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ABSTRACT

An impedance step can now be matched -r<0.02-

ove~ a frequency band corresponding to at least

an octave in wavelen@ by using a shunt induc-

tor before and -capacitor behind, but almost

a quarterwavelength apart.
A shortened quarterwave impedance transformer

could be matched with the shunt capacitor only.

For high transformer ratios,part of a taper
T,ras 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-hand w.g. ,its principle

is very general and can be applied to any do-

minant-mode transmission line.

Engineering, 13ath-Avon

INTRO9UCTION

Up to now an impedance step is matched by a simi-

lar one, a quarter Waveleilgtifl apart.These two form
a quarterwave transformer,but matched at one fre-

quency only. Over a waveguide band the reflection

is 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.
!4aking the step infinitely srnall,we end up with a

taper. llany efforts have ‘been made to optimize the

tr~nsformer as well as the taper. However,usually
they become rather long, even for an octave-wide

match.
low it will be shown how the basic discontinuity -

t’ne step - can be matched usin~ a shunt inductance

and - capacitance.

An impedance transformer - a double step - can be

matched in a similar way even without using the

sh+mt 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 oarallel-pla:le transmissionline

re~lectioncoefficients

lent [1.,2] is given in
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Y; Y.
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A-A

*quivale2t circuit

At very 10T,{ frequencies,where the discontinuity

capacitance hardly plays a rOb,-ll=r+ (1) for

plane A. For microwaves this no longer tlolds,the
hi~her_order modes penetrate dee~e~ in t]le high-

irrpedance guide than in the low one, even over a

waveguide ban5. It can ‘be shown -by theory and ex-
periment-khat a plane P can be found, for which

(I) holds again. By definition we will call this

the reference ~lane of the discontinuity. Its po-

sition depends on r,b and. Cd,being very important
for fullband matching and can easily be measured.

(see fig. lb)
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Fig. 1 b Position of reference plane

If Pa= nioj2 no

3.esonance for M at

gives AP. (AB as

The influence of j3

gligeable.
For small steps,the

reflection occurs at f.

f, if AB=n&/2.Then fl-fo
a loosely coupled reso:lator).

On the magnitude of ris ne-

reflec-bion 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 ~18 away

from the reference plane it is possible to match.
This is very frequency dependa~t,unless we apply
this principle from - sides,starting from re-
flections with opposite sign.
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MATCHING XLEMZNTS FOR A STEP FLTLL - 3AND ;1ATC3ED STEPS

A combination of matching elements, formed by a

shunt capacitor and -inductor, eeparated by a quar.
terwave transmission line has an almost constant
reflection over the ‘sand and a reference plane

almost halfway. This will be Shoi.m in a simple
way,making approximations,justified by the experi-

ment.Iiultiple reflections will be neglected,being
rather small. For the reflection of a shunt induc-

tor and -capacitor on a matched loaded t~ansmission

line, we then have :

?ig. Z a. Equivalent ci?cuits

D2ArLl IIJ

A

8 co. 12 GHz

dL-#+~l;dc=S$l-6]

b. freq,curvss c. com’oinatio:l of n.e.

lrLk/rc]=A for LOO.0 with $j=l+~ we IW ~tit~

~=jA(l-e) and rc=.jA(l+e)O

Tle matching co~binatio:l has the vectorial sua of

both reflectio:ls, transferred to its reference
- P (se= fig. 2e): rLc or rcL coming from

the other sicle, for which holds: rcL=-rLc
This condition is fulfilled for :

-f=tan@dtan6@d

Then rLcis real and becomes:

rLc=-2A5!!@
COS h~d

For ~o 6=0 so 6=0 and klhe total re-
flection is located just :halfl~ay L and C.

[rLCl hasi~S.llaliest variation over t??e band of

max. 13 z if the quarterwave is chosen at 10 G5z.

This can easily be corrected by a snail frequency

dependency of L and C. tivaries froa O.lat 8.2
2!Iz via Cl to 0.07 at 12 G3z.
The zaximum shift of the refe~ence pleme P beco~es
0.5 ~d=+ 0.5 mm, similar to the shift of the refe-
rence plane of the step. Similar performance can

‘oe obtained by u,slng series matci,in~ elements ins-

tead of shunt ones,i~ovever,the series c=pacitor

is not attractive for uaveguide.

Excellent identical reflection-in magnitude as

well as ifi phase - was measured over tine band for

the !i.lZ.combi~ation compared with the step for

(rl= 0.1- oi2 -0.3 -0.4 and 0.5.
Lhle to ninor interaction we had to change tine di-

mensions of these elements only slightly for mat-

ching. For L and C we used codcinuously variable

inductive - and capacitive diaphragms, but also

pins could be used, therefore we will only give
the yositiolls of L and C in a full-band matched

step (see fig. 3)
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Fig.3 F.B.H.Step IK<d due to cap.loa~i~~

’37 tl~e step

C on lower side to prevent 1{.M.interactioi~

.~l~o~.e r= O.j it becomes difficult to natch, pz-o-

bably because AP becones less frequency dependant.

(see fig. lb) Therefore we have developed another

solution to be treated in the next chapter.
Steps heve been matched already this way in other
transmissionlines like ridge w.~.and finline.

lot only steps ‘~etween identical transmissionlines

lusually called impedance transformers - but also

‘oetb,een non-identical ones - nodetransducers - ha-

ve been matched. They oftsn bekave similar if the

node patterns are not too different. Ultra-sliort

transducers f’rox rectangular w.?. to other W.g.ts

as circular, ridge, fully and partly dielectric

filled as well as to finline have been realized.

(see fig. L)

a) .Wct. + circ. w.g. ‘c) rect. + d.r. ~w..3.
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THE QUAFITERVAVE Ii4PEDANCE 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 tine steps we may write:

~=~o(l-~) and~=ro(l+~),see Fig. 5a.3ere we ap-
proximate in a similar way as before.;lriting :

PR=~(l+6)and QR=~(l-c$) can easily show that
~the position of the r ference plane 3 for rt -the

vectorial sum of rl and r2 - is determined by

tand~d=~tan~d and for rt we obtain:

A BC

b
b. EEEl

b. b, AB BC

78 6.5 4.0

6 7.2 3.5

5 6.7 6 4.5

3.3 5.5 3.5

bs10.15 mm

a. Ste~s .l and 3 ~with thsir b. Dim.of dou”ole

ref.planes P a~d Q. step with posi-

Fig.5. 7.B.M.double step
tion of :,1.3.

For d=~g/& rt becomes zero and changes sign

around the corresponding frequency.This ~,iell-known

‘oehaviour of a quarterwave transformer is diffi-

cult to match.Therefore we shift this point just

above Umax so that rt becomes a monotonous func-

tion of frequency in our band. For identical steps

‘Y=O, S06=0. R is just halfway W. Its frequency
dependency comes from the positions of P and Q.

For higher frequencies R moves towards 13,because
b>bl ,SO BQ>AP, see Fig. lb.

For different steps R moves towards the highest re-

flection,because ‘Y and 6 have the same sign.!laking

~>~ moves 3 towards B for higher frequencies as
~,rell. This way it proved possible to find a plane

C for which RC is ~g/8 for almost the whole w.g.

band,so we can match if capacitor Cp has tile right

frequency curve for its reflection. [3,4]
In Fig. jb 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. La)the sectium
with the fins forms a finline in circular w.g.and

a shunt inductance is sufficient for matching.
Fig. ~d can be fullband matched without the induc-

tance if a shortened quarteruave 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 right choice of AB

either L or C can be omitted.

A QUARTEFWAVE TAPER

A very frequency dependent position of the refe.
rence plane 3 can be obtained if AB is non-uniform,

&homogeneous or even both. A constant-radius ta-

per (see Fig. 6a), easy to be realized, can be
seen as a multiste? transformer with cloeely spa-

ced steps. Their reflections cancel in proportion
with increasin? 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 inductance L.
A tangential transition of the taper at A pre-

vents reflection, so is very practical for going

to low impedances [4]

DA R B C

1>

~r,=___W?

%.t~+steps

b ‘\
taper

8 12 GHz

~i~. ~
a)A constant-radius taper b)Freq.curves of c.3.

ta~er

Going to a high-imyedance Ii.g.,non-evanescent
higher-order modee night be excited at the sligh-

test asyxmet?y: M.?.ts must be prevented, so we
prefer just a shunt inct~etance.1’or planar t.1.the

higher mode risk is just at the low inpedance side,

so fortunately we are able to match without the

shunt inductance [3] .The combination of taper and
steps - a truncated taper - hae a great matching
flexibility as will be shown in the following
examples. (See Fig. 7)

a)~ect. ~ flat w.g.

EK$l
bO 3.3 AB 7.4

bl(A) 3.8 AD 3

bl(B) 6 BC15

see Flg.6a

b .25

b)?ect. + square w.g.

15 2

*

b r II b

L
axa

bz10,15mm

A
c)Rect.w.q. -finline d)Rect. + circ.u.g.

Fig. 7 F.B.}[. const.radius tayered transitions
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COICLUS1ON

An impedance step corresponds to a ~ reflec-

tioncoefficient with an almost constant magnitude

vs.frequency.
The standard matching elements,being reactive,

have almost ima,qinary reflectioncoefficients wizh

a frequency dep&den~ magnitude.

It has now been shown that a sim~le combi~ation
-:of a shunt inductor and - capacl.or 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 a~art.

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 red,uces losses and allo~Js for minia-

turisation.
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