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Stub for Matching Microstrip Circuits

1 The present invention relates to microwave circuits imple-
‘ mented by the so called microstrip technology and more particularly
Vit co#cerns a stub for adjusting microstrip circuits,
One of the fields in which microstrip stubs can be used is
5 the measurements of characteristics of the active components.
In fact to obtain the complete description of an acti;»'e mi-
crowave device oftenitis not enough to effect on it just the measurement

of the known diffusion parameters S, whose determination requires no

" adjustment.

10 In a number of cases it i8 necessary to connect at the input
and at the output of the active device apparatuses able to introduce ar-
bitrary variations in the impedances they present at the active device.

This is valid for instance in the case of noise-figure mea-
surement at the variation in the input impedance or in case of optimum

15 input-output impedances measurement to check the operation of a power
device of non-linear type.

It would be of course preferable to effect sﬁch variations
directly on the _microstrip circuits containing the active device; but

this is not convenient due to the typical irreversibility of microstrip

20 matching devices.
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In fact once the edjuennent circuit rhars been modified, \fall
ues prior to the adjustment cannot be recovered. . |

This difficulty is,,genrer:illyr overcomeibryrmeans of ooaxial
cable matching devices, provided that ther,rrensition from microstrip
to coaxial-cable has taken pla.ce.f | 7 |

The mconvement of the measurement method effected by
means of coaxial matchmg dev1ces resides in that a dlsmembermg must
be effected of component holder to :merasurethe unknown 1mpedance.

A further field in 'which microetrip stuLbe e,re generally used
is the 1mplementat1on of ampllﬁers, oscxllators mixers and others.
For these devices direct adJustment is generally requlred of the mat-
ching networks, stubs enclosed, to compensate,,for the,_unavoxdabl_e pa-
rameter losses characterizing the active fégmpqnentg (as commercially
available) and to compensate for possibﬁlerpara;'ss'iticrpa;rameters of pas-
sive circuity. | 7 7 7 o B

Such adJustment is cr1t1ca1 when the acnve components ‘must
be pushed beyond their threshold of power dlss:Lpatmn, certam load im-
pedances,in fact where unprudently var1ed can g1ve rise to a breakmg
of the active components to which they are cronnectedr. These dangers
are often present in mierostrip circuit emhodimenfs' Varsr the known stubsg,
not being of revers1ble type must be precahbrated with values in
excess 80 as to allow the progresswe approx1mat10n for reductmn to
required operatlon condll:lons. 7 ' : " : 7

Inrfact operating on a mierostrip in theim'icrowe;ve range’
(bands X, Ky, etc... ) the usually method used for the C1rcu1t ad_)uat-
ment consists in removmg the conductwe matenal formmg the micro-
strip; said removement 1s generally obtained through a laser beam, as
the requxred precmmn in the adJustment is very hlgh

Otherw1se many actwe power components reqmre for con-

30 jugated matching a very low 1mpedance, but they do not tolerate short

circuit conditions.
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Operating by laser removing technique, the main inconve-
nient is that of acting only by removing the material without any recov-
ery, if the removement was too severe.

Obviuosly, the determination of the optimal condition can
be obtained only by verifying worse performances beyond that condition.

That is why it i8 necessary to dispose of microstrip stubs
of the reversible type, that is such as to allow easy scanning about the
optimal condition.

Otherwise, in the superior microwave range, this revers-
ibility cannot simply be obtained by adding other material after the remov- -
ement of conductive material, since: above all the precision that could
be achieved by adding further material would be poor, besides a much
varied structure would result with respect to the original one with sub-
sequent increased losses; finally such corrective material addition, nec-
essarily requiring manual intervention, would not allow the automatic
calibration process.

Operating always in microstrip in the lower microwave
range (bands L, C) an adjustment method alternative to the one previ-
ously described of laser removement, is the one of providing while
planning a certain number of areolae of conductive material at the
edges of metalized strips of microstripand duly connectinga certainnum-
ber to the main strip to the attainment of the required conditions.

In this case due to the rather low frequencies these connec-
tions do not present serious problems.

From the literzture it is not clear haw the reversibility
can be obtained by utilizing said areolae method.

These and other problems of the present invention will be
solved by a method devised to obtain the reversibility in stub microstrip
adjustment modalities, that by introducing minimum redundancy in the
stub topology allows this reversibility and optimal operation conditions

to be obtained, operating always in the same direction, that is by the
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only removement of conductive rn'aterial,, fo: inetance' by meane of lager,
or by the only addition of condu'cti've material by means of areolae meth-
od. - - 7

Another charajctetietic of the preeent rinxtention resides in

the fact that said slight added fedundancy: can-be poaitevely utilized by

~interpreting the stubs reahzed in that way as elements of abroad band
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matching network or by sendmg a polanzatmn through a choke connect-
ed to a short- cricuit section of the stub 7 7

It is a particular obJect of the,pfesent in;rention a stub for
the adjustement of m1crostr1p c1rcu1ts consmtmg of two cascaded lines,
the second of wh1ch hav1ng a length comprmed between 1/4 and 1/2 of
the used wavelength 7 .
. These and oth’e’r characte'r'istics of the prreeent invention

will become clearer from the followmg descnptmn thereof of a partxc-

ular embodiment of the same, taken by way. of example and not in a lim-

iting sense in connectmn with the annexed drawings in- wh1ch.

- Fig. 1 is the most general ve»reion of a eﬁnmetricaiiteversible stub
of the the type with metaltzaticn addttion (method of areolae );

- Fig. 2 is the equivalent 's'chei'ne cf the stub debicted in Fig. 7 1;

- Fig. 3is a partmular asymmetncal case of the reveraxble symme- '
trical stub depicted m F1g 1 m wh1ch there are Just two series of
aereolae, one for carryxng Out the lengthenmg and the other one
the short emng, o ' 7

- Fig. 4 is the complementary version of the stub of F:g 3 as the short-
enning and the lengthenmg operations are effected not by addition but
by removement of conductlve ma.tenal ' 7 7

- Fig, b is, analogously to F1g 4 the complementary version of the
stub of Fig. 1; -

- Fig. 6 representes an 1ntermed1ate adjustmg method between the one
dep1cted in F1g 1 and that of Flg 5. - '

Fig. 1 shows the typmal form of a symmetncal reveralble

stub; it cons;sts of two cascaded lines, the f1st, ,chnected to main line
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L, has'high characteristic impedance, and the second, left in open
circuit, has low characteristic impedance.

References w}, 1] denote respectively the width and the
length of the first line prior to adjustment; references wp, 12 denote
respectively the analogous values of the second line prior to adjust-
ement.

Reference 1''3 denotes the lengthening of the second line at
the open end; reference 1'3 denotes the lengtheing of the second line at
the end of the connection with the first line, that then corresponds also
to é shortening of the first line.

Reference w'y denotes the widening of the microstrip re-
lating to the second line. '

References a, b, c denote some areolae placed in adwance
while planning the microstrip in suitable number and size, to carry out
the required adjustments.

In the equivalent circuit of Fig. 2 reference Y denotes the
characteristic admittance of the main line L of Fig. 1.

References Y], 1] denote the characteristic admithance and
the length of the firstline w], 1] prior to adjustement; references Y2,
12 denote the analogous values of the second line w2, 12 always before
adjustement.

In Fig. 3 references L, 1], 12, 1"3, 13, wj, w2 denote the
same values as in Fig, 1.

Reference a denotes the same anolae as in Fig. 1; reference
c' denotes the areolae that correspond, in the ésymmetric version, to
those denéted by a in the symmetric version 6f Fig. 1.

In Fig. 4 references L, 1), 13, w], w2 denote the same val-
ues as in Fig. 1,

References 1'4, 1''4 denote areas of conductive material that
can be partially or totally removed to realize the wonted adjustments.

In Fig. 5 theoriginary configurationofthemicrostripis the

same as in Fig. 1; the dotted lines denoted by d, e, f, represent areas
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e : | |
of conductive material thet can be removed while a._djusting. |
' References 11,7 1712',:iw17, wz: dénoté the same §alues—aa in
in Fig. 1. | | R

In Fig. 6 references a, b, c denote the same areolae as in
Fig, 1, but thls time durmg the planning they ha.ve not been plotted
outside of (a8 they have in Fig.1), but they have been plotted inside the
original configuration of the microstrip and have been subsequently.
covered with 'condurctive material (dotted zone) eaeyrtb remove, for
instance by a shéréened, styius. Referepees'll‘,‘ lz,iwl, wp denote the
same values as inFig, 1. N o EE

With 'refere'nce to the anneked dra’wing'rs',i fhe;fti'nction will
be now describedrof the adjusting method Vofrthe,s'tu'e; object of the in-
vention. o 7 | ' o | | 7

With reference to the genefaliz_ed version with metaliéing
addition in Fig. 1, the 1n1t1a1 equivalent cireuit"i;B the one rof F1g 2.

- By adding to a second rline:(Iz,r wz) axf‘eelae of type ra, VIength
12 is increased by é,n entit& that, fof,rinrs't'axrxrce,;irn ease the two first 7
areolae of type a were' incorporated is',equal f;o"i"?'3,: i. e. ,peesing from
length 1z, to Ip +1"3. . ' '

By addmg to second 11ne (12, wz) some areolae of type b,
width w2 increases; in case for 1nstance both a.reolae b represented in
Fig. 1 were mcorporated one would pass from width wz to w'p: charac- '
teristic adm1ttance Y2 of F1g 2 increases accordlngly. 7 '

By addmg to the second 11ne (12, wz) areolae of type c,
length 12 mcreases, for mstance in the case dep1cted in Flg. 1, by1'3
and 1} diminishes by the same value. 7’ 7

Let us conS1der now the known expressmn of the mput ad-

mittance B, normahzed with resPect toYp - .
o (Vi) pplr(l wﬁéz _ o
B:J(y \} Q—M )Q %3 B

V%! - (Ze)deppls-toypf

in whlchF is the phase constant cons1dered as equal in the two mi-
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crostrip lines. The expression (1) is for instance reported in "Founda-
tion for Microwave Engineering' by R. Collin, Chapter 5. New York
Mc Graw - Hill, 1966,

From (1) it derives thatwhenl, increases (for instance by

n3 ), B increses; but if tang/’é.lz < 0 (that is if -?4‘— <12< —>— , being >\

the microstrip wavelength), ‘B decreases when Y2 increases or when
1, increases, for instance by 1'; (and correspondingly 1 decreases by
the same value),

Consequently, while connecting areolae of type a there is
an increase in electric length‘(as it happens in case of a single line
stub), incorporating areolae of type a and b everything works as if the
stub electric length decreased,

The same reversibility property is present if the remov-
ement operation of conductive material was taken into consideration
instead of area conglobation.

In fact, By considering (1) again it can be seen from Fig.5
that when the conductive material is removed from side d (that is when
1, decreases) B decreases, but if tang PIZ <0 B increases when YZ
decreases (removement of material from sidee)or 1) decreases to the
advantag of 1] (removement of material from side f).

As a consequence a single transmission line in open circuit
used in shunt (that is a stub) can be converted into a reversible line
(that is into a line that can be lengthened or shortened by the same
method of adjustment no matter whether it consists of the addition or
of the removement of conductive material) if said line is replaced by
the cascaded connection of two different transmission lines, the second
of which has a length 1, comprised between A/4 and )/2
()/4( 1, < /\/2); the length 1 of the first line is free and depends
on the initial value positive or negative of B that is to be realized.

The operating modalities of the stub of Fig. 6 are strictly
analogous to those of Fig, 5; however in this case while designing the

microstrip}initial areolae a, b, care to be prearranged (as in Fig. 1)
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that must be covered with eonductive ma.'tezfialiof: the soft type that is
easy to remove. | 7 o )

It has to be spec1f1ed that the dxagrams w1th areolae (F:g 1,
3 and 6) are partxcularly sultable for not too. h1gh frequenmes (€3GHz);
while diagrams of F1gures i, 4 and 5 are necessary in case of hlgh
frequencies (3 GHz) 7

The methodology descrlbed here 18 based on the replace-
ment of a single line by a ‘cascade of two lines and then by the mtroduc-'
tion of a redundancy. o o

Such redundancy can be usefully employed also, to send the
polarization to actwe dev1ces or to match loads on wide band

It is enough to note that the 'rsecond lme (15, wz) is a line
with low character;suc 1mpedance and- has a length compnsed between
/\/4 and >\/Z Therefore an 1ntermed1ate pos1txon ex1sts (correspond-
ing to >\/4) in which a~ short c1rcu1t a.t radlo frequency is present w1th
broad band due to the low 1mpedance charactensnc of the line.

This short c1rcu1t section can be ut1hzed to inserta choke

to send polarization voltage.
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1 What we claim is:

1.

10

15

Stub for matching microstrip circuits, characterized in that it
consists of two cascaded lines, the second (13, wz) of which has

a length comprised between 1/4 and 1/2 of the used wavelength.
Stub according to claim 1 characterized in that the only addition
of conductive material at suitable points of said sub causes both
the increase and the decrease of the admittance (B) character-
istic of the line; said increase or said decrease in the admittance
exclusively depending on the point of the stub to which the conduc-
tive material is added.

Stub as in claim 1, characterized in that the only removement of
conductive material at suitable points of said stub causes both the
increase and the decrease in the characteristic admittance (B) of
the line; said increase or said decreaf;e in the admittance depend-
ing only on the point of the stub from which the conductive materi-
al is removed.

Transmission stub for matching microstrip circuits, the whole

as described in the text and depicted in the annexed drawings.
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