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ABSTRACT

An active RLC synthesis 1is pnresented for transfier
functions conteining both real snd comnlex zeros in the
s-plane. The poles of the function are restricted
s-plane.
ntion 1s pald to the all-pass portion
ion. An unbalanced network repre-

c
requires a negative gyrator, is obtained
]

for an arbitrary all-nass function. This network is then
sut in cascade with another unbalanced network which

realizes the minimum-phase portion of the transfer function.
nus any transfer function is realizable in the form of

two cascade networks which are unbalanced.
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ACTIVE REALIZATION OF ALL-PASS
TRANSFER FUNCTIONS IN UNBALANCE

STRUCTURE



1. INTRCDUCTICHN

£ two-port is named Yeconstant-resistance® if its
drivirg-roint impredance is eoual to a corstant R when the
two-port 1s terminated in a resistance R. The symmetrical
lattice shown ir FIGURE 1.1 will be a constant-resistance

.
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FIGURE 1.1 Constent-Resistance Symmetrical
Lattice with Zazb:R2°

o

Because of this constant-resistance rrorerty, all
transfer functions of such a

vlicative constant. In this thesis 112 will be used %o represent

Qy
1
(@]
0]

any of those transfer functions. Under the constant-resist
condition the voltage transfer fuaction of the lattice in
FIGURE 1.1 is
" = - +7 7. T (]
Ty, = R(R-Z,)/(R¥Z,) (1)
Since R may teke on any rractical value, normalize

ecuation (1) with respect to R to obtein

Typ = \l»Za)/(l+aa) (2)

or, ' Za = (l‘le)/<l+T12)o ‘ (3)
To realize the transfer function sc 2 constant-resistance

lattice recuires that Za be a positive real function {(1}).:

“page 325,
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conditions imposed upon Ty, such that Z, is positive
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1. Tyo(s) hes no poles on the jw-axis.
§ ro

2. [yplaw)| =1

ve conditions can always be satisfied. rirstly,

-2
oy
o
4]
oy
O

~

ve must assume that the given transfer function has no

proles on the jw-axis. Secondly, we need only reduce the

gain corstant to satisfy the secord condition. It is,
e

s transfer function in

o)
[N
N

therefore, always rpossible to res
a symmetrical lattice.

This form of realizeation however, has several Gisad-

n

. The most obvious disadvantages are the need for

an excessive number of elements and the low gain constant.
Another undesirable festure of & symmetrical lattice is its
balanced nature. It may be possible to obtain an unbalanced
equivalent of the lattice in certain cases. This, however,

is rot always possible in the generzl case when only passive

elements are used. It maybe that active elements are recuired

to unbalance the gereral symmetriczsl lattice. If such an
unbalanced ecuivelent exists, it would be preferable to
establish realization rrocedures for obtaining, directly,

such an unbslanced structure.

Constant
Resistance
Two-Fort

i

TIGURE 1.2 Cascade of Constant-Resistance

Two-Forts.

b



The impedances thet form the lattice will become rela-
tively comnliceted for higher order transfer functions.

vercome. Consider a cascade
istance two-ports shown in

h two-port is seen to be terminated properly

a constant inyrut imredance., The result is that

2 over all retwork will be constant-resistance. Such a

network structure rroves to be very useful.

Let vs consider the decomrosition of a given trensfer
function ir the form
— H m n
T12 = TioaTiope--Tion- (&)
It is shown by Balebanian éﬁ%“that each comronent Ty,
can te rezlized &s & constsnt-resistance lattice., Thus the

cascade connection of these two~rorts will reslize the

given function to within aumulu1“11ccu1ve corstant.,

It has been shown {}4 that a norminimum-phase function

can be written as the product of a minimum-phase function and

an all-pass function. Thus, we can write
12(8) = Tiop(s)Tige(s) (5

) o~ m .'S Y : 4 Y -7} - f‘} 1 3 n - "i‘ s
where *l2m(s) a minimum-phase function and 120(s) is

an all-pass function.

12m Tﬁzo

FIGURE 1.3. Realizetion of Nonminimum-Phase

Transfer Function,
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The network realizing this functlion wiii'ta

2 caccaede cornnection of & mirnimume-nhase two=-rort and ar
U . - (1 > - e I = 3 N > v P ]
bWO—fOfta This retwork is shown in FIGUEE 1.3.

C
L T~ -~ v -
trhe minimum-vrhase

Let us now strict ourselves to Ul
function. In trhis class we shell inc’ude those which rave
zeros or the jw-axis as well as in the interior cf the Jeft-
half vlane. FEeslabtanian L1} nroves that any realizeble

a
ensfer function having no pocles on tre

T

rezlized as a constant-resistance ladder
i T e

e

general transfer function. 4 general all-pass fun
be written as the product of simpl st
order all-vass functions. The first- and se

«
rass furnctions can be written, respectively, as {(a,b,c>o0
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FIGURE 1., Realigzation of First-Order All
Function (a), snd Second-CUrder

¥

All-Fass Function (b)l.

1

211 elements are represented as lmpedances (henrys, ohms,
and farads) unless otherwise stated.

[

“Fages 331-33%.
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secorcG-order lattice can be unbalanced (with only pacsﬁve
ed that the element values satisfy certain

v

restrictions 414? These are as follows:
1. 1/2b = 2b/c. (&)
2. c¢/2bc =1, (9)

It is the rurrose of this thesis to obtalr an unbalanced
structure for botk the general first- and secornd-order all-
S e. This mey ther be extended to the realigation
1ll-rass lattice. It is shown that

e
I order all-pass lattice mey be unbalenced with tn
e

any nt s

aild of a szrgl negetive resister plus conventional passive
elements excluding trensformers. We car hencclaim to be able to
upsalarce ny transfer function that has orly roles in the

oven left-half s-plane . Furthermore, the prorosed rnetwork,

which is of constant-resistance =v-structure, can be erplied
to the reallzutlon of maximally flat delay networks or phase

correction neumprks £24 .
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2., REALIZATICN OF Nth ORK Ih UNBALANCED
Turn now to the problem of reslizing the generai nth

order ail-pass tion in an vunbalanced structure. The

following procedure will emrloy negative resgistors to obtain

G
C
of an all-pass function are the negatives of
h

a function can, therefore, be written as

ti

Tyog = (m-n)/(m+n) (1-n/m)/{(1+n/m) (10)

where m and n are, resrectively, the evep an nd odd parts of
a Hurwitz rolynomial. It is seen that the ab 0
function cen be reslized as a comstant-resistance lattice.

a
nce has the form Z, = n/m. Ire
r

The lsttice arm 1imrede
impedance 2, is therefore locsless. The general nth
order all-rass function is, therefore reslized as 2 lossless

ecuivalent of such a structure.

ove lattice will be

O_.

ecuivalent of the a
esistance <y-structure. Consider the

v-rarameters of a lettice neiwork.

Vi1 T 2 (Yp+Yy) (11)

=

vo, = z(Y, =Y ), , 12
712 ( b a) : , (12)
The acmittances, Yband Ya9 are defined in FIGURE 1.1.
Let us now rearrange the terms on the right-hand side of
equatiors (11) and (12).
"% z’,“’—a-,“éY ] | (13)
| L
b |
o || Y|y (14)
- 4 L -

e terms. Tach set of

R
Y11

i

Vi &1 ©
The brackets merely serve to grou h
brackets rerresents a component netwWori. The composit
network will be the parallel conrection of the three sub-

networks.




rrose is to show that sach of these sub-

U
ie of an unbslanced rature and that each 1s

effect has beern to obtain three simrlier

T
~d networks. The three sets of y-parametlers are
e

—
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e
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Vi1, = Y. = n/m

|

= %Y. = -n/2m (

e
-

i
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J1z2¢ a
The subnetworks rerresented by eouatil (
(1), (19), and (20) are shown in FIGURE 2.1.
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the Realization of
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—

r r T
the Nth Order All-Pass Function.

Note that ir F
Y= m/n and Y, = n/m.

o




8

urctions., The realizaoticon of

Z
Network (b)

netviorks | is straight forwara. K

is shown to contain the regative of a lossless driving-roint
function. The reaslization of network (b) is nevertheless
accomplished with the aild of a negative gyrator [see
Aprendix A)., Network (b) is shown in its final form in
FICURE 2.2,

I )
>
9
o i
. o .
FPIGURE 2.2 Rezlization of -3Y, .

The complete realization of the nth order all-pass function

is shown in FIGUKHE 2.3.
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FIGURE 2.3 Realizatiorn of the Nth Urder All-Psss

Function in Unbelsnced Structure.

Note that the clements represented by blocks in rIGURE
sare all physically realizable as lossless drivirg=-pcint
imredances. Therefore, this procdure 1s straight forward
regardless of the complexity of the given all-pass function.
inother interesting observation is that the general all-pass
function can be reslized in an unbalanced structure with The
sid of one negative resistor. The value of this negative

-
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<
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resistor may of course take on any practice



tantb-resistance w-rectwork

he comrlexity of this driving-point lmpedance increases
s the order of the &ll-rass furction is increased. To
overcome this drawback factor the general a2ll-rass function

gire the poles and zeros in an obvious
]

way. The recalization of the penersl all-pass network will
then be a cascede conrection of corstant-resistarce
+—r=networks which are in turrn the realizatiors of simnle

n

furnction

The branch impedance arm is found by comparing ecuation (21)

to eovation (2). The result is

Y. = a/s (22)

[+

and, 'v Yy = s/a. (23)

e refer now to ecuations (11) and (12) to obtain the

y-parameters of this first-order all-pass network. The

results are

v, = 2(s/eva/s) = l“s/a"i + {—a/?s? + [ a/2s] (24)
' !
yip = Hlefaafe) = Lo |+ | stza |+ | -e/s|. (23]
The aprrorriate decomrosition of the y-perameters has been

[
j@)

ie. The subnetworks represented by ecuatiors (2/) and (25)

are showr in FIGURE 3.1.
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FIGURF 5.1 Negetive Gyrator Network.

z = R + 1
-1/R + 1/(R+z+)
7z = -R%/z
A x/'_L
- 22
or, zy = ~i</z,
Refer now to the general nth order all-ps
in eocvetion (10). The following reletions

= -2/Y,

z 2/,
5 s ¥
.fb - ﬂ/m,

therelore, 7z = -2m/n
2

End? Zl = R /Z = R?ﬁ

int function. kence, Zq
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