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57 ABSTRACT 

A monolithic coupled resonator bandpass filter having 
pairs of input and output electrodes mounted on a 
crystal resonator such as quartz. A generator is cou 
pled to the high potential side of the input electrodes 
via an adjustable input impedance. The high potential 
side of the output electrodes is coupled to a load via 
an adjustable output impedance. The low potential 
sides of the input and output electrodes are coupled to 
ground via adjustable base impedances. The frequency 
transfer response of the filter may be adjusted by 
proper adjustment of the various adjustable im 
pedances. Proper adjustment of the base impedances 
can adjust the symmetry and ripple of the transfer 
response curve. 

4 Claims, 2 Drawing Figures 
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1. 

MONOLTHC COUPLED CRYSTAL RESONATOR 
FILTER HAVING CROSSIMPEDANCE ADJUSTING 

MEANS 
The invention described herein may be manufac 

tured, used, and licensed by or for the Government for 
governmental purposes without the payment to me of 
any royalty thereon. 
The present invention relates to crystal filters and 

more particularly to improvements in monolithic cou 
pled resonator bandpass filters. 

In the field of solid-state bandpass filters, monolithic 
coupled filters have found widespread use. Those con 
cerned with the design of such filters have long recog 
nized the importance of maintaining extremely close 
tolerances in the manufacture thereof and in particular 
the placing of the electrodes on the crystal. As is well 
known in monolithic filter design, strict requirements 
are placed on the shape, size, and thickness of the elec 
trodes and on the separation of the electrode pairs. 
These physical parameters govern the bandwidth of the 
filters, the ripple in the passband, the magnitude of the 
unwanted responses and the characteristic impedances 
required for optimum power transfer. For example, if 
the electrodes are not maintained exactly alike in size 
and shape, and are not deposited symmetrically on the 
crystal, then an asymmetric frequency transfer 
response curve may result. Correction of the symmetry 
of the transfer response curve is then normally accom 
plished by scraping away portions of the electrodes or 
depositing additional electrode material where neces 
sary, an obviously laborious and time consuming 
process. Standard techniques for terminating such fil 
ters consists of input and output impedances attached 
to the high potential electrodes and a common ground 
ing point which connects directly together all of the low 
potential electrodes. These input and output im 
pedances are provided so that the effective impedance 
of the input may be matched to the effective im 
pedance of the output for maximum power transfer. 
However, adjustments of these input and output im 
pedances will have no substantial effect on the general 
symmetry and shape of the transferresponse curve. 
The general purpose of this invention is to provide a 

means of improving the transfer response curves of 
monolithic coupled filters without requiring extremely 
high manufacturing tolerances in electrode deposition. 
Also, adjustment of the shape of such transferresponse 
curves may also be affected electrically. To attain this, 
the present invention contemplates a unique filter 
wherein the low potential sides are not directly con 
nected together but are coupled to adjustable im 
pedance devices so that the specific shape of the 
transferresponse curves may be adjusted thereby. 

Therefore, the primary object of the present inven 
tion is the provision of monolithic resonating filters 
having means for electrically adjusting the transfer 
response curves thereof. 
Other objects and many of the attendant advantages 

of this invention will be readily appreciated as the same 
becomes better understood by reference to the follow 
ing detailed description when considered in connection 
with the accompanying drawings, wherein: 

FIG. 1 is a schematic diagram of a preferred embodi 
ment of the invention; and 

FIG. 2 are frequency response curves helpful in un 
derstanding the device of FIG. 1. 

5 

O 

15 

2 
Referring now to the drawing there is shown in FIG. 

1 monolithic resonating bandpass filter 10 comprising a 
crystal resonator 16, such as quartz, having a pair of 
input electrodes 12 and 13 and a pair of output elec 
trodes 14 and 15 respectively mounted thereon. A 
signal generator 20 is coupled to electrode 12 of the 
high potential side of filter 10 via an adjustable input 
impedance 21. The electrode 14 of the high potential 
side offilter 10 is coupled to a load 26 via an adjustable 
output impedance 25. The low potential or base elec 
trodes 13 and 15 are coupled to ground via adjustable 
base impedances 22 and 27 respectively. m 

. In the manufacture of the filter 10 the input elec 
trodes 12 and 13 are mounted or deposited some 
predetermined distance from the output electrodes 14 
and 15, so that the effective cross impedances 30 and 
31 will assume the values necessary for filter operation. 
Great care is normally taken to insure that the capaci 

20 tive components, for example, of the cross impedances 
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30 and 31 are of the proper value with respect to the ef. 
fective inductance presented by the crystal 16 so that 
resonance will occur in the intended passband. 

If the transferresponse curve offilter 10 is to be sym 
metrical, then the effective cross impedances 30 and 31 
should also be symmetrical. Adjustment of the values 
of the effective impedances 30 and 31 may be accom 
plished, as mentioned earlier, by adjusting during 
manufacture the size, shape, spacing, etc. of the elec 
trodes 12, 13, 14 and 15. However, adjustment of the 
effective cross impedances 30 and 31 may be effected 
by adjusting the base impedances 22 and 27. 

Therefore, besides being able to electrically adjust 
the effective input and output impedances via adjusta 
ble impedances 21 and 25, the effective cross im 
pedances 30 and 31 of the input and output electrodes 
may now be electrically adjusted via adjustable base 
impedances 22 and 27. 

For example, if it is desirable that the filter 10 have a 
symmetrical transfer response curve, as shown by the 
solid line A in FIG. 2, but during manufacture the size, 
shape and spacing of the electrodes 12, 13, 14 and 15 is 
not exactly symmetric such that the transfer response 
looks like the dotted line B in FIG. 2, then adjustment 
of the response may be accomplished by properly ad 
justing the base impedances 22 and 27. Adjustment of 
the input and output impedances 21 and 25 will simply 
move the curve A or B up and down, but will have sub 
stantially no effect on the shape of these curves. 
Of course, it is also pointed out that an asymmetrical 

curve may also be produced, if desirable. Further, the 
use of more than one pair of output electrodes or a 
multiplicity of coupling electrode pairs on the crystal 
16 would be an obvious extension of the inventive con 
cept. Obviously many other modifications and varia 
tions of the present invention are possible in the light of 
the above teachings. It is therefore to be understood 
that within the scope of the appended claims, the in 
vention may be practiced otherwise then as specifically 
described. 
What is claimed is: 
1. A monolithic bandpass filter comprising a crystal 

resonator characterized by a lattice equivalent net 
work, said network having effective cross impedance; a 
first pair of electrodes mounted on said crystal resona 
tor; a second pair of electrodes mounted on said crystal 
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resonator; a signal input means having one side thereof 
connected via an input impedance means to one of said 
first pair of electrodes; a signal output means having 
one side thereof connected via an output impedance 
means to one of said second pair of electrodes; the 
other sides of said signal input and output means con 
nected in common; and a cross impedance adjusting 
means connected between the other electrodes of said 
pairs of electrodes and said common connection for ad 
justing with respect to each other the relative values of 
the effective cross impedances between said first and 
second pairs of electrodes. 
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4 
2. The device according to claim 1 and wherein said 

cross impedance adjusting means includes an im 
pedance device connected between one of said other 
electrodes and said common connection. 

3. The device according to claim 1 and wherein said 
cross impedance adjusting means includes impedance 
devices connected between each of said other elec 
trodes and said common connection. 

4. The device according to claim3 and wherein each 
said impedance device of said cross impedance adjust 
ing means is adjustable. 

sk k k k k 


