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ABSTRAC’E In this paper, a detailed analysls of
properties of mixed lumped and dlstrl-
buted(MLD) Iossless network is first carried
out, from which the reason why the MLD network
can be used as an extreme impedance transformer
between source and load impedances without
using extreme impedance values in the network
M found. Then, the 10SSY transformation tec-
hniqueE1l, which can be employed for the
transformation between MLD Iossy or lossless
network and lumped Iossless one12131, is
discussed and com ared with the method deve-

?loped by Carlln 41. Finally, as an example,
one quarter-wave and two MLD Iossless broadband
impedance transformers are syntneslzed for
transforming extremely low Input or output
impedance of a superconducting device. to
500 microwave system and the 10SSY perfor-
mance of one of the MLD transformers is esti-
mated Dy means of the Iossy transformation
technique.

I. Introduction

With the rapid development of microwave integrated
circuits and wide applications of many new devices,
such as superconducting devlces[l-41, in micro-
wave region, a new problem of large impedance mis-
match occurs, which restricts the use of these new
devices in 500 microwave systems, for the input
and output Impedance levels of many of these de-
vices fzibricated with superconducting thin-film,
are usually very low. If the conventional methods,
such as Chebyshev approximation, are used, the
element values of the synthesized network may vary
wildly and are often difficult or even impossible
to be practically realized.

For purpose of illustration, the element values of
two four-step Chebyshev transformers having the
same impedance match ratio ana fractional bandwlath
are shown in Table 1[5~51, It may be found that
i) with the line length reducing from Am/4
to ,4m/16 for shortening the tSXHWfOPIIIeZ_’,

the element values vary from a range of about
5.58:1 to 10.54:1; li) in our particular case,
matching a superconciuctlng thin-film deViCe having
extremely low input and outPut impedances, wlIict2
are +yplcally 2Q, w>II result extremely low
element values m both transformers, i.e., the

lowest element Values-ln both transformers will be

2.6784 and 1,948!2, respectively, which are
unacceptable in a microstrlp structure. A simple
way to solve this problem IS to convert all the
lower impedance llnes into capacltors[71 or
Into open-circuited stubs[81 Nevertheless,
these methods and others[9,i01 are Iimlted to
certain special cases and no general method has
been found which could explaln why MLD network are
superior to lumped or distributed network m cer-
tain cases, such as m solving the problem of large
impedance mismatch in higher frequency region, and
could handle the synthesis and/or design of a gene-
ralized MLD network,

II The Properties of Mixed Lumped
and Distributed elements

Before cietalled description of our method, a dlfl-
nltion is presented first,

Definition: Any lossY or Iossless 2-port network,
if it is passive, reciprocal and symmetric, wIH be
denoted as a building block(BB).

By carefully considering the theorem 1 in [ii] and
the discussions on symmetric 2-port network and
generalized unit elements(UEs) in [12,! 3], it
can be found that a BB may be looked as a length of
transmission line.

Theorem Any BB, if its short- and open-circuited
impedances, zi and z2, exist, will be equi-
valent to a UE with lts characteristic impedance
written as

Zo, b(s)=~zf (S) ZZ(S) (la)

and the propagation constant as

yb(s)=tti-l(~)/lb (lb)

where

A#zl(s)/z2(s) (2)

may be defined as a new frequency variable, and the
real positive constant, lb, as the equivalent
line length of the BB.
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In order to achieve the general properties of a BB,
the BB shown In Flg.l(a) is analyzed m detail
without 10SS of generality. It IS evident m terms
of the theorem that the BB can be looKed as a UE
shown in Flg.l(b) and ltS Zo,b and A as
defined in (1) and (2) are given as

Zo, b=Zo(s)[i+2y(s) Zo(s)/L(S) +[y(S)Zo(S)]2] -1/2
(3a)

A:[i+[lJ2(s)-1]/[i+Y(s)zo(s)~(s) ]2}1/2
(3b)

W1th

I.utanh[y(s) 1] (4a)

and the characteristic unpedance of the Ilne In the
m being

zo:zo, t!5(s) (4b)

as defined m [14], where the real posltlve multlp-
llcatlve constant, Zo,t, of the frequncy-depen-
dent part, 6, of the Z. ~s the static
Characterlstlc Impedance of the line, y and 1
are the propagation constant and the length of the
Ilne, respectively.

Y(S)= CYC(S) (5)

IS the shunt admittance of a 10SSY or lossless
capacitor with C being the capacitance and Yc,
the frequency-dependent part of Y as described in
[15] at either end of the line.

If the BB is used as an element in a superconduc-
ting thin-film transformer, It may be assumed to be
Iossless approximately with Z. reducing to

Zo,tl y(s) to s/cvp and Yc to s,
respectively, where Cvp is the veloclty of the
propagation on the Ilne and .s:j~.

Then, some lnterestmg properties of the BB may be
found. U Proper choice of the eC (equal to
Zo,tc) Will result in Zo,b being a purely
real or lmagmary function of the real angular
frequency w, il) If Zo,b is within real
Positive region, its value, greater or less than
that of Zo,t over the band of Interest, will
depend on the value of EC chosen. iii)
Similar to Zo,b, )$ iS alSO purely real Or

imaginary function of w. The region of i
being purely real corresponds exactly to that of
Zo,b being purely imaginary. The reverse is
also true.

For commonly used eight BBs displayed in Flg.2,
several regions Of ei (i=L, C, sh, and op)

are classfied , which COI’I’eSpOnd to
‘o,D being Lmaglnary (or A Being real),
Zo, b<zo, t and Zo. b>zo, t (or A
being real), respectively.

It 1s clear to see from the Table 2(a) that for a
fixed ~i, each BB can be refered to as a
Iossless UE m a certain frequency region. Thus,
Richards’ correspondence may be employed to treat
the synthesis of a MLD commensurate Ilne networK
consisting of these BBs as was done by

Carlm[131 On the other hand, the difficulty
In reahzmg extremely low or high llne Impedances
m a d~tr~uted transformer as mentioned above may
be solved by two alternatives. One 1s to PePlaCe
the hnes having extremely low impedances by cer-
tain BBs shown m Flg.2 and by proper choice of
~1, for the characteristic impedance,
Zo,b, of a BB may be made as low as the that of
original Ilne, while the llne impedance, Zo,t,
m the BB N still realizable. For instance, the
line having extremely low impedance, Z2 given
In Table 1, may be replaceci approximately by the BB
shown in Flg.2(D) with Zo,b being still equal
to 22 at certre frequency fm(fm=l OGHz),
while Zot may be made to be 10Q by Iettmg
C=7,9289P+. The otner 1s to convert the lines
having extremely high impedances mto serles-mduc-
tors or series- and short-circuited stubs, and
extremely low impedances mto shunt-capacitors or
shunt- and open-circuited stubs, For instance, the
line 22 may be converted into a shunt-capacitor
at the Centre frequency with the capacitance be
equal to 12.83PF, approximately,

Of course, these two substitutions may result in
the insertion loss of the transformer deviating
from the orlglnal one a Ilttle bit at fm and a
great deal over a wider band. Though this problem
may be solved by an optimization routine, two
design steps will be required, Therefore, it 1s
desired that a general method can be found for
synthesizing a generalized MLD networK,

It is known from the above ciiscusslon that a MLD
commensurate Ilne network N, If composed of
Iossless BBs, may be synthesized by applying the
method introduced by Carlin[i31 for design of
filters with Iumped-distributed eIements, m w~ich
the scattering matrix elements,
(1,Jz1,2) of the N normalized to the freque~i$;
dependent paPt of Zo,b, which is defined by

~b(s) =Zo, @o, bt (6)

are employed, , In (6), Zo,bt 1s the reaI posi-
tive multiplicative constant and known as the
Static characteristic impedance of a BB In the
A domain,

However, It should be noticed that when and only
when Zo,b 1s real, which correspon~s to k
being imagmary, the transducer power galn(TPG) of
a impedance transforming system as ShOWn m Flg,3
will keep unchanged before and after the normaliza-
tion of the scatering matrix of the networli N, If
z~,b 1s complex, which occurs when the BBs are
lossless but the A is within the real region as
snown in Table 2(a), or the BBs have losses, then
lt can be verlfled easily that normalization to the
6b (SIMply called complex norrnal~~at~on)

w1lI result in the TPG calculated from the norma-
lized scattering parameters being in the wrong. The
reason 1s due to the source and load impedances,
ZG and ZL, which w1ll change the ratios
between their real and imagmary parts after the
complex normalization.Therefore, the method[i31
1s only suitable for synthesis of MLD Iossless N in
a certain real frequency range, and will fall lf
the N is complex normalized,
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Nevertheless, lt us easy to see that after the
complex normahzation, the BBs and the short- and
open-clrculted “stubs” m a MLD Iossy or Iossless N
will become their corresponding “lumped” Iossless
UES, Iossless l~cluctors and capacitors in the A
domain and SI,J WII1 have a general expres-
sions written as

h(~) hl+h2A+h3A2+. . . +I_@n-l+&+l An
A)=—: (Ta)

f?(A) g1+g2A+g3A2+, , .+gnAn-l+gn+lAn

A)=~21(A)=(+/-)f(A)/g(A). (+/-)A%l-A2)~2/g(A)
(7b)

A)=(-l)K+lh(-A) /g(A) (7C)

where hl and gl, (1=1,2,.,., n+l) are the
real coefficients of the numerator and denominator
polynomials, h(A) and g(A), of :J~;
f(A) is the numerator polynomial of s12
with the order k of the first term being the number
of hlghpass stubs and the order m of the second
term lxmg the number of UES.

By an app~opriate renormalization of the scattering
matrix S to a real positive 1(2 resistor
(simply called complex renormalization), the unit
normalized scattering matrix S of the network N can
then be found from ~, via

S=[6b(I+~)-(1-#) ][db(I+i%+(I-~)]-l (8)

where I 1s the identity matrix. Thus, the TPG of
thelmpeclance transforming system can becomputeci
byS, the source and the load impedances In terms
of the expression defined by [15] and an OPtlmal
performance can be approached by an optimization
routine with the hl as variables.

An interesting thing can be easily found in compa-
rison with the 10SSY transformation formula (lib)
In [15] that equation (8) can also be obtained by
replacing ~ in (iib) by bb
Hence, it can be said that the 10SSYtransformation
can be considered not only as a kind of mapping
between the unit normalized scattering matrices of
the Nin the real frequency domain and a~upposed
corresponding lumped lossless network N in the
A domain as described in [15] and [11], but
also as the complex normalization and renormaliza-
tion of the scattering matrix of the N from the
view point of normalization.

111, Design Examples

As a demostratlon of the new synthesis approach
mentioned above, several broadband Impedance
transformers between an extremely low input or
output impedance of a superconducting device and a
50fl microwave SYStem over the band of 6 to
15GHz 1s synthesized. Their topologies are
displayed in Fig.4(a), (b), and (c) with the
element values being given in Table2. It can be
found from the TPGs shown lnFlg.5 and Obtained DY
[9] for transforming the same impedance matching
ratio that even if tne TPG of the Am/16
transformer is smaller than that of t~e qUarter-
wave transformer, it is better than -L5dB achieved
by [91. The main advantage of the Am/16

transformer LS that lts lowest line impedance 1s
about three times as large as that of the quarter-
wave transformer, which WIII be more easy to be
practically reallzed, Besides, the former is much
shorter in length, so that the chip area wII1 be
greatly saved for integration.

Since the size of the three-steP Amlle
transformer ~qulte small m comparison with that
of the three-step quarter-wave transformer, a four-
step Am/16 transformer displayed in
Flg.4(c) is then synthesized. It can be seen from
Fig,6 that its lossless TPG is as small as that of
the three-step quarter-wave transformer, while its
lowest line impedance is about twice as that of the
later.

Finally, the 10SSY performance of the four-step
Am/16 transformer 1s estimated under the
assum~on that the elements in the transformer are
not the ideal superconducting ones wltRQL and QC
being the conductor and dielectric losses of the
transmission llnes and Qc and Qd being the corres-
ponding losses of the capacitors as defined in
[11].

In conclusion, our method can handle the synthesis
of MLD Iossy or Iossless networks not only for
impedance transforming, but also fOr filtering,
double broadband matching, and so on.

Helpful discussions with Prof. YunYl Wang are
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Fig.3 Impedance transforming system
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Fig. + (a) We-step quarter-wave transformer; (b) mre.s.step ~~6
transfomen (c) Four-stcP L#6 transfom?w
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TabI e 1 Elemnt values of the transfonm?rs
provldlng sn iopedance match between resistances i
and 10Q and fractional bandwidth El+=l

Transformer GMarter-wave short-stub
Line
impedance

‘f 1. 3392Q 5, 24’85Q

Z2 2. 284(X) 0. 97’40Q

Z3 4. 3783!2 iO, 266%2

‘4 7.46710 i. 90532

Table2 21M elmmnt values of W tran.sfornms in Fis,4

Parem3ter

%,U (Q) 3.770 11.044 7.747

%,t?(Q) 10.028 27.366 16.637

%,t3 (Q) 26.504 63.080 39<514

%,t4 (Q) 7?. 834

m
.5+ I

4 ‘--
distributed transformer

I

-2 - -— MLD transformer
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Frequency GHz
Flg.5 me TFGs of the two tlWee-SteP tr~fO~rs
in Fig. 4(a) and (b)
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Fig.6 The lossless anti IOSSYTFGS of the transfor-
mer in Fig. 4(c)


