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ELECTRICAL LADDER-TYPE FILTER 
Werner Poschenrieder and Gerhard Giitz, Munich, Ger 

many, assignors to vSiemens & Halske Aktiengesellschaft 
Berlin and Munich, a corporation of Germany 

Continuation of application Ser. No. 269,526, Apr. 1, 
1963. This application June 10, 1966, Ser. No. 556,778 
Claims priority, application Germany, Apr. 5, 1962, 

7 Claims. ((31. 333-42) 
This application is a continuation of Ser. No. 269,526, 

?led Apr. 1, 1963, now abandoned. 
The invention disclosed herein is concerned with an 

electrical ladder-type ?lter, comprising at least one trans 
verse branch containing an electromechanical oscillator at 
which appears, as seen in theladder at the terminals of 
the transverse branch, in addition to the series resonance 
of the electromechanical oscillator, which produces an at 
tenuation pole, at least one parallel resonance frequency 
(repetition frequency) lying in the ?lter barrier range, 
the action of which is compensated by an attenuation pro 
duced in preceding and/or succeeding ?lter elements. 
A ladder circuit of particular construction is frequently 

being used at the present time for making low pass ?lters 
and band pass ?lters with quartzes or other electro 
mechanical oscillators. It is important in connection with 
these ladder circuits, on the one hand, that an electro 
mechanical oscillator for the production of an attenuation 
pole is used in the transverse branch of the ?lter, and on 
the other hand, that so-called repetition poles appear di 
rectly adjacent to both sides of the branch containing the 
oscillator, that is, barrier points with substantially the 
same resonance frequency which produce, however, only 
one operating attenuation pole which coincides at least 
approximately with the parallel resonance appearing in 
the transverse branch and lying in the ?lter barrier range. 
The result obtained by this ladder circuit resides in that 
the structure of the electromechanical oscillator, espe 
cially the oscillator quartz, appears in the electrical equiva 
lent or analog ?lter circuit in the desired manner. 

It is in the design of low pass ?lters and broad band 
pass ?lters in the form of such ladder circuits desirable to 
obtain a value as great as possible for the ratio of static 
to dynamic capacity of the mechanical ?lter that is being 
used, for example, a quartz, and to provide the repetition 
pole in a suitable spacing from the attenuation pole pro 
duced by the oscillator, so that the losses and the barrier 
attenuation at the barrier border in the pass range of the 
?lter are substantially determined by the oscillator and not 
by the elements which produce the repetition pole. 
The problem and object of the invention reside in im 

proving the properties of such ladder circuits, primarily 
so as to produce a particularly favorable ratio of static 
to dynamic capacity of the oscillator used, which may be 
a piezoelectric oscillator. 

This object is realized, in connection with an electrical 
ladder-type ?lter having at least one transverse branch 
containing an electromechanical oscillator, in the branch 
circuit of which appears, as seen from the terminals of the 
transverse branch, the series resonance of the electro 
mechanical oscillator, which produces an attenuation pole, 
and in addition thereto at least one parallel resonance fre 
quency (repetition frequency) lying in the ?lter barrier 
range, the action of which is compensated by an attenua 
tion produced in preceding and/or succeeding ?lter ele 
ments, by effecting the compensation, in accordance with 
the invention, in the form of a parallel resonance circuit 
in a longitudinal branch, or in the form of a series reso 
nance circuit in a transverse branch, and providing this 
compensation in the branch circuit outside of the ?lter 
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2 
section which is determined by the transverse element con 
taining the electromechanical oscillator and the longitudi 
nal elements directly connected therewith. 
'An advantageous embodiment for the realization of a 

low pass ?lter or of a band pass ?lter with steeply rising 
attenuation ?anks, is obtained by using in the transverse 
branch, as an electromechanical oscillator, a piezoelectric 
element, preferably an oscillating quartz. 
' Further advantageous embodiments of the invention 
are obtained by effecting the compensation by two parallel 
resonance circuits with identical intrinsic resonance fre— 
quency, whereby one such resonance circuit is allocated 
to a preceding and the other to a succeeding longitudinal 
branch, or by effecting the compensation by two series 
resonance circuits with identical intrinsic resonance fre 
quency, which resonance circuits are ‘arranged in trans 
verse branches, whereby one such series resonance circuit 
is disposed ahead of the transverse element containing 
the oscillating quartz while the other in disposed following 
this transverse element. 

It is moreover advantageous to effect the compensation 
with the aid of a series resonance circuit in a transverse 
branch and a parallel resonance circuit with the same in 
trinsic resonance frequency in a longitudinal branch of 
the arrangement, whereby the series resonance circuit is 
disposed ahead of the transverse element containing the 
oscillating quartz while the parallel resonance circuit is 
disposed following this transverse element, or to effect 
the compensation with the aid of a parallel resonance 
circuit disposed in a longitudinal branch and a series 
resonance circuit with the same intrinsic resonance fre 
quency disposed in a transverse branch, whereby the 
parallel resonance circuit is disposed ahead of the trans 
verse element containing the oscillating quartz while the 
series resonance circuit is disposed following this trans 
verse element. 

According to another feature of the invention, an ad 
vantageous embodiment is obtained by using in the trans 
verse branch, with the aid of a dual circuit, a magneto~ 
strictive element in place of the piezoelectric element. 

Further details of the invention will appear from the 
description of embodiments which is rendered below with 
reference to the accompanying drawings. 
FIG. 1 shows a portion of a known ladder-type band 

pass ?lter; 
FIG. 2 indicates equivalent circuits for transforming 

elements shown in FIG. 1; 
FIG. 3 represents the result of the transformation ac 

cording to FIG. 2; 
FIG. 4 indicates another ladder-type circuit obtained by 

transformation of elements shown in FIG. 3; 
FIG. 5 shows equivalent circuits for effecting a trans‘ 

forrnation with respect to FIG. 4; 
FIG. 6 illustrates a circuit obtained by transformation 

with the aid of the elements shown in FIG. 5; and 
FIGS. 7 to 10 illustrate embodiments of the invention 

in which two-port nets are connected between the trans 
verse branch containing the mechanical oscillator and re 
spective resonance circuits which may be either parallel 
resonance circuits or series resonance circuits. 

Referring now to FIG. 1 which shows, as noted above 
a portion of a known ladder-type band pass ?lter, where 
in an attenuation pole is produced at the point j’ml of the 
attenuation diagram, by the series resonance of the piezo 

‘ electric oscillator indicated by a straight arrow. The 
quartz is represented by its electrical equivalence or 
analog circuit, namely, by the element Lq, C(1 and GP, 
In the transverse branch of this circuit, in which the piezo 
electric oscillator is disposed in parallel with an induct-I' 
ance L1, there appears a parallel resonance frequency f, 
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which is indicated by a semicircular arrow. This reso 
nance frequency fx'would produce an attenuation break 
through since the corresponding transverse branch be 
comes high ohmic at a frequency 72;, practically causing a 
through-connection between the .circuit 3 and the circuit 
4. g In order to avoid this undesired operation, there are 
provided, at both sides of the transverse branch which 
is here being considered, two parallel resonance circuits 
1 and 2, in the longitudinal branch of the circuit, the in 
trinsic frequency of which is identical and indicated by 
fag. These two parallel circuits produce at the frequency 
fang, the socalled repetition frequency, a common attenua 
tion pole, the socalled repetition pole. The parallel cir 
cuits 1 and 2 which produce the repetition pole, are di- 7 

' mensioned so that their intrinsic resonance frequency fxz 
coincides approximately with the parallel resonance fre 
quency fx of the transverse branch referred to (fxzfw), 
whereby the apparent input resistance of the circuit as 
sumes at the point 13:12.2 again approximately the value 
in?nity, thereby avoiding an attenuation break-through at 
this point. a 
As may be seen from FIG. 1, the arrangement also 

contains in the longitudinal branch, the parallel resonance 
circuits 3 and 4, such circuits producing further attenua- ~ 
tion poles at the frequencies fw3 and f“, as Well as the 
parallel resonance circuits 5 and 6 in transverse branches, 
which aredimensioned according to further requirements 
posed for the ?lter. The dash lines indicate that there 
may be provided further circuit elements at the respec—. 
tive ends of the ladder, which is, however, unimportant 
in connection with the following considerations. 
The bracketed two-port net VPI and VPII which em 

‘ brace, respectively, the elements of- the resonance cir 
/, cuits 5, 1 and 2,6, are now reformed with the aid of , 
equivalent circuits, known per se, as shown in FIG. 2. 
(The circuit a of FIG. 2 merges with the aid of an ideal 
transformer with a transformation, ratio lzu, into the 
circuit ‘b, and vice versa.) The use of this transforma 
tion'in connection with the two-port nets VPI and VPII 
'(FIG. 1) results in the circuit shown in FIG; 3. As will 
be seen from FIG. 3, the branch containing the quartz 
as well as the parallel resonance circuits 3 and v4, are 
not affected by the transformation. An attenuation pole 
is. with a piezoelectrical oscillator also formed in this 
circuit, at the point fsl, which is again indicated by a 
straight arrow. 'The parallel resonance circuits 1 and 2., 
which produce at the frequency fmz the repetition pole 
are not any more. directly connected with the transverse 
branch which is provided with the oscillator, but are sep 
arated by the parallel circuits 7 and 8, the intrinsic fre 

" quency of which lies according to the transformation with 
the elements of ‘FIG. 2, likewise at the frequency fmz. 
The repetition frequency fwQ of the parallel resonance cir 
cuits 1 and 2 coincide in the circuit according to FIG. 3 
at least substantially with the parallel resonance frequen~ 
cy fx lying in the ?lter barrier range of the transverse 
branch containing the oscillation quartz (fxzfmg). The 
circuit transformation entailed addition of the capacitor 
C1 and C2 and of the ideal transformers A and B. 
The two-port nets VPIII and WW, bracketed in' FIG. 

3,~which embrace respectively the elements from the par 
allel resonance circuits 7, 3 and 8, 4, are now again trans, 
formed with the aid of the equivalent circuits shown in 
FIG. 2, thus resulting in the ladder-type circuit repre 
resented'in- FIG. ‘4. The ideal transformers resulting 
in the transformation are thereby unimportant and for 
the sake of clarity have been omitted in FIG. 4, that is, 
the transformers are placed at'the input or the output I 
of the circuit, which as is known merely signi?es respec 
tively a multiplication of all inductivities or a division 
of all capacitances of the respective circuit section, with . 
the value u”. As will beseen, the parallel resonance cir 

,. cuits land 2, which produce the repetition pole, are not ~ 
affected by the transformation and the intrinsic resonance 
frequency lies now as before at the frequency fag. The 
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4 
capacitors C1 and C2 likewise appear in the circuit. The 
capacitors C3 and C4 are added by the transformation. 
The parallel circuits 3 and 4 with the intrinsic frequen~ 
cies 'fma and fa; also appear again in the longitudinal 
branch of the circuit. 
Upon measuring at the terminals K3 and K3’ of FIG. 4 

of the transverse branch containing the oscillation quartz, 
for example, with the aid of an impedance meter, the ap 
parent resistance depending upon the frequency——where~ 
by the input and the output of the ?lter can be terminated 
with real resistances, the value of which issuitably equal 
to the wave impedance of the ?lter—there will appear 
zero points and in?nity points in the course of the appar 
ent resistance. One of the in?nity points corresponds to 
the repetition frequency fang, to which are tuned the par 
allel resonance circuits 1 and 2 which are disposed in the 
longitudinal branch and produce the repetitionpole. 
As may also berseen from FIG. 4, the circuit trans 

formation results in the addition of capacitors C5 and C6 as 
well as the coils L2 and L3. Since the capacitances C5 
and C6 are due to the parallel connection to the original 
quartz capacitance Cp, additive, the ratio of the static 
capacitance which now consists of C5+C6+Cp, to the 
dynamic capacitance Cp, is increased, which is extraordi 
narly advantageous for the realization of the oscillation 
quartz. The newly added elements C5, C6 and L3, which 
are disposed parallel with the original quartz, effect more 
over a shifting of the original parallel resonance frequen 
cy fx of the transverse branch containing the oscillation 
quartz—considering such transverse branch by itself 
to a new value fx’ which is in FIG. 4 again indicated by 
a semicircular arrow. The parallel resonance frequency 
)3,’ lies as a rule adjacent to the repetition frequency or 
adjacent to one of the other pole frequencies 12.3 or far, so 

' that the ?nite attenuation based upon these attenuation 
poles, prevents. an attenuation break-through at the 
point fx'. . 

It shallnow'be shown, with reference to an example, 
that the repetition pole can also be realized with the aid’ 
.ofseries resonance circuits which are disposed in trans 
verse vbranches of the arrangement. The bracketed two 
port nets ,VPV and VPVI which consist of half-elements 
comprising respectively the, capacitor C1 and parallel cir 
cuit 1 and the capacitor C2 and parallel circuit 2, are for 
this purpose transformed with the aid of known equiva 
lent circuits according to FIG. 5. The corresponding 
transformation results in the circuit shown in FIG. 6; ~ 
As will be seen from FIG. 6, the capacitors C3 and C; 

as well as the parallel resonance circuits 3 and 4, remain 
unchanged by the transformation, that is, they remain as 
they also’ appear in FIG. 4. The capacitances Cp, C5 
and C6 of FIG. 4 are combined to form the static quartz 
capacitance CD’ and there applies the relation 

The inductivities L1, L2 and L3 of FIG. 4 are combined 
to form the inductivity L’ according to the relation 

The parallel resonance fre 
quency fx', ‘appearing in the transverse branch containing 
the oscillation-quartz, thus remains preserved. However, 
the transformation effects formation of the repetition pole 
at the point jag, by the series resonance circuits 9' and 10 
which lie in transverse branches of the arrangement and 
cause at the frequency n2 practically a shunt, such con-v 
dition being indicated by straight arrows. The circuit 
transformation results, as compared with FIG. 4, in the 

Upon measuring the 
apparent resistance at the terminals K3 and K3’ of the, 
transverse branch containing the oscillating quartz, there 
will again appear an in?nity point in the course of the 
apparent resistance, at the repetition frequency fsz. 

Various embodiments of the invention utilizing the 
principle of repetition poles are again represented in 
FIGS. 7 to 10, 
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In each of these circuits there is provided in a trans 
verse branch an electromechanical oscillator Q, whereby 
an inductivity L’ and a balancing capacitor C, which may 
be connected in parallel therewith. Two-port nets D 
and E are respectively disposed at the sides of the trans 
verse branch which contains the quartz. The repetition 
pole is in FIG. 7 produced by the parallel resonance cir 
cuits 1 and 2 (see also FIG. 4), which are disposed in 
the longitudinal branch of the circuit. The parallel oscil 
lation circuit 1 is connected ahead of the two-port net 
D and the parallel oscillation circuit 2 is disposed serially 
following the two-port net E. 

In FIG. 8, the repetition pole is produced by two series 
resonance circuits 9 and 10 which are disposed in trans 
verse branches (see also FIG. 6). The series oscillation 
circuit 9 is disposed ahead of two-port net D and the 
series oscillation circuit 10 is disposed serially following 
the two-port net E. 

In FIG. 9, the repetition pole is produced by the series 
resonance circuit 11 lying in a transverse branch and by 
a parallel resonance circuit 12 lying in a longitudinal 
branch. The series circuit 11 is disposed ahead of the 
two-port net D while the parallel circuit 12 is disposed 
serially following the two-port net E. The two oscilla 
tion circuits 11 and 12 are tuned to the identical resonance 
frequency fraz 

In FIG. 10, the repetition pole is produced by a par 
allel oscillator circuit 13 disposed ahead of the two-port . 
net D and by a series oscillation circuit 14 disposed seri 
ally following the two-port net E. 
The following particularly characteristic features result 

in connection with the circuits according to FIGS. 4 to 6 
as well as in the circuits according to FIGS. 7 to 10: 

(1) At least one attenuation pole is produced with an 
electromechanical oscillator in ladder circuit. 

(2) At both sides of the branch containing the electro 
mechanical oscillator, but not directly contiguous thereto, 
are disposed combinations of reactance elements which 
produce an attenuation pole at the identical resonance 
frequency (repetition pole). 

(3) Upon measuring the apparent input resistance of 
the entire circuit, at the transverse branch which contains 
the electromechanical oscillator, there appear a number 
of pole points and zero points. One of these pole points 
coincides with the frequency of the repetition poles which 
lies in the barrier range. 

(4) Upon cutting the circuits according to FIGS. 4 
and 6 and the circuits according to FIGS. 7 to 10, at the 
points K1/K1' and Kg/Kg’, thus obtaining three partial 
two-port nets in which the reactance elements which pro— 
duce the repetition pole do not any more belong to the 
partial two-port net which contains the electromechanical 
oscillator, and measuring the apparent input resistance at 
the terminal pairs of the respective partial two-port net 
which contains the electromechanical oscillator, the ap 
parent input resistance becomes zero at the resonance fre 
quency 72.2 of the repetition pole, when the repetition pole 
is produced by series resonance circuits or, respectively, 
in?nitely ‘high, when the repetition pole is produced by 
parallel oscillation circuits. 

These four characteristic features will be fully pre 
served when the repetition pole is produced by bridge 
circuits or the like, within the ladder circuit. 
Two band pass ?lter circuits (FIGS. 4 and 6) have 

been explained to bring out the invention more clearly, 
such circuits having, disposed in a transverse branch, an 
oscillating quartz, and being obtained by circuit trans 
formation with the aid of equivalence circuits. The cir 
cuits according to FIGS. 4 and 6 as well as those accord 
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6 
ing to FIGS. 7 to 10 can 'be respectively calculated or 
designed according to the image parameter theory or 
according to the insertion loss theory, by a correspond 
ing analysis of the circuit elements of a matrix according 
to the principle of the repetition poles. 

There is, moreover, in connection with all circuits ac 
cording to the invention, the possibility of using ‘in the 
transverse branch, with the aid of dual circuits, magneto 
strictive elements in place of the piezoelectric elements. 

Changes may be made within the scope and spirit of 
the appended claims which de?ne what is believed to be 
new and desired to have protected by Letters Patent. 
The invention claimed is: 
-1. An electrical ladder-type ?lter circuit having an elec 

tromechanical oscillator disposed in a transverse branch 
which generates an attenuation pole in the blocking range 
of the ?lter, a circuit element disposed in parallel with the 
electromechanical oscillator, as a result of which a parallel 
resonance frequency lying in the ?lter blocking range oc~ 
curs in said transverse branch, a two-port net disposed in 
said circuit preceding said transverse branch and a two 
port net disposed in said circuit following said transverse 
branch, said two-port nets each containing at least one 
longitudinal branch and one transverse branch, with a 
longitudinal branch of each disposed adjacent the trans 
verse branch containing the electromechanical oscillator, 
a resonance circuit connected ahead of the ?rst mentioned 
two-port net which is disposed in a branch thereat of 
said ?lter circuit, and a resonance circuit connected be 
hind said second mentioned two-port net which is dis 
posed in a branch thereat of said ?lter circuit, the reso 
nance frequency of said last mentioned resonance circuits 
disposed ahead of and behind said two-port nets corre 
sponding, at least approximately, to the parallel resonance 
frequency occurring in the ?lter blocking range of the 
transverse branch containing the electromechanical oscil 
lator, such resonance circuits being so constructed, with 
respect to the nature of the branch in which they are dis 
posed, that they effect a compensation of the parallel 
resonance frequency occurring in said transverse branch 
containing the electromechanical oscillator. 

2. A ?lter according to claim 1, wherein said resonance 
circuits disposed ahead of and following said two-port 
nets are like resonance circuits with identical intrinsic 
resonance frequency, disposed in like branches ahead of 
and following the transverse branch containing said elec 
tromechanical oscillator. 

3. A ?lter according to claim 2, wherein said resonance 
circuits are parallel resonance circuits disposed in respec 
tive longitudinal branches. 

4. A ?lter according to claim 2, wherein said resonance 
circuits are series resonance circuits disposed in respective 
transverse branches. 

5. A ?lter according to claim 1, wherein, of said reso 
nance circuits disposed ahead of and following said two 
port nets, one of said circuits is a series resonance circuit 
disposed in a transverse branch, and the other circuit is a 
parallel resonance circuit disposed in a longitudinal 
branch. 

‘6. A ?lter according to claim 5, wherein the resonance 
circuit disposed ahead of the preceding two-port branch. 

7. A ?lter according to claim 5, wherein the resonance 
circuit disposed ahead of the preceding two-port net is a 
parallel resonance circuit disposed in a longitudinal 
branch. 

No references cited. 
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