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ABSTRACT
An impedance step can now be matched - ['0,02-
over a frequency band corresponding to at least
an octave in wavelength by using a shunt induc-
tor before and -capacitor behind, but almost
a quarterwavelength apart.
A shortened quarterwave inpedance transformer
could be matched with the shunt capacitor only.
For high transformer ratios,part of a taper
was used.
Ultra-short X-band transformers and-transducers
could be realized from rectangular w.g.to flat-
square-,circular-, ridge w.g,finline and part-
ly or fully dielectric-filled w.g.
Although realized in X-band w.g.,its orincinle
is very general and can be applied to any do-
minant-mode transmission line.

INTRODUCTION

Up to now an impedance step
lar one, a quarter wavelength
a quarterwave transformer,but

is matched by a simi-
apart.These two form
matched at one fre-

quency only. Over a waveguide band the reflection

ig reduced to about half the reflection of one lar-

ge step,so still rather high. This can be reduced
by using more, but smaller steps, separated by a
quarter wavelength: a multistep transformer.
Making the step infinitely small,we end up with a
taper, Many efforts have been made to optimize the
transformer as well as the taper. However,usually
they become rather long, even for an octave-wide
match.

Jow it will be shown how the basic discontinuity -

the step - can be matched using a shunt inductance
and - capacitance,

An impedance transformer - a double step - can be
matched in a similar way even without using the
shunt inductor.

Although developed in waveguide, the method can
be applied to all types of dominant-mode transmis-
sionlines.

Mode transducers always have an impedance trans-
former built in, so these can “e made very short
as well.
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A varallel-plane transmissionline step with its
reflectioncoefficients [, and I and t.l.equiva-
lent [1,2] is given in Figz. la
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Fig.l a Step with equivalent circuit

At very low frequencies,where the discontirnuity
capacitance hardly plays a role, I . =I, (I) for
nlane A. For microwaves this no longer holds,the
higher_order modes penetralte deeper in the high-
impedance guilde than in the low one, even over a
wavegulde band, It can ve shown -by theory and ex-
periment-that a plane P can be found, for which

(I) nolds again. By definition we will call this
the reference plane of the discontinuity. Its po-
sition depends on JSb and w,being very important
for fullband matching and carn easily be measured.
(see fig. 1b)
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Fig. 1 b Position of reference plane

If P = nA,/2 no reflection occurs at fo
Resonance for AB at f; if AB=nNj/p.Then f =T,
gives AP. (AB as a loosely coupled resonatork

The influence of jB on the magnitude of I'is ne-
gligeable.

For small stevs,the reflection coefficient is al-
most real,so can never be compensated by a shunt
inductor, -capacitor or a series one . These give
an almost imaginary reflection, so at A/8 away
from the refsrence plane it is possible to match.
This is very frequency dependant,unless we apply
this principle from both sides,starting from re-
flections with opposite sign.
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MATCHING ELEMENTS FOR A STEP

A combination of matching elements, formed by a
shunt capacitor and -inductor, separated by a quar-
terwave transmission line has an almost constant
reflection over the band and a reference plane
almost halfway. This will be shown in a simple
way,making approximations, justified by the experi-
ment.Multiple reflections will be neglected,being
rather small. For the reflection of a shunt induc-
tor and -capacitor on a matched loaded transmission
line, we then have :
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Tig.2 a. Zguivalent circuits

12 GHz FLC'_IB"IE:L

d= % [1+5];dc=%[1-5]

b. freq,curves c. combination of m.e.

lIU:IIé.:A for wo SO with %:HE we may write.

°
I;_:iA(l—e) and I&————iA(“G)

The matching combination has the vectorial sum of
both reflectioans, transferred to its reference
plane P (sez fig. 2e): I or Iel_coming from
the other =ide, for which holds: FCL:'FLC
This condition is fulfilled for :

-6:taan tanéﬁd

I} =-2AsinBd_

LC

cos56d
For Wq €=0 so 6=0 and the total re-
flection is located just halfway L and C.

ILC has its smallest variation over the band of
max. 13 % if the quarterwave is chosen at 10 GHz.
This can easily be corrected by a small frequency
dependency of L and C. S varies from 0.1 at 8.2
3Hz via O to 0.07 at 12 GiHz.

The maximum shift of the reference plane P becones
0.5 dd=+ 0.5 mm, similar to the shift of the refe-
rence plane of the step. Similar performance can
be obtained by using series matching elements in-
stead of shunt ones,however,the series capacitor

is not attractive for waveguide.

Then Ilcis real and becomes:

FULL - BAND MATCHEZD STEPS

Excellent identical reflection-in magnitude as
well as in phase - was measured over the band for
the M.E.combination compared witih the step for
[T|=0.1- 0.2 - 0.3 - 0.4 and 0.5.
Die to minor interaction we had to change the di-
mensions of these elements only slightly for mat-
ching. For L and C we used comtinuously variable
inductive - and capacitive diaphragms, but also
pins could be used, therefore we will only give
the positions of L and C in a full-band matched
step (see fig. 3)
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Fig.3 F.B.:l.Steo

BC<d due to cap.loading
by the step
C on lower side to prevent H.M.interaction

Avove I'= 0.5 it becomes difficult to match, pro-
bably because AP becomes less frequency dependant.
(see fig. 1b) Therefore we have developed another
solution *to be treated in the next chapter.

Steps have been matched already this way in other
transmissionlines like ridge w.g.and finline,

Yot only steps wetween identical transmissionlines
- usually called impedance transformers - but also
between non-identical ones - modetransducers - ha-
ve been matched. They often behave similar if the
node patterns are not too different. Ultra-short
transducers from rectangular w.g. to other w.g.'s
as circular, ridge, fully and partly dielectric
£illed as well as to finline have been realized.
(ses fiz. 4)
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Fig. 4 Step modetransducers for rect.w.g.
(dim. in ma)



THE QUARTERWAVE IMPEDANCE TRANSFORMER

Impedance ratios more than three become rather
difficult to match in one step and a less critical
design might be preferred to minimum length.A doub-
le step proves easier to match, even without a
shunt inductor, so more suitable for planar circui-
try.For the steps we may write:

L=It-7) andE_F(1+7) ssee Fig. 5a.dere we ap-
Drox1ma+e in a 81m11ar way as before.,riting :

PR_—(1+6) and QR=9¢-8) can easily show that
the p031tlon of the r%ference plane ® for I} -the
vectorial sum of I; and I; - is determined by

tan6B3d=YtanBd  and for I we obtain:
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a. Steps A and B with their
ref.planes P and Q

Fig.5. 7.B.M.double step

Dim.of double
step with posi-
tion of

b,

M.E,

For d::kg/A, I} becomes zero and changes sign
around the corresponding frequency.This well-known
behaviour of a quarterwave transformer is diffi-
cult to match.Therefore we shift this point just
above Wyax S0 that I} becomes a monotonous func-
tion of frequency in our band. For identical steps

¥=0, so 6=0. R is just halfway PQ. Its frequency
dependency comes from the positicns of P and Q.
For higher frequencies R moves towards B,because
b>b1 ;80 BQ>AP, see Fig. 1b.

For different steps R moves towards the highest re-
flection,because ¥ and @ have the same sign.Making
I‘:>I; moves X towards B for higher frequencies as
well. This way it proved possible to find a plane

¢ for which RC is Ag/8 for almost the whole w.g.
band,so we can match if capacitor Cp has the right
frequency curve for its reflection. [3 4]

In Fig. 5b several double steps are given which

are matched this way.

For modetransducers it is preferable to chose
section AB to fit both modes.In the rect.- to
circular w.g. transducer (See Fig. 4a)the section
with the fins forms a finline in circular w.g.and
a shunt inductance is sufficient for matching.
Fig., 4d can be fullband matched without the induc-
tance if a shortened quarterwave section is used
in a similar way instead of a normal one [5] and
matched with a double capacitor C [3]

So it is evident that by the risght choice of AB
either L or C can be omitted.
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A QUARTERJAVE TAPER

A very frequency dependent position of the refe-
rence plane R can be obtained if AB is non-uniform,
Ainhomogeneous or even both. A constant-radius ta-
per (see Fig. 6a), easy to be realized, can be
seen as a multistep transformer with closely spa-
ced steps. Their reflections cancel in proportion
with increasing frequency and accordingly R moves
towards B, especially if the taper is truncated,
(see Fig. 6b) This is needed for full-band mat-
ching with only a capacitance Cp or ianductance L.

A tangential transition of the taper at A pre-
vents reflection, so is very practical for going
to low impedances [4]
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Fig., 6

a)A constant-radius tapar b)Freq.curves of c.2.

taper
Going to a high-impedance w.g., non-evanescent
higher-order modes might be excited at the sligh-
test asymmetry: M.E.'s must be prevented, so we
prefer just a shunt inductance.For planar t.l.the
higher mode risk is just at the low impedance side,
so fortunately we are able to match without the
shunt inductance [3] .The combination of taper and
steps - a truncated taper - has a great matching
flexibility as will be shown in the following
examples. (See Fig. 7)

a)Rect. — flat WegZe b)Rect, — square w.g.
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Fig. 7 F.B.M.const.radius tapered transitions



COJCLUSION

An impedance step corresponds to a real reflec-
nagnitude

tioncoefficient with an almost constant
vs.frequency.

The standard matching elements,being reactive,
have almost imaginary reflectioncoefficients with
a frequency dependent magnitude.

It has now been shown that a simple combination
of a shunt inductor and - capacitor can have a
reflectioncoefficient identical to the one of an
impedance step and it can be used for matching.
If the asymmetrical discontinuity has a rather
frequency dependent reference plane, use can be
made of just one matching element one eighth of a
wavelength anart.

A single step and a constant radius taper offer
excellent possibilities for full-band matching.
Almost ideal transitions can now be made ultra
short, This reduces losses and allows for minia-
turisation.,
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