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coupled together. Similarly, the second and third resonators are
substantially adjacent and acous- Background of the Invention
tically coupled together as are the third and fourth resonators. It will be
appreciated by those skilled in 5   the art that coupling, either
electrical or acoustical 1. Field of the Invention
is typically undesirable between non-adjacent reso- nators. This Invention
relates to an apparatus for sup-   As shown In Figs 1 and 2A a wirebond pad
65 pression of spurious responses in crystal filters.  is coupled to
electrode 25 by a narrow conductor More particularly, this invention
relates to an ap-  10  70. Wirebond pad 65 is connected by a fine bond-
paratus for suppressing  undesired attenuation    ing wire 75 to an
external wirebond pad 80. This poles in the frequency response
characteristic    wirebond pad 80 may be used as the filter input curves
for pedestal mounted crystal filters.      and is connected to external
circuitry as necessary to utilize the crystal filter. 15     In a like
manner, wirebond pad 85 is elec- 2. Background of the invention
trically coupled to resonator 50 by a narrow con- ductor 90. Wirebond pad
85 Is normally coupled by A knob pedestal mounting arrangement for       a
fine bonding wire 95 to an external wirebond pad supporting a crystal 10 is
shod in FIG. 1. A sub-  100 which may be used as the filter output and Is
stantially similar crystal mounting arrangement is  20  connected to other
circuitry as necessary to utilize described and claimed in U.S. Patent
US-A-        the filter. Similar narrow conductors 105 and 110 4.282,454
entitled "Plezoelectric Crystal Mounting  are shown clearly In FIG. 2A and
are utilized to and Connection Arrangement", issued to Wakat, Jr.  couple
electrodes 30 and 35 to wirebond pads 115 et al. on August 4, 1981 and
having the same      and 120 respectively which are in turn coupled
assignee as the present invention. The contents of  25  through wirebonds
(not shown) to a circuit ground. U.S. Patent US-A-4,282,464 are hereby
incorpo-       Turning now to FIG. 2B viewed in conjunction rated by
reference. U.S. Patent US-A-4,334,343 for  with FIG. 1, a pedestal mounting
pad 130 Is at- a "Method of Making Crystal mounting and Con-     tached to
a conductive mounting pedestal 135. As nection Arrangement" issued to Wakat
Jr. at al. on  shown more clearly in Fig. 2B, pedestal mounting June 15.
1982 also shares a common assignee   30  pad 130 Is electrically coupled to
each of elec- with the present invention. The contents of U.S.  trodes 45,
50, 55 and 60 by narrow conductors Patent US-A4,334,343 are hereby
incorporated by   145, 150, 155 and 160 respectively. Pedestal 135
reference. A U.S. Patent US-A4,430,596 issued to  Is in turn coupled
electrically to electrical circuit Charles Stanley, on 7 February 1984.
discloses    ground In order to form a complete functioning and claims an
improved pedestal mounting ar-  35  crystal filter. rangement and is
entitled "Temperature Insensitive   A schematic model of the resulting
filter is Piezoelectric Crystal Mounting Arrangement". The  shown in FIG. 3
wherein for simplicity the input contents of such U.S. Patents US-A-
4,430,596 are  terminal 200 is taken to be wirebond pad 65 and hereby
Incorporated by reference.                 output terminal 205 Is taken to
be wirebond pad 85. Referring now to the cross-sectional view of  40  In
this simplified model the resonator formed by FIG. 1 viewed in conjunction
with FIG. 2A and FIG.  electrode pair 25 and 45 is modeled as a capacitor
2B, crystal 10. which may be a polished AT cut    210 in parallel with a
series L-C circuit shown as quartz blank. includes opposed major surfaces,
capacitor 215 and inductor 220. The resonator namely upper surface 15 and
lower surface 20.     formed by electrode pair 30 and 50 is modeled as
Disposed on upper surface  15 Is a plurality of  45  capacitor 225 in
parallel with the series L-C com- electrically conductive upper surface
electrodes 25,  bination of capacitor 230 and inductor 235. Inductor 30. 35
and 40. Located substantially opposite these  240 represents the inductance
of the wirebond wire upper surface electrodes are lower surface elec-  (not
shown) coupling electrode 30 to ground. The trodes 45, 50, 55 and 60
respectively. These upper  resonator formed by electrode pair 35 and 55 is
and lower surface electrodes may, for example, be   50  modeled by
capacitor 245 in parallel with the series made of aluminum and are situated
in such a       L-C circuit of capacitor 250 and inductor 255. In- manner
to form a crystal filter network wherein   ductor 280 represents the
inductance the bonding electrode pair 25 and 45 form a first resonator,
wire (not shown) coupling resonator electrode 35 to electrode pair 30 and
50 form a second resonator,  ground. The resonator formed by electrode pair
40 electrode pair 35 and 55 form a third resonator,  55  and 60 is modeled
by capacitor 265 In parallel with 



and electrode pair 40 and 60 form a fourth resona-  the series L-C
combination of capacitor 270 and tor. In this arrangement, the first and
second reso-  inductor 275. For simplicity in the circuit the inter- nator
are substantially adjacent and acoustically  nal resonator coupling has
been represented by 2    3                 EP 0156 808 B1
4 coupling co-efficients K1, K2, and K3. It will be   desired poles are the
direct result of parasitic ped- evident to one skilled in the art that this
acoustical  estal inductance 280 which electrically couples coupling may be
modeled schematically in many       non-adjacent resonators. The need to
eliminate other ways, as for example by capacitive or mag-    these
undesired filter responses will be readily netic coupling.
5   apparent to one skilled in the art. For the circuit of FIG. 3,
capacitors 210, 225, 245, and 265 represent the parallel-plate capaci-
tance of each individual resonator. This capaci-    Summary of the
invention tance is formed by the sandwich-like structure of the resonator's
upper and lower electrodes with  10    It is an object of the present
invention to pro- crystal 10 serving as the dielectric. Capacitors 215,
vide an improved crystal filter structure. 230, 250, and 270 represent the
motional capaci-       It is another object of the present Invention to
tance of each respective resonator as is well known  provide an improved
pedestal mounting scheme for in the art. Inductors 220, 235, 255 and 275
repre-  a crystal filter which suppresses spurious attenu- sent the
motional inductance of each individual  15  ation poles caused by the
pedestal. resonator respectively as is well known in the art.    It is a
further object of the present invention to Inductor 280 represents the
inductance of the   provide a crystal filter with improved ultimate selec-
mounting pedestal itself. The pedestal may be on   tivity and predictable
band pass characteristics. the order of .04 to .06 millimeters in height
and      These and other objects of the invention will may have an
inductance on the order of a few   20   become apparent to those skilled in
the art upon nanohenries. Each of the resonators of the circuit
consideration of the following description of the of FIG. 3 is electrically
coupled to node 290. This  invention. node represents the pedestal mounting
pad 130.         In one embodiment of the present invention a This node
would ideally be coupled directly to      crystal filter includes a
substrate having upper and ground, however, pedestal inductance 280 sepa-
25  lower opposed major surfaces. A plurality of N rates this node from
ground and causes a finite     coupled resonators, where N is an integer
greater amount of undesired coupling between non-adja-      than two, are
disposed on the surfaces of the cent resonators and particularly from the
input res-  substrate and each includes a lower electrode dis- onator to
the output resonator.                     posed on the lower surface of
said substrate. A A frequency response plot of attenuation in dB   30
plurality of at least the largest integer not exceed- vs relative frequency
is shown in FIG. 4 for the   ing (N + 1)/2 mounting pedestals is each
electrically circuit of FIG. 3. Curve 300 of that graph repre-   coupled to
certain of the lower electrodes so that sents the frequency response of the
circuit of FIG.  no two non-adjacent lower electrodes are coupled 3. One
skilled In the art will recognize that the  to a common pedestal. crystal
filter will have, for example, a small amount  35  The features of the
invention believed to be of Insertion loss as a result of the finite Q of
each  novel are set forth with particularity In the appen- of the
individual resonators making up the filter. For  ded claims. The invention
itself however, both as to sake of simplicy of the model, these resistive
of-  organization and method of operation, together with fects have not
been taken Into consideration.      further advantages and objects thereof,
may be Therefore, although the plot of FIG. 4 (and subse-   40   best
understood by reference to the following de- quently FIG. 8) does not
reflect the insertion loss,  scription taken in conjunction with the
accompany- slight bandwidth change, etc. which will result from  ing
drawings. the finite Q of the crystal's resonators, it provides a sound
basis for comparison for purposes of the present discussion.
45   Brief Description of the Drawings In FIG. 4 curve 300 is seen to
exhibit a pair of attenuation poles evidenced by dips in curve 300
FIG. 1 is a cross-sectional view of a pedestal at points generating
designated 310 and 320. The    mounted crystal filter taken along line 1-1
of FIG. 



exact location of these dips is somewhat difficult to  2A. control due to
variations In processing, etc. These   50  FIG. 2A is a plan view of the
upper surface of are undesirable attenuation poles and severely limit  the
crystal filter of FIG. 1 as viewed from above, the ultimate selectivity
(far-out stop band rejection)  FIG. 2B Is a plan view of the lower surface
of on both the high side and the low side of the      the crystal filter of
FIG. 1 as viewed from below. crystal fiters response. In addition, due to
the..     FIG. 3 is a schematic model of the crystal filter unpredictable
nature of exactly where in frequency   55  shown in FIG. 1. these poles
will actually occur, they can and fre-     FIG. 4 is a plot of the
frequency response in quently do have the detrimental effect of altering
attenuation vs relative frequency of the crystal filter the bandwidth of
the filter response. These un-    of FIG. 1. 3    5                 EP 0156
808B1                     6 FIG. 5 is a cross-sectional view of the
pedestal  only coupling presented between non-adjacent res- mounted crystal
filter of the present invention taken  onators is caused by K2 which is the
desired along line 5-5 of Fig. 6A.                        coupling. This
desired coupling K2 is readily con- FIG. 6A is a plan view of the lower
surface of  trollable by resonator spacing. etc. and therefore the crystal
filter of the present invention as viewed   5   the filter parameters of
the present invention much from below.
more closely approximate an ideal filter. FIG. 6B is a plan view of the
upper surface of    Referring now to FIG. 8 the dramatic results of the
crystal filter of the present invention as viewed  this change can be
clearly seen. FIG. 8 is a plot of from above.
attenuation in dB vs relative frequency for the cry- FIG. 7 is a schematic
model of the crystal filter  10  stal filter of the present invention.
Curve 400 of this of the present invention.                         plot
represents the frequency response of the FIG. 8 shows a frequency response
plot of the  present filter. Curve 300 of FIG. 4 Is shown In crystal filter
of the present invention on the same  broken lines on the same graph for
ease of corn- graph with the frequency response plot of the cry-  parison.
It is evident from this plot that separation stal filter of FIG. 1.
15  of pedestal mounting   pad 130 into two pedestal mounting pads 350 and
355 and separation of the pedestal 135 into two pedestals 360 and 365 has
Description of the Preferred Embodiment           eliminated the presence
of spurious responses 310 and 320 of Curve 300. Also evident from this plot
is Referring now to FIG. 5 taken In conjunction   20  the dramatic increase
in selectively (attenuation) with FIGS. 6A and 6B  a preferred embodiment
of   outside the passband resulting from the present the present invention
is shown. Upper surface 15 of  invention. For example, at relative
frequency .9996 crystal 10 is substantially similar to that of the  an
improvement in attenuation of over 20 dB is more conventional pedestal
mounted crystal filter.  realized. Lower surface 20 however, is
substantially different  25  Although the preferred embodiment of the in
that pedestal mounting pad 130 has now been    present invention shows a
four-pole (four resonator) divided into two separate pedestal mounting pads
crystal filter, It is evident that the present invention 350 and 355. Lower
surface electrodes 55 and 60   is applicable to any piezoelectric filter
having at are now electrically coupled to narrow conductors  least three
resonators. For a generalized crystal 155 and 160 to pedestal mounting pad
350, while  30  filter having N resonators, a total of at least INT((N
lower surface electrodes 45 and 50 are electrically  + 1)/2) pedestals are
required, where the function coupled to narrow conductors 145 and 150 to
pod-  INT(X) represents the greatest integer which does estal mounting pad
355. In this manner, no two    not exceed X (sometimes called the truncated
In- non-adjacent electrodes are coupled to the same   teger function). For
example, a six resonator crystal pedestal mounting pad. These pedestal
mounting  35  filter would require INT((6 + 1)/ 2) = 3 pedestals pads 350
and 355 are in turn mounted to conduc-   minimum. More pedestals could of
course be uti- five pedestals 360 and 385 respectively. Pedestal  lized
without detrimental effect. In this example, the mounting pads 350 and 355
may be connected to    first and second resonators can be coupled to a
pedestals 360 and 365 by  for example, conductive  first pedestal, the
third and fourth resonator can be epoxy.
40  coupled to a second pedestal, and the fifth and six Referring now to
FIG. 7 a circuit model for the  resonators can be coupled to a third
pedestal. In 



present invention is shown. This model is substan-  this manner no two
non-adjacent resonators are tially similar in many respects to that of FIG.
3. The  coupled to the same pedestal and therefore no two changes resulting
from dividing the pedestal and  non-adjacent resonators are subject to the
elec- the pedestal mounting pads into two parts include  45  trical
coupling caused by the pedestal inductance. the changing of node 290 to two
separate nodes    All even order filters can be divided into pairs of 370
and 375, the separation occuring between the  two in a manner similar to
this example in one second and third resonator. The stray pedestal
embodiment of the present invention. inductance 280  which was common to
both input       By way of a second example, consider a sev- and output in
the filter as shown in FIG. 3 is now  50  enth order filter. A seventh
order filter requires a divided into two inductances 380 and 385. Induc-
total of INT((7 + 1)/2) = 4 pedestals. In this tance 380 is connected from
node 370 to ground    example, the first and second resonators may be while
inductance 385 is connected from node 375   coupled to a first pedestal,
the third and fourth to ground. The effect of moving these inductances
resonator may be coupled to a second pedestal. is elimination of any common
electrical coupling   55  the fifth and sixth resonators may be coupled to
a between nonadjacent resonators caused by the      third pedestal, and the
seventh resonator may be pedestal Inductance. This in effect divides the
cir-  coupled to a fourth pedestal according to one em- cuit of FIG. 7 into
two distinct parts wherein the  bodiment of the present invention. Other
variations 4    7                 EP0156808B1                         8 may
of course be utilized for odd order filters        et Inferieure; which
still utilize a minimum number of pedestals-         une plurallt de N
resonateurs places sur The important consideration, however, remains the
ces surfaces, ou N est un entler supdrieur a 2, same for either odd or even
order filters; namely      chacun des resonateurs comportant une dlec- that
no two non-adjacent resonators which by de-   5   trode inferleure ; et
sign are not intended to be electrically coupled           une pluralite
d'au moins INTI(N + 1Y2] together should be electrically connected to and
supports de montage, chacun etant dlectrique- grounded through a common
pedestal.                    ment reliW   h certaines des dlectrodes
lnferieu- It should also be noted that in some cases          res sur une
extr6mit6 superieure de coux-ci, some, but not all, of the parasitic
attenuation poles   *o  de telle sorte quo deux electrodes inferieures may
actually be desirable if they can be controlled.   non adjacentes ne solent
pas reliees a n'lm- in these instances, some of the non-adjacent reso-
porte quels supports. nators may be allowed to electrically couple through
the pedestal while others which are un-    2. Flltre pifzoa-lectrique salon
la revendication 1, desirable may be eliminated by the present tech-  16
dans lequel le substrat piezo-electrique est es- nique. The undesired
coupling may be isolated by       sentlellement compose de quartz.
experimentation or computer simulation. 3. Filtre piezo-electrique selon la
revendicatlon 2, dans lequel les supports de montage compor- 20      tent
chacun une extrdmitd infdrleure, chacune Claims
de ces extremitds inf6rieures 6tant electrique- ment relise a la masse. 1.
A piezoelectric filter, comprising: a piezoelectric substrate including
upper   4. Filtre pi6zo-dlectrique selon la revendlcatlon 3, and lower
opposed major surfaces;          25      dans loquel N eat egal h 4. a
plurality of N resonators disposed on said surfaces where N is an integer
greater     5. Filtre plizo-dlectrique selon la revendication 1, than two,
each of said resonators including a      dans lequel lea supports de
montage sont lower electrode; and
electriquement conducteurs et permettent un a plurality of at least INT((N
+  1 )/2)  30    couplage dlectrique a la masse. mounting pedestals each
electrically coupled to certain of said lower electrodes on an upper end
thereof, so that no two non-adjacent lower  AnsprUche electrodes are
coupled to any one of said 



pedestals.                                 35  1. Eln piezoelektrisches
Filter, mit einem  piezoeleltrlschem  Substrat, das eine 2. The
piezoelectric filter of claim 1, wherein said   obere und eine
gegen~berliegende untere piezoelectric substrate is composed substan-
Hauptoberfliche enthAlt; elner Vlelzahl N von tially of quartz.
Resonatoren, die auf den Oberflachen ange- 40      ordnet sind, wobel N
eine ganze Zahl griber 3  The piezoelectric filter of claim 2, wherein said
als 2 lst und jeder der Resonatoren elne untere mounting pedestals each
include a lower end        Elektrode enthallt und and each of said lower
ends is electrically        einer Vielzahl von wenigstens INT (N+ 1)/2)
coupled to ground.                                 Befestfgungssockeln, die
jeweils elektrisch an 45      elnem oberen Ende davon mit beatsmmten van 4.
The piezoelectric filter of claim 3, wherein N      den unteren Elektroden
verbunden sind, so equals 4.                                          daiB
kelne zwei nicht benachbarten unteren Elektroden mit irgendeinem der Sockel
verbun- 5. The piezoelectric filter of claim 1, wherein said   den sind.
mounting pedestals are electrically conductive   s0 and provide electrical
coupling to ground.      2. Das piezoelektrische Filter nach Anspruch 1,
worin das piezoelektrische Substrat Im wesent- lichen aus Quarz besteht.
Revendlcatlons s6   3  Das piezoelektrlsche Filter nach Anspruch 2, 1.
FIltre pikzo-4lectrique comprenant:                 worin die
Befestigungssockel jewells ein unter- un substrat piezo-4lectrique
comportnt          es Ende enthalten, und jedes der unteren En- des
surfaces principales opposees supdrieure       den elektrisch mit der Erde
verbunden ist. 5    7                 EP 0 156 808 B1                     8
may of course be utilized for odd order filters        et inffrieure: which
still utilize a minimum number of pedestals.         une pluralite de N
resonateurs placds sur The important consideration, however, remains the
ces surfaces, ou N est un entier superieur t 2, same for either odd or even
order filters; namely      chacun des r6sonateurs comportant une elec- that
no two non-adjacent resonators which by de-   5   trode infdrieure ; et
sign are not intended to be electrically coupled           une pluralite
d'au moins INTC(N + 1)/21 together should be electrically connected to and
supports de montage, chacun etant electrique- grounded through a common
pedestal.                    ment relid a certaines des 4lectrodes
inferieu- It should also be noted that in some cases          res sur une
extr6mit6 sup6rieure de ceux-cl, some, but not all, of the parasitic
attenuation poles   10  de telle sorte que deux electrodes Infdrieures may
actually be desirable if they can be controlled.   non adjacentes ne solent
pas relees a nMlm- in these instances, some of the non-adjacent reso-
porte quels supports. nators may be allowed to electrically couple through
the pedestal while others which are un-     2. Filtre pidzo-6lectrlque
selon la revendicaton 1, desirable may be eliminated by the present tech-
15   dans lequel le substrat plzo-6lectrique est es- nique. The undesired
coupling may be isolated by       sentlellement compose de quartz.
experimentation or computer simulation. 3. Filtre piezo-electrique selon la
revendication 2. dans lequel les supports de montage compor- 20      tent
chacun une extrdmlt6 Inf6eieure, chacune Claims
de ces extr6mits infirieures etant electrique- ment relide a la masse. 1. A
piezoelectric filter, comprising: a plezoelectric substrate including upper
4. Filtre pizo-5lectrique selon la revendlcatlon 3, and lower opposed major
surfaces;          26       dans iequel N est egal a 4. a plurality of N
resonators disposed on said surfaces where N is an integer greater     5.
Filtre piezo-dlectrique selon ta revendication 1, 



than two, each of said resonators including a       dans lequel les
supports de montage sont lower electrode; and
dlectriquement conducteurs et permettent un a plurality of at least INT((N
+  1)/2)  30    couplage dlectrique a la masse. mounting pedestals each
electrically coupled to certain of said lower electrodes on an upper end
thereof, so that no two non-adjacent lower  AnsprUohe electrodes are
coupled to any one of said pedestals.                                35  1.
Emi piezoelekbisches Filter, mit elnem  plezoeletrischem  Substrat, da
sine 2. The piezoelectric filter of claim 1 wherein said   obere und eine
gegenaberilegende untere piezoelectric substrate is composed substan-
Hauptoberflfche enthlt elner Vielzahl N von tially of quartz.
Resonatoren, die auf den Oberflchen ange- 40      ordnet sind, wobei N eine
ganze Zahl grofer 3  The piezoelectric filter of claim 2, wherein said
als 2 Ist und jeder der Resonatoren elne untere mounting pedestals each
include a lower end         Elektrode enthfalt; und and each of said lower
ends is electrically         einer Vielzahl von wenigstens INT (N+1)/2)
coupled to ground.                                  Befestigungesockeln,
die jewells elektisch an 45      elnem oberen Ende davon mit bestimmten von
4. The piezoelectric filter of claim 3, wherein N      den unteren
Elektroden verbunden sind, so equals 4.
dall keine zwei nicht benachbarten unteren Elektroden mit irgendelnem der
Sockel verbun- 5. The piezoelectric filter of claim 1, wherein said   den
sind. mounting pedestals are electrically conductive   s0 and provide
electrical coupling to ground.      2. Das plezoeleklIsche Fitter nach
Anspruch 1, worin das piezoelektrische Substrat Im wesent- lichen aus Quarz
besteht. Revendlcations -s   3. Das plezoelektrische Filter nach Anspruch
2, 1. Filtre plezo-6lectrique comprenant:                 worin die
Befestlgungssockel jewells ein unter- un substrat pizo-dlectrique
comportant          es Ende enthaiten, und jedes der unteren En- des
surfaces principales oppos~es sup6rioure       den elektrisch mit der Erde
verbunden ist. 5  1I!II  111111 HE 11111 11 1111 * C   L   M   S *    9
EP 0 156 808 B1                    10 4. Des piezoeleklische Filter nach
Anspruch 3, worin N glelch 4 Ist. 5 Das piezoelektrische Filter nach
Anspruch 1. worin die Befestigungssockel elektrisch leitend    6 sind und
elne elektrische Verbindung zur Erde gew~hrlelsten. 10 75 20 25 30 35 40 45
50 55    


