitrary positive constants. . e

Dividing both the N(s) and D(s) of (3.25) by (st€;) and - .

comparing with the network of Figure (1.4), gives one of the K

. S
identifications as follows: ' ul
Y., = s2+(b-c+1/Q)s B ,' Q
. 1o stey ; (3.26a) . 1
s K
. Y - _CS ¢ 1 . ’ T
HE Ot sag : (3:360) L
LT - e cpm et R —H ‘,
y... = D/KS : ~ 3
' \ 12wy © o (3.26c) i,
PO . N , ) . ~~\ “
! -Y - . ' i MR

]

a : el
stey o . (3 26d) fﬁg;:f 5

The realization is shown in.Figure (3 9y for which the Lo
design equations.are - '

- (c:l-l)/c
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" network :¥‘Figure 3.2 , ;,"_ ; S Lo 3" ;‘%j¢f‘f@
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appreciably f’or 1arge variatioﬁsfin ER but it is high’lyw
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: ;\ K5S¢ = bKQ (3.34v)
. , . ,

L
A . . Vi
~< '

KSpe= 0% ' , (3.34w) ~

I; ‘can'be seeﬁ;bﬁce again, that Q-senéitiviéieé
wzth respect to passive elements are h1gh (of the order of QJ
This makes these netydtks su1tabld for implementation by
hybrid IC technology. ’ . -
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e). PreScription;and“Minimi;?tibn of 82 and GQ-SP:

i, i'ﬁ;;‘;\ . . F ' 4 ')”“ . 1‘ ' -
i J . -: * -~ _!'\7 S ._" . v > - " s >

. ™ " oOncé agdin the cloice of '¢; -is important as it

&fﬁecksrthe elémaht sp?ea&r the. values of b and DbK.

Flgure (o 10) 81vbs a famlly of curves giving capac1t£ke .

spread versus €, ‘for various véluesdbe b and 2c. From
. these curves 1;;15 p0551b1e to choose(}he vaLues of ‘1

&nd c for a given b 5nnd a ngen maximum capagltxve spread. -,

. Similarly it.ds: also possxble\td select values -of vhe, te'

.y
»

QV _and" € ~for awgzven vélué\pl GQ SP and.a maximum capacitive < -
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spredl. From these curves of Figure 3.10 it can-bd-bredicted,
that for a given max?mum'capacitive spread of . 5, least GQ- SP

obtalnable for thg network of Figure/3.9 would be 3.51Q
2.7
’
2.075%1/Q

approximately. For least GQ-SP, b = 2.7, K =

7.29
c = 0.625, bK = 5—57§;T76 arevthe approximately chosen values

while capacitive spread is 4.73, e; = 1.715.

@ .- For unrestricted element spréad'the plots of K and
bk agalnst b are the‘same as in Band Pass network c?ée and are
glven in Figure 3 S . Thus for the low pass neh/érk of F;gure

3.9 Theast GQ-SP (fgf unrestricted element spr;éd) obf;inablé

/

is abeut 3.075Q.

[

A . «&’

f). sStgbility:
7/

|

This netwOrk too. tends to become unstable because [

S

of the preseq;e of a negatlve term in D(s) and this shows up
{ .
in hlgh Q- sens1t1vxt1es w1tﬁ respect to pa551ve elements.,

Once’ agaln tgqtampllfler gain K which does not affect the

pdle frequency, maxﬂbe used to ensure the stability by using

o

a lower value of K ihan‘ihe designed value while the passive

-

elements chosen shall be close to the de51gn values. Later

on K may be adJusted to tune the CLTCUlt to the de51red Q.,

. g). Effect of the pole of OA on Q and wo:‘é! N -
PN N ' ' * . ,

3‘“3?‘ _Since D(s) of the Low Pass filter is unchanged from
that of the Band Pass filter, "the variation in Q an uoidue'

to the effect of the pole ofkbA remains unchanged for the -same

r 9

.
\l
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be reﬁd ﬁom ﬁlgu
(3 6) and.(S 7. . '*iﬂ" R N

values of b andwk.'*rhése arintians caﬁ; é ;

i

“ “ & } N s ) - v

h) ... Reaiization tor~§-100;m6;159232 -

. . . oL - 3
For b = 2,7, C = 0.625, K.« ygyiyym & 1.295
.and Q -“1op the realization for uwo,» 10,000 rad/sec’. .

and resistor f&tiQ'of 10,006 is .

C, = 56,818 PF ; | ~

12,193 PF . oo

(2]
»

a ) \

$5,600 PF

(2]
[

- s
-

©

1.1 Ka S . ~ .-

-~
"

[} s : c )
.16.0,K g ' c
s . .

\

~
]

-t

"862.6 @ o

=
L]

Sensitivities for D(s) are: - .

3 =270 N st ix o

" r " e o
s %1748 x107% 550 - 0 :

]

[}
»

s3 % 0.615Q - ‘s =0 S
.- Gq SR - 64 ~

o3 & -0.615Q o sea0



KSJ .= 3.4965Q \ KsPe = 0 .
. s : \ . ) - | -
:} : + Sensitivities for D;(s) are: - L
» » . \\ ' ) S
3 Q \ \\‘ . ' c 1 ‘
Lo - Wo - - -
. sy = 2,7 - J
Iy , '.\ 4 ' ‘ '
| ) €
s 2 -0.2264Q-0.679' SE° % 0.0664° S.ly -1.132
1 LS | 1
A \’ 4 . : o
s % 0.517Q-0.0224  S%° g -0.50% Sc-% 0.00358
2 v » 2 ) 2
K . . .38
sQ a4 -0.475Q-0.29 Wo o .0.509 S.lp 0.]43
Cy ¥ AR cg ¥ 77 Cq
. ' €
\ sd % 0.02108Q+0.725  SE° % 0.278  Sglw 0.936
‘ ; 1 1 : 1
N € .
: s % -0.6240+0.79 s%° % 0.47 | Sglm 0.653
2 2. . G2
' "y . € R *
3 & 0.585Q+0.243 58 % 0.511  s.'y -0.017
. 3 3 B3 ~
o ‘ L P
GQ-SP = KS = 3.4965Q Gu'*SP = KSE° = 0 5
- o i , .
Regiytor Rl shall be varied to bring one negative

feal axis pole close enqugﬁ io‘hegatiyq.real axis zero §d,t§§}
ndyeffggt is observed in the response of the network~iﬁ the
-frequency range oflintenest. K shall be mq}ﬁfai;ed below the
. - designed valuevso»asﬁgo assure stability yhilefstgrtipé, Nof o
l . b o P

W
w®
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K shall be adjusted to ﬁﬁtafn the desired 'Q.'

Dividing both N(s) and D(s) of pq. (3.41) by (s+e;) and
" |

N . E
<2 ‘e . . L

Element Spread: B - ]
. ' Capacitive: 4,73:1

fesistive : '18.57:1

a

Tr;nsfer Function Gain = 1.295 at.s = 0. :
-~ - \

'

* - a

3. 3.3 HIGH PASS FILTER NETWORK:

a). Realization: ) ; 5
) ‘A general H.P,, T(s) is .
T(s) = ND'?";'S - aks® . T ' 1
s Z , b.K)
ToosT rsbr 1Q - bRy rd (g g4
where _ \
bl. = b/K - \
and : ‘ '
S% o bQ : N ‘wr « \
and : ‘
'a' and 'b' are arbitrary positive constants. * . L &

comparing with the network- of Figure 1.4 gives one of 4‘l:he

identificdtions as follows: .' R

Y . b/K s +1° : BN
-11b '

[ S \

’
3
X

-,Y = b/Ks - . ' ! ‘

A

1 12b | . s +.;-e”1 ( ’ ‘: .‘“—' . ‘ | . Q.iéb) m;" :l : :4\:
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The network for *this

; X ;
S : R 1 (1, b/l( + 1/@13 ‘_w “
S Y220 = )
e ’ . r 8 €, ‘
N 122" T (3.364)
- 'ﬁ.‘ ’1 .
a =1 (3.36e)
and
- T(s) = Yo 1% ¢
s = -
g A (%L PIsé s o+ 143 - b K)J * 1

1dent1f1cat10n is shown in Figure (3. 11)

The design equations fgr it are: .
c~- b-b/K+1/Q .
b - bk - e +1/Q (3.37a)
v ) %
}‘Q} . C_= b‘b/K"’l/Q
Tl 2 el . (3 37b)
“ A -
. s ! .
¢ = I : : ;‘
b/K - 1 & (3.37c)
- "'IP‘T{‘ ' N -
RS -
y : v b - b/K -Je, H1/Q
L ‘ R. = 1 .
| le - b/ + 1/Qf (3.374)
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PIGORB 3. 12 . .

K AND bK VERSUS b PLOTS FOR b PILTER NETWORK oF nsceupqs:-.exgn ;
~ Ic, WITH'A mxfnuu CAPACITIVE SPREAD :OF xe‘:tvz._’;, ST




‘ oA \ _
TR (5.578)
a i . . o, ;
L v 0 . . K
. . #o = 1 ‘ 1 (3.378) '
P . . N
L) . ¢ + . . >
: | ol . ‘ s L9
o \b). Realizability Conditions: Yoo B - 3}
e T . ' ) N A ' R , T 3
. ‘ ‘ K/b. < g, . < b - b/K+ 1/Q ' (3.38)
c). Q--and we- Sensitivitie{lfor Second, Degree;D(si, v
) prescription and mif}‘imization of Sg and GQ-SP: , -
. B ’ o K ‘
- ‘ s¥ - bQ o . (3.39a)
¢ . ' W ® n .
N ) > . °
. ﬁ ‘ . ‘
S s . . S(£°-’ 0 ) . i (3o39b)
K ‘ ) ¥ “ .
: i 4 Q o : ‘ , “ ) ) ) ' . .
V KSE = KbQ | . . (3.39¢) .
N B | S L
°B K M ;‘ ,
| KSp°= 0 | - R ’53.39;1)
» - . . : .
L ' For a maximun capacitive spread of five, X and bk - .
3 R , . . .
.S - were plotted against b in Figure(i’:.lZ). Fromfhe‘ plots of
) ) Fzgure (3. 12) it is possible to say that for a 'maximum
| capacitive spread of five, least GQ-SP obtamable is about ‘
4.43Q and this occurs for b = 2,77-2.8 and K = 1.582-1 ‘6.' Lo

. =
From these plots it is, p0531b1e to obtain a realiza“tion“onc«ﬁ [ﬁﬁ"

either 83 Qr GQ SP is prescnbed for ‘a g1ven maximum@pac;ti’vc

'spread of £i ve. - ' : e T
P f 1‘ ' /" - o Cw ,
‘ ~ Once again for unrestncted element spread the plots
N i ’ ' '\? \0”‘
Y a . . & ok ’ -
o ! | \ - PO " '.. ‘ ' el ‘ ”ﬂv?
1 " - o ) A - 1 ‘\ 7. “&'\; = T oal ’;!;‘EC




. - - ~~f~¢?§Z.e\?;3

\\\\gro tAp saﬁe as in\Pignre\(s 6) LbWbr GQ SP 1s obtdinab&e

4 /

- for a ighar capaqitive apread. A

b, ' * L

.spread have already been, reported [12} in the litarature even’

though they ‘all use“coeff1C1ent matching technique for thex/(
' s - . L , , : R . ‘o " 7
realization. - : o . RPN - e

R .

- 3.3.4 NOTCH FILTER NETWORK: e : N
R . : . ' : \

©
-

From the low pass network shown' in Fignre (3.8) Iift"
ing the capacxtor C3 off the ground and connecting\it to the .

Input terminal gives the netiwork shown in Plgure (3 13). ‘\" i

N .
| . - B toN
» .

Ana1y51s giyes,. SR . w ’
N(s)- xclcz(sc +sc3+cs)+ xszc2 3(sc1+sl+sz) (3 4°a)

' . v \ R .
. -~ -
. - . \

n(si; SZCZC (sé'+cl+¢2)4§[c'c (SC‘*Giﬁﬁz)(lﬁx) ¢

\
v

i . ‘scz*scs*qsllﬂ91c (sC *scz*cs) (3 4ob)
J » . S ‘
\ ‘ The D(s; of this net“ork is exactly the stnh‘as in x
th¥\low pass'network 0ne~polelzero cifteikhtiénﬁwshall onéhx 5

. oo . A,\
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'NOTUH FILTER REALIZATION. POR




R bes) e she G/ (2 x)+szxcz+c3)/(c,csn o

) ~ . ‘ : e

o ' + 6,65 (C,*CACC,L) - '(3425) O

' o | : 2 e (e oy e R e T

I o Notch frequency =/ - 12 2.3 ) ’ o e

. o ' €1C465 o(3.48) T H

S ‘ This notch frequgncy is independent of‘the active : f;

. / Vot

parameter K and it has sensitivities with respact to.passive ) ;;

) elements lower than or equal to 1/2. . ‘ - | L

K ‘ ) Thts network has exactly the same’ denominator as .,

; 7 that of the L.P. network of Figure. (3.8) and for the same, el

- w . "‘,"

element values this shall have all the propertxes namely A

- realxzabllity cmnditzons, sensitivities, ga;n sensitivity . R

L products etc. of the low pass network and as such no. furthet tﬂl\é

T detailed dlscussion of this network 13'cOnsxdertﬂ‘neCstafx,|‘ g fjf

- : \ '('.‘ _ '\ . L S SN
DR 3.3.5 ALL PASS FILTER NETWORK: . .. :

. A general all pass T(s) is given. by

LR

- T@sl. ﬁ{_} 55&2 u,_Q,s &;gifLR‘ .

"N IQ s .0 ﬁ.\,‘

-,\\ ; } o ga[s *(b + 1/Q blesk‘ 1
LN o Au

e S )
. .
‘ i"\"":“ -+

“‘“\7(




= b/K

‘ 'a' and 'b' are arbit“rary'rposi?.ire: constarﬁtS. - S L 3
..{"z“ ¥ '. . . | s * ) . ‘). . o ‘yu.‘
o Dividihg both N(s) and D(s) of eq. (3.48) by (s + el) and. -]
L ' upon comparison with the network of Figure (1 4) gives the o
] dentlfication as: . ) ) ' - o
RS S L 2 . - . PR
e B v Als” - (b + 1/Q - bjK) s + 1] .
Z*L“f" : = 213 . s + ¢ ) - ._’(3.4"4a') s -‘,
TR , ~ . 1 : : T
ST R A
RS b/K s ' . K
“Yl b = p
" * s + el B ‘(3-44b)
AR ey e peyser L ¢ .
- Y224% Y11 " " "
LT R v (3.440) i
Three terminal network, Na, which realizes right h‘alf s-plane ﬂ
zeros, in general for high Q reahzations wouldl require SR ‘
B AP
--higher order -open circuit voltage. transfer ftmction for net- « ,’“,-;‘2
work Na thereby making the degree of D(s) lugher than }hree . ‘“;‘*"
and there\\oee this reahzation is not considored any further‘ o y;ﬁ;‘;
e - ,g?\
-~ ) . . ) ‘ oo . l - : '.:‘-’ ) .“ . ‘ :Cx,er
- CL w ,\" B ¢ a“_'v‘.j . n%ﬁ
'3 4 COMPARISON WITH OTHER NBTﬁORKS 8 GBNBRAL OOMN'PS' P

hJ - - 1\ -G e e o et -_..J,-....___._.m._“ [SURAS _....__L_._,__L ..

1n this chapter a fow network reeiizations have 3J

ese Have the following advantages oVet %he

(3

"ff“been given.

given %n the hte}ratute I8 ,,13]
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¢ _‘Q, ’-
a) A rigorous passive synthesis procedure hos been

adopted and no coefficient marching is to bo rosorted to ob;ain
f;x§lu' y - the realization. ' . O , K

e LT ' i b) sQ or ' Q-SP canbe prescribed or minimized. 3 :

?:ﬂ ) N c)L Realizable Q 13 almost indbpendentrof the - et

Ed
~' -

. element spread. . o0 C :

-
a

P
o~
Al

d) Band. Pass, Low Pass and Notch notworks realize
= . lower GQ- SP than the exxsting networks‘in the literature so

far to the best of the knowledge of the author. :

[4

Band Pass and Notch filter nétworks of decompositEOns

Ic and IIc upon comparison give the following..

Y

a) GQ- SP rea11zed for the networks belonging to .

i decomp031tion IIc is Q /6 for D(s) and this becom;% even

= * lower for D (s), while GQ-SP for the networks of decomposition
| X Ic, 15 3. SlQ Thus _GQ-SP:is lowgr;fnr.the_networks*o£w‘~+-~—~—.

e - e ew e e

’

o -decomposxtlon IIc. . ' 7 . . ,:ﬁ

L ‘ b). . Networks of decompositioa Ilc do not have any .:fg

S problems regarding the stability. . C T

PR -

[
§ '

- ) Networks of docompositlon Ic, if proper care is - =

exer;zsed at the time. of switching 01 for the first time have
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31 - S summRY AND »DISCUSSIONS e . E
:? : : \ This. thesis has discussed realizations of second ,
i}.\%' }order opér circuit voltagé transfgr functions by single '“
i ) : ' amplifier gcéive RC netrorksz These réalizations.ha&e been '\: _Lﬁ
?' ) obtained with prescribed sensitiyities‘}or Q or Qﬁ with A : \i
i respect to the amplifier gain and with minimized gain ' ‘
| l sensitivity product of Q or ”o;, Further the fﬁfment spread ’
‘ ’ ~-:'lnwthe resultlng networks has been constraxned to lie with- B
) - in acceptable limits.
L : ' ©

e . . Second order active, RC—filter networks have been-

i‘. classifled on the ba51s of possxble decomp051tions of the

3

denomlnator polgnomlals of their transfer funcﬁions.« l

,».' - Bounds~on‘Qr and Wy~ sen51t1vit1es with respect_to any né&x‘

. "work parametex,,namely, capac1tor, resistor or ‘the amplifier
- { 1 , >

gain, are bbtaimed for each decompositlon. Since usually :

v

variations in tq; aﬁplifxer gain are larger compdred .to the

varlations in péssive elements, only the problem prescrib~

ing the Q- or\“' sens;tivity with respect to the pl;fier o

\)

gain pas been c ;dered.. [ ' .

B
e
- N - ra
: Coa
o - ' P e
. Ry
. s - -, 2%
o

Chapter II discusses single amplifier Rc—filter e

»
networks using negativerfeedback DeCOmpositions Ia aﬁd Ib,-

where the active-parameter K appears in only oné of the ters

Bz or s° re8pa¢tive1§. are found unsuitable for Q- or’ Qo

14




N ) , ‘ |
iﬁy’: ' " be prescribed independentlx of Q. Decomposition IIa and ' {4 f‘
f? o {Eb, where the a¢tive parameter appears in only 82 and s'or -
8 and s® terms réspectiVely, are sultable for presctibing..
the Q-fSen91t1v1qy~only, since ju - sensitivity can not be }
's - . prescribed inde%endeﬁtly of Q. Iror these decomposxtlons Q-A\
. sensitivity can pe preseribed.to be zero, while 0, sensi-

| tivity remains vemy nearly equal to 1/2. Minimal capeqitor .
realization is obtained for deeomp051tion IXa. 'Amglifier i E

¥ gain required for the decomposltions Ia, Ib, IT4 and Ib is .

. highﬂ(of he order of Q ) end'thls.fact rendere\these f"f;* '
! . decompositions useful for low Q and'lcw-frequency applieaf ) ~e-u}
| tions only. . However, pass;ve sensitivitiés,are low for e i
nthese networks and thus they may be suitable for implementaé‘- -

tion thh d;screte elements. - ‘ . ..

L3 " .
- ’

Decomposxtiqn llc, where the active parameter K
appears in 52 and 8® terms only, ylelds hi&h Q reelizations
when ag- sehsirxvit? ie‘elther very 1ow: of'the.grdér‘of‘\T\\ i
1/2Q as in Low Pass and High Pass filters, or it is pres-
cribed to be zéro as in Band'Pass,lel Pass and Notch
filters. It is shown that a minimal caoacitor realxzation
is not possible for decompositicn Ilc sensitivities for all
the filter realizations belonging to thie decomposition are
high and therefore these are suitable for impleﬁentatiom.hy
hybrid 1c technology wﬁere the variation in @ end Wy dua to
the varlations in the passive elements fer éhanges in temperw @jfd?f

ature can be made zero 1n View of excellent tracking prqpatty

“
. s s . .)ﬁ
' FE
' L '
“« 0« [ . . .
e .- . .
> .
v .(
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v

e
\

2
1

3
.u—\




of the thin £ilm RC components., The. Q—sensitiivéy or . GQ«BP

for: these networks 'is minimized while the capacltive spmadf

is constraired to lie:within at most five. ﬂjphe BP, Notch -

»
L T—

R and AP° f:.?ter networks have been obtainea for 4 minimized“
,GQ-SP, of 0/6 while wo-sensitivity is prescribec} to be zero, SR

. . and LP and HP filtér networks have been obtained for a mini~

-

mized GQ-SP of 3.1Q and 3.86Q r;spec;ivelg while wo-"-senei;-
' tivity is of the order of 1/2Q. To the .author."s" knowle‘dge'.'

N the ®-SP's obtained are smaller than those of other nega- .,

. 0 )
.. N

tivé feedback single amplifier ner\tworks reported in the -

. 1
£ L' 4

’ , l.i.tTature 80 far. ' . s o . e

. . .
- '
. s . s
7~ . [} ’ .
“ - '
., .

. ' N ) ~ 0

4 . [ON - -

e -
‘

RO . Decomposition I1I, where. the active ‘parameter ’K

2

appears in all the three s , 8 and 8° terms, gi‘.Ves 8 high Q

S realization, v‘vhenl woésensitivity: i’s prescribed to be Zzexo. IR
However, ‘value of the amplifier q&:\x is higl;er in this . '

-

case| than that required in deocmpoaition IIc (which happens o

* to t# the optimuf), “and therefore this decompoaition . ‘- ,

o

" . reali}zes a lower for the same K and is not discussed .

' , 1

.  further. o . , . ‘f". \5,' AR

. . . ' . . T FEN

. r ‘ ’
L) . v

L, Chapter III discusses si\agle ampliﬂer networks

« ]

using positive feedback. Theme belong to the, decomposition T

N

o Ic, where the active ,pq"rameter appearp i,n gz, term only _i.n »&he. '

‘ .,second degree denominator polynomial of the transfer s

4

function. A synthesis procedure has beén used to obtaim I.bw
y
Pasa, H:lgh Pasa, Bamd Pass and Notch filtar ne‘t.wbxks

“(Fot 1;)":’,‘, ..:,’['}



" these networks wo-sen91tiv1ty is always zero, While Q—séhsi-

tivity or GQ~SP has be%n*minimized .qu Low Pass, Band Pass,

and Notch fllters GQ—SP s of 3.520 or 1ower along with

¢ \

maximum capacltlve(spread of five have been obtained. In .

view of the fact mhat the passive sensitiv1t;es are.high in . -

these reaLmzatlons, these networks should be‘lmplemented by ’

g : ' |
° hybrid IC'technology. e - o

. *

*

..Design -cu gé'bave,been'given for filter networks
: : y

corresponding to the decompositions IIc.and Ic. It is poss-

ible,from these design curves, to obtain’'the desired reali- o

P [y

zation ‘readily when either Q-sensitivity or GQ-SP is .

prescrlbed ox mlnlmlzed while ' W~ sen81t1v1ty is either zero v e

v

or very low. Mlnlmlzatlon of both Q- and wo- sensitivities

.. P
in turn mlnlmlzes the varlatlon in.the transfer functlcn

T(s). o ' ‘ _
J/ ' - , - I
Band Pass filters,'one each for decompositions IIa. :

(with 8 0), IIc ang Ic (with S -0), were studied for stab-

}%fn . ;1ity durlng achlvatlon and for the effect of the pole of : -,},~

o the OAV It is found that the netwotk belonging to decompos~ -

3L\~. frequenq“a§ above‘loo Hz ,even -fox low valués o

networ s cérresponding to the decompos:tions -ITc and ér%“'“**;{fw

relati e ly unaff/pted by the pole of\;he OA at the frequencies
consid¢réd (few 7 XHz). These networks (for Qa2, a§b.H2~

1 for de ompositxon Ila, and for inoo. m'-1592 Hz for decomw

e, @

e positi ns IIc and Ic) were built ueing discrate elem;hta aﬁd



¢

i tested 1n the laboratory at supply Q/ c., voltages of tlov and

115V and with the OA at témperatures of 0%., 22%. (room
tempé@rature) and 70 C. The test results confixrm the theore-
tical predict‘i'ons‘.' A

-

K : .

Thus this sfudy clearly establishesr' that high Q
gingle amplifier active RC networks can be realized in’ prac-
tice when f»irst order oo-sens:!.tivities with respect to ampli- . s
ﬁiei,f gain is pr“escr'ibEd to be zero » while sili:\ultaneously
reqhiring the Q—senéitivity or GQ-SP to be mi;nimum along wit

pacitive spread constrained to lie w:!.thinl‘ &cceptable

\ I >

1

»

Only the open circui.t voltage transfer functions
hav been considered and realized in this thes,i.s. But the~
sam procudure could ,be readily extenc;ed tq realize short
circuit current eransfer functions using the property of

network transpositien (40).

' -

The main effort of this thesis has beéh m the

P Qrea of single amplifier realz.zations. VA systematic study oﬁ

““multi~amplifier. realizations from the point of view of . tho

considerations discussed in this. thesis may be denirable.

PR

M
. )
;. ¥

Only f.irst or:der sensitiivty effect& hen{e been taken o 4

in}o account in this thesis. However, ‘higher ordef sen#itivi-

/7

ties may play @ significant ”xq::}gwin determininq t:he deviaticns

Au
Ag and/T and hence the overall pdrformmce of tlw ﬁlt-.dm
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. !! s - . ‘,i ¢ 5 L 9 4
! - - //‘ o L. ' e, f ¢ Cad e
X T { - A
o | Thxs suggeits ‘that. an attempt should be ma&e to realize aingle T
| ﬂ(ﬂ ‘ '-‘( :.:'";
. amplifler R¢~fi1ter networks when_ég‘or —~$ 13 prescribedQ oL
e f’"“ ) K . . 9’0 A X
fffwi ‘ P In the literature, othex figures of’ rit (41-43) ’

S , have also been defined in connection with active networks. It

@ « —

may be worthwhile to exploresthe poss;bility of: realizing

SR networks with one or more of these figures of merit -

-

:e ) prescribed. .

« & s

’ In chapter II, it is shown, ‘that, - for the same

“

T denominator polynomial, several Band. Pass, All Pass. and Notch s

e filter networks are possxble. This-means that a numbef<of j
. i . m
X , networks exist with the same prescribed value for sg or Sxo ﬂ

-
-

- : A
' and having the same optimized GSP.. Several other such net- - \‘
works may also be generated b§ using the principre of switchf |
ing of terminals (43) ,+(45).. It shall be interesting to - SN

examine the poss;bilitiés in this approach. g . _”‘ Sr

N ) .S

o - In coriclusion, the author hopes that, infvieweof B
' the importance of single amplifier active RC filtera, tha ‘_l; T
'ifﬁv ' results of the 1nVestigations carried out in thia thesis :l.~ﬂ;f

would prove useful to th\\filter designers.
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