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(57) ABSTRACT 

A thin ?lm resonator and method includes a ?rst electrode 

(110) and a second electrode (112) substantially parallel to 
the ?rst electrode (110). An intermediate layer (120) is 
disposed betWeen and coupled to the ?rst and second 
electrode (110, 112). The intermediate layer (120) includes 
a ?rst piezoelectric layer (122), a second piezoelectric layer 
(124), and a spacer layer (130) disposed betWeen the ?rst 
and second piezoelectric layers (122, 124). The spacer layer 
(130) has an acoustic impedance substantially the same as 
the ?rst and second piezoelectric layers (122, 124) and is 
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THIN FILM RESONATOR AND METHOD 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of frequency selection elements, and more particularly to a 
thin ?lm resonator and method. 

BACKGROUND OF THE INVENTION 

[0002] Televisions and radios as Well as cellular phones 
and other Wireless devices all transmit and/or receive radio 
frequency signals. Televisions and radios, for example, 
receive programming from a number of stations in the form 
of radio frequency signals that are transmitted by the sta 
tions. Cellular phones and other tWo-Way Wireless commu 
nication devices communicate With a base station by both 
transmitting and receiving radio frequency signals. The 
radio frequency signals include voice traf?c for a Wireless 
telephone connection or data traffic for a Wireless Internet or 
other netWork connection. 

[0003] Televisions, radios, cellular phones and other Wire 
less devices are each assigned to different radio frequencies 
to alloW simultaneous operation of the devices Within an 
area. Television, for example, receives signals Within the 55 
to 800 megahertZ (MHZ) range While radio receives signals 
Within the 530 to 1,700 kilohertZ (kHZ) range for AM and 
Within the 88 to 108 megahertZ (MHZ) range for FM. 
Cellular phones, in accordance With US. standards, operate 
in the 900 and 1800 megahertZ (MHZ) range. 

[0004] Televisions, radios, cellular phones, and other 
Wireless devices each use radio frequency ?lters to separate 
out unWanted radio frequency traf?c from a desired signal, 
or channel. In particular, televisions and radios use a number 
of ?lters to form a tuner that alloWs each of the received 
stations to be selectively tuned. Cellular phones operate at a 
preset frequency range and include ?lters dedicated to that 
frequency range. In each case, the ?lters discriminate 
betWeen signals based on frequency diversity to provide a 
stable signal for use by the receiving device. 

[0005] Radio frequency ?lters based on resonators are 
constructed from pairs of inductors and capacitors arranged 
in parallel, from crystal resonators and from thin ?lm 
resonators. The inductor and capacitor con?guration reso 
nates in a broad range and therefore provides loW quality 
signal discrimination. Crystal and thin ?lm resonators, on 
the other hand, resonate in a narroW range and therefore 
provide high quality signal discrimination. 

[0006] Crystal resonators include a crystal positioned 
betWeen a pair of posts. Although crystal resonators provide 
high signal discrimination, they are limited to applications 
beloW 500 megahertZ (MHZ) due to crystal thickness limi 
tations. As a result, crystal resonators are not suitable for 
cellular and other loWer ultra high frequency (UHF) appli 
cations in the 300 to 3000 megahertZ (MHZ) range. 

[0007] Thin ?lm resonators are formed on a substrate that 
includes an acoustic re?ector. The acoustic re?ector may be 
formed by an air-gap or a number of re?ecting layers. The 
thin ?lm resonator includes a pieZoelectric layer positioned 
betWeen tWo electrodes. The pieZoelectric layer may com 
prise Zinc oxide (ZnO). Zinc oxide surface acoustic Wave 
(SAW) devices have been developed as thin ?lms on an 
insulator. TV-IF ?lters are produced as Zinc oxide on glass. 
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[0008] The pieZoelectric layer has a thickness that is equal 
to half the target Wavelength for the resonator in order to 
provide the proper resonance in the resonator. At 900 
megahertZ (MHZ), a half-Wavelength is 3.5 microns. 
Because the pieZoelectric layer can only be formed at a sloW 
rate of about 5 microns per hour due to processing limita 
tions, thin ?lm resonators are time consuming and expensive 
to fabricate. In addition, the substantial thickness of the 
pieZoelectric layer for loWer UHF applications causes inter 
nal stress Within the resonator Which leads to Warping, 
bubbling, and cracking defects. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a thin ?lm resona 
tor and method that substantially reduces or eliminates 
disadvantages and problems associated With previously 
developed systems and methods. In particular, the conven 
tional pieZoelectric layer is replaced With a sandWich layer 
of pieZoelectric and non-pieZoelectric material that can be 
quickly deposited to provide a loW cost and high perfor 
mance thin ?lm resonator. 

[0010] In accordance With one embodiment of the present 
invention, a thin ?lm or other suitable acoustic resonator 
comprises a ?rst electrode and a second electrode substan 
tially parallel to one another. An intermediate layer is 
disposed betWeen and coupled to the ?rst and second 
electrodes. The intermediate layer includes a ?rst pieZoelec 
tric layer, a second pieZoelectric layer, and a spacer layer 
disposed betWeen the ?rst pieZoelectric layer and the second 
pieZoelectric layer. The spacer layer has an acoustic imped 
ance substantially the same as that of the ?rst and second 
pieZoelectric layers and comprises a disparate material. 

[0011] More speci?cally, in accordance With a particular 
embodiment of the present invention, the spacer layer has a 
coef?cient of thermal expansion substantially the opposite of 
that of the ?rst and second pieZoelectric layers. In addition, 
the spacer layer may be designed to offset the thermal 
expansion of acoustic re?ectors supporting the resonator. 

[0012] Technical advantages of the present invention 
include providing an improved acoustic resonator and 
improved ?lters employing the acoustic resonators. In par 
ticular, the acoustic resonator includes a sandWich of pieZo 
electric and non-pieZoelectric material betWeen the elec 
trodes. The non-pieZoelectric material is substantially 
uniform in thickness and readily formed during fabrication. 
As a result, thin ?lm and other suitable acoustic resonators 
may be produced at loW-cost. 

[0013] Another technical advantage of the present inven 
tion includes providing an ultra high frequency (UHF) 
acoustic resonator. In particular, the non-pieZoelectric spacer 
has a substantially uniform thickness over a Wide range. As 
a result, the thickness of the resonator may be substantially 
increased to support cellular phone and other UHF applica 
tions. 

[0014] Yet another technical advantage of the present 
invention includes providing a stable acoustic resonator. In 
particular, the spacer layer may be formed of a material 
having an opposite thermal expansion characteristics of the 
pieZoelectric layer and/or the acoustic re?ector. As a result, 
stability of the resonator is increased and the device may be 
con?gured to be insensitive to temperature Within an opera 
tional range. 
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[0015] Still another technical advantage of the present 
invention includes providing an improved on-chip ?lter. In 
particular, a thin ?lm resonator is provided that may be 
readily fabricated directly onto a substrate. The resonator 
may be combined With other resonators to form an on-chip 
?lter and on-chip ?lters combined to form a single-chip 
transceiver. 

[0016] Other technical advantages of the present invention 
Will be readily apparent to one skilled in the art from the 
folloWing ?gures, description, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] For a more complete understanding of the present 
invention and its advantages, reference is noW made to the 
folloWing description taken in conjunction With the accom 
panying draWings, Wherein like reference numerals repre 
sent like parts, and in Which: 

[0018] FIG. 1 is a block diagram illustrating a front end 
transceiver for a radio frequency device in accordance With 
one embodiment of the present invention; 

[0019] FIG. 2 is a block diagram illustrating details of the 
?lters of FIG. 1 in accordance With one embodiment of the 
present invention; 

[0020] FIG. 3 is a cross-sectional diagram illustrating 
details of the thin ?lm resonators of FIG. 2 in accordance 
With one embodiment of the present invention; and 

[0021] FIG. 4 is a How diagram illustrating a method for 
fabricating the thin ?lm resonator of FIG. 3 in accordance 
With one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] FIG. 1 illustrates a front end transceiver 10 for a 
Wireless device in accordance With one embodiment of the 
present invention. In this embodiment, the Wireless device is 
a cellular phone operated in accordance With the American 
standard at the 900 megahertZ (MHZ) range. It Will be 
understood that the acoustic resonators and ?lters of the 
present invention may be used in connection With other 
types of cellular phones, Wireless devices, and other suitable 
devices that receive, transmit and/or use radio frequency 
signals. 
[0023] Referring to FIG. 1, the front end transceiver 10 
includes an antenna 12, a dipleXer 14 including a receive 
?lter 16, a transmit ?lter 18, and a poWer divider, a line 
ampli?er 20, an image rejection ?lter 22, a miXer 24, and a 
voltage controlled oscillator (VCO) ?lter 26. As described in 
more detail beloW, one or more of the ?lters 16, 18, 22 and 
26 may comprise thin ?lm resonators having loW insertion 
loss at radio frequencies. In this embodiment, the ?lters 16, 
18, 22 and/or 26 may be fabricated on-chip, directly onto an 
underlying substrate to form a single chip radio. Accord 
ingly, signal degradation of bond Wire connections and bond 
pad capacitance associated With off-chip ?lters are elimi 
nated. 

[0024] The antenna 12 sends and receives signals to and 
from the poWer divider of the dipleXer 14. The dipleXer 14 
sends an incoming signal through the receive ?lter 16 Which 
?lters out television, satellite communication and radio 
frequencies in the cellular phone application. The transmit 
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?lter 18 receives and ?lters outbound signals to be trans 
mitted from the cellular phone to a base station. For incom 
ing signals, the receive ?lter 16 passes the resulting band 
limited signal to the loW noise ampli?er 20. From the loW 
noise ampli?er 20, the signal is passed to the image rejection 
?lter 22. The image rejection ?lter 22 suppresses pager, 
police radio and other thermal noise at the miXer 24 and 
local oscillator image frequency. 

[0025] From the image rejection ?lter 22, the further 
bandWidth limited signal is passed to the mixer 24. The 
miXer 24 also receives a signal from the voltage controlled 
oscillator (VCO) ?lter 26 that is coupled to the VCO and 
implemented to remove synthesiZer spurs. The resulting 
in-band signal is output to the intermediate frequency (IF) 
chain 28 for use by the cellular device. 

[0026] For the 900 megahertZ (MHZ) cellular phone, the 
front end transceiver 10 may employ the IS-95, IS-136, or 
GSM standards. For the IS-95 and IS-136 standards, the 
receive ?lter 16 operates in the 869-894 MHZ range, the 
transmit ?lter 18 operates in the 824-849 MHZ range, the 
image rejection ?lter 22 operates in the 869-894 MHZ range, 
and the voltage controlled oscillator ?lter 26 operates in the 
940-965 MHZ range. For the GSM standard, the receive 
?lter 16 operates in the 935-960 MHZ range, the transmit 
?lter 18 operates in the 890-915 MHZ range, the image 
rejection ?lter 22 operates in the 935-960 MHZ range, and 
the voltage controlled oscillator ?lter 26 operates in the 
1,006-1,031 MHZ range. The receive and transmit ?lters 16 
and 18 are each 25 MHZ Wide. 

[0027] FIG. 2 illustrates details of a ?lter 50 for the front 
end transceiver 10 in accordance With one embodiment of 
the present invention. In this embodiment, the ?lter 50 is a 
ladder ?lter comprising a plurality of acoustic resonators 54 
and 56. The ladder ?lter may be used for the receive ?lter 16, 
transmit ?lter 18, image rejection ?lter 22 and/or the voltage 
controlled oscillator ?lter 26 of the front-end receiver 10. 
The ladder ?lter 50 may also be used in television, radio, 
Wireless, and other suitable devices that use radio frequency 
signals. 

[0028] Referring to FIG. 2, the ladder ?lter 50 includes a 
plurality of serial resonators 54 and a plurality of parallel 
resonators 56. The serial resonators 54 are connected in 
series betWeen an input terminal 60 and an output terminal 
62 to de?ne a series arm. The parallel resonators 56 are each 
respectively connected in parallel betWeen the series arm 
and a ground potential to de?ne a parallel arm. 

[0029] In the ladder ?lter 50, the resonant frequencies of 
the serial resonators 54 are constructed to be coincidental 
With the anti-resonant frequencies of the parallel resonators 
56. Thus, the ladder ?lter 50 comprises a pass band de?ned 
by the anti-resonant frequency of the serial resonator 54 and 
the resonant frequencies of the parallel resonators 56. The 
frequency and other properties of the individual serial and 
parallel resonators 54 and 56 may be varied according to the 
particular desired function for the ?lter 50. 

[0030] FIG. 3 illustrates details of acoustic resonator 100 
for use in the ladder or other suitable ?lter in accordance 
With one embodiment of the present invention. In this 
embodiment, the acoustic resonator 100 is a thin ?lm 
resonator formed on-chip, directly on an acoustic re?ector 
102 that itself is formed directly on an underlying substrate 
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104. In accordance With a particular embodiment, the sub 
strate 104 comprises silicon or other suitable semiconductor 
material and the acoustic re?ector 102 comprises alternating 
layers having loW and high acoustic impedance such as 
silicon dioxide (SiO2) and tungsten Further informa 
tion regarding the structure and materials of the acoustic 
re?ector 102 is described in co-oWned U.S. patent applica 
tion Ser. No. , ?led Jan. 18, 2000 entitled Multiple 
Frequency Acoustic Re?ector Array and Monolithic Cover 
for Resonators and Method, Which is hereby incorporated by 
reference. In this embodiment, the resonator 100 is a solidly 
mounted resonator. It Will be understood that the resonator 
100 may be via-isolated, air-gap isolated, or otherWise 
suitably supported by and acoustically isolated from any 
necessary substrate. 

[0031] Referring to FIG. 3, the thin ?lm resonator 100 
includes a ?rst electrode 110 disposed outWardly of the 
acoustic re?ector 102. A second electrode 112 is substan 
tially parallel to or co-planer With, and spaced apart from the 
?rst electrode 110 to provide the necessary quality factor. 
For a one gigahertZ (GHZ) application in Which the resonator 
100 has a quality factor of 1,000, the distance betWeen the 
?rst and second electrodes 110 and 112 vary by 50 ang 
stroms or less over the area of the resonator. The ?rst and 
second electrodes 110 and 112 comprise metal or other 
suitable conductive material conventionally deposited. In a 
particular embodiment, the electrodes 110 and 112 each 
comprise aluminum and are betWeen 0.1 and 1 micron thick. 

[0032] An intermediate, or resonating, layer 120 is dis 
posed betWeen and coupled to the ?rst and second electrodes 
110 and 112. The intermediate layer includes a ?rst pieZo 
electric layer 122 coupled to the ?rst electrode 110, a second 
pieZoelectric layer 124 coupled to the second electrode 112 
and a spacer, or interstitial, layer 130 disposed betWeen the 
?rst and second pieZoelectric layers 122 and 124. To provide 
resonance, the intermediate layer 120 has a thickness that is 
a half Wave length of a target frequency for the resonator 
100. Thus, for a 900 MHZ acoustic resonator, the interme 
diate layer 120 has a half-Wavelength thickness of approxi 
mately 3.5 microns. 

[0033] The ?rst and second pieZoelectric layers 122 and 
124 each have a substantially uniform and shalloW thickness 
to provide stability and minimiZe Warping, bubbling, crack 
ing or other defects. In one embodiment, the ?rst and second 
pieZoelectric layers 122 and 124 are each about a half 
micron in thickness to provide good resonator performance 
While minimiZing pieZoelectric thickness, Which using con 
ventional sputter techniques, has a deposition rate of about 
5 microns per hour. The thickness of the ?rst and second 
pieZoelectric layers 122 and 124 may be suitably adjusted to 
control the quality factor for the resonator 100. This inde 
pendent control of the pieZoelectric layer thickness provides 
an additional design factor for optimiZing resonator 100 
performance. The intermediate or resonating layer material 
comprises Zinc oxide (ZnO), aluminum nitride (ALN), sili 
con nitride (SiN), gallium arsenide (GaAs), tungsten (W), or 
other suitable materials having acceptable electromechani 
cal coupling coef?cients. 

[0034] The spacer 130 is substantially uniform in thick 
ness and may comprise the bulk of the thickness of the 
intermediate layer 120 depending on the frequency of the 
resonator 100. The spacer layer 130 should be formed from 
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a material that can be deposited at a relatively high rate and 
at a substantially uniform thickness up to three or more 

microns. In addition, the material of the spacer layer 130 
should have an acoustic impedance that matches or is 
substantially the same as that of the pieZoelectric layers 122 
and 124. The acoustic impedance of the layers 122, 124, and 
130 are substantially the same When they are Within tWenty 
(20) percent of one another. In addition, to provide stability 
for the resonator and the ?lter 50, the thermal expansion 
characteristics of the spacer 130 should be opposite the 
thermal expansion characteristics of the pieZoelectric layers 
122 and 124. Aluminum nitride (ALN), for example, has a 
thermal expansion coef?cient of 28 ppm/° C. While Zinc 
oxide (ZnO) has a thermal expansion coef?cient of 60 ppm/° 
C. Materials have an opposite thermal expansion coef?cient 
When layers made from the materials form a structure that is 
largely insensitive to temperature at least at room tempera 
ture. Preferably, the device is at most quadratic With tem 
perature and has a Zero slope at room temperature. Materials 
for the spacer layer 130 include silicon dioxide (SiO2) and 
aluminum 

[0035] FIG. 4 is a ?oW diagram illustrating a method for 
fabricating the thin ?lm resonator 100 in accordance With 
one embodiment of the present invention. In this embodi 
ment, the resonator 100 is formed on-chip directly onto the 
acoustic re?ector 102. It Will be understood that the acoustic 
resonator may be formed on other suitable supports Without 
departing from the scope of the present invention. 

[0036] Referring to FIG. 4, the method begins at step 150 
in Which the substrate 104 is provided. The substrate 104 
may comprise silicon, other semiconductor, or other suitable 
support material. Next, at step 152, the acoustic re?ector 102 
is formed outWardly of the substrate 104. The acoustic 
re?ector 102 may be formed as described in US. patent 
application entitled “Multiple Frequency Acoustic Re?ector 
Array and Monolithic Cover for Resonators and Method” 
previously incorporated by reference. 

[0037] Proceeding to step 154, the ?rst electrode 110 is 
conventionally deposited outWardly of the acoustic re?ector 
102. At step 156, the ?rst pieZoelectric layer 122 is deposited 
outWardly of the ?rst electrode 110 using a conventional 
sputter or other suitable process. At step 158, the spacer 
layer 130 is deposited outWardly of the ?rst pieZoelectric 
layer 122. The spacer layer 130 is deposited by DC plasma 
magnetron reactive sputtering system, electron cyclotron 
resonance-chemical vapor deposition (ECR-CVD), and 
other suitable processes. 

[0038] Next, at step 160, the second pieZoelectric layer 
124 is deposited outWardly of the spacer layer 130. Together, 
the ?rst and second pieZoelectric layers 122 and 124 along 
With the spacer layer 130 form a substantially uniform 
intermediate layer 130 and have a thickness of an acoustic 
half-Wavelength of the desired frequency for the resonator 
100. At step 162, the second electrode layer 112 is conven 
tionally deposited outWardly of the second pieZoelectric 
layer 124. 

[0039] Proceeding to step 164, the deposited layers are 
suitably patterned and etched or otherWise suitably pro 
cessed to remove excess material and form the thin ?lm 
resonator 100. In this Way, a loW-cost and high-performance 
thin ?lm resonator 100 is fabricated for use in radio ?lters 
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for televisions, radios, cellular phones, Wireless devices and 
other suitable devices that transmit, receive, and/or use radio 
frequency signals. 
[0040] Although the present invention has been described 
as several ernbodirnents, various changes and rnodi?cations 
may be suggested to one skilled in the art. It is intended that 
the present invention encornpass such changes and rnodi? 
cations as fall Within the scope of the appended claims. 

What is claimed is: 
1. An acoustic resonator, comprising: 

a ?rst electrode; 

a second electrode substantially parallel to the ?rst elec 
trode; 

an intermediate layer disposed betWeen and coupled to the 
?rst and second electrodes; 

the intermediate layer comprising a ?rst pieZoelectric 
layer, a second pieZoelectric layer, and a spacer dis 
posed betWeen the ?rst pieZoelectric layer and the 
second pieZoelectric layer; and 

the spacer layer having an acoustic irnpedance substan 
tially the same as that of the ?rst and second pieZo 
electric layers and comprising a disparate material. 

2. The acoustic resonator of claim 1, the resonator corn 
prising a thin ?lrn resonator. 

3. The acoustic resonator of claim 1, the intermediate 
layer comprising a thickness substantially an acoustic half 
Wavelength of a target Wavelength for the resonator. 

4. The acoustic resonator of claim 1, the spacer layer 
comprising a non-pieZoelectric material. 

5. The acoustic resonator of claim 1, the ?rst and second 
pieZoelectric layers each comprising a thickness of about a 
half rnicron or less. 

6. The acoustic resonator of claim 1, the spacer further 
comprising silicon dioxide (SiOZ). 

7. The acoustic resonator of claim 1, the spacer cornpris 
ing a coefficient of thermal expansion substantially the 
opposite as that of the ?rst and second pieZoelectric layers. 

8. The acoustic resonator of claim 1, the intermediate 
layer further comprising a thickness of at least three 
rnicrons. 

9. The acoustic resonator of claim 1, the ?rst pieZoelectric 
layer disposed adjacent to the ?rst electrode and the second 
pieZoelectric layer disposed adjacent to the second elec 
trode. 

10. A method for fabricating an acoustic resonator, corn 
prising: 

disposing an intermediate layer betWeen a ?rst electrode 
and a second electrode; 

including a spacer betWeen a ?rst pieZoelectric layer and 
a second pieZoelectric layer of the intermediate layer; 
and 

substantially rnatching an acoustic impedance of the 
spacer to that of the ?rst and second pieZoelectric 
layers. 

11. The method of claim 10, Wherein the acoustic reso 
nator is a thin ?lrn resonator. 

12. The method of claim 10, Wherein the intermediate 
layer comprises a thickness substantially an acoustic half 
Wavelength of a target Wavelength for the acoustic resonator. 
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13. The method of claim 10, Wherein the spacer comprises 
a non-pieZoelectric material. 

14. The method of claim 10, Wherein the ?rst and second 
pieZoelectric layer each comprising a thickness of about a 
half rnicron or less. 

15. The method of claim 10, Wherein the spacer cornprises 
silicon dioxide (SiO2) 

16. The method of claim 10, further comprising rnis 
matching the coef?cient of thermal expansion of the spacer 
to that of the ?rst and second pieZoelectric layers. 

17. The method of claim 10, Wherein the intermediate 
layer comprises a thickness greater than three rnicrons. 

18. The method of claim 10, further comprising disposing 
the ?rst pieZoelectric layer adjacent to the ?rst electrode and 
disposing the second pieZoelectric layer adjacent to the 
second electrode. 

19. A thin ?lrn resonator, comprising: 

a ?rst electrode; 

a second electrode substantially parallel to and spaced 
apart from the ?rst electrode; 

an intermediate layer disposed betWeen and coupled to the 
?rst and second electrodes and having a thickness 
substantially an acoustic half-Wavelength of a target 
frequency for the thin ?lrn resonator; 

the intermediate layer comprising a ?rst pieZoelectric 
layer adjacent to the ?rst electrode, a second pieZoelec 
tric layer adjacent to the second electrode, and a spacer 
layer disposed betWeen the ?rst and second pieZoelec 
tric layer; and 

the spacer layer comprising a non-pieZoelectric material 
and having an acoustic irnpedance substantially the 
same as that of the ?rst and second pieZoelectric layers. 

20. The thin ?lrn resonator of claim 19, Wherein the thin 
?lrn resonator is a 900 rnegahertZ (MHZ) resonator and the 
intermediate layer has a thickness of approximately 3.5 
microns. 

21. The thin ?lrn resonator of claim 19, the ?rst and 
second pieZoelectric layers cornprising Zinc oxide (ZnO) and 
the spacer layer comprises silicon dioxide (SiOZ). 

22. A method for fabricating a thin ?lrn resonator, corn 
prising: 

forrning a ?rst electrode layer outWardly of an acoustic 
re?ector; 

forming a ?rst pieZoelectric layer outWardly of the ?rst 
electrode layer; 

forming a spacer layer outWardly of the ?rst pieZoelectric 
layer, the spacer layer having acoustic irnpedance sub 
stantially the same as that of the ?rst pieZoelectric layer 
and a second pieZoelectric layer; 

forming the second pieZoelectric layer outWardly of the 
spacer layer; 

forming a second electrode layer outWardly of the second 
pieZoelectric layer; and 

patterning and etching one or more of the ?rst electrode 
layer, ?rst pieZoelectric layer, spacer layer, second 
pieZoelectric layer, and second electrode layer to form 
the thin ?lrn resonator outWardly of the acoustic re?ec 
tor. 
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23. The method of claim 22, wherein a coef?cient of 
thermal expansion of the spacer layer is opposite that of the 
?rst and second piezoelectric layer. 

24. The method of claim 22, Wherein the ?rst and second 
pieZoelectric layers cornprise Zinc oxide (ZnO) and the 
spacer layer comprises silicon dioxide (SiOZ). 

25. An integrated circuit chip including a plurality of 
on-chip ?lters, at least one of the ?lters comprising a thin 
?lrn resonator, the thin ?lrn resonator comprising: 

a ?rst electrode; 

a second electrode substantially parallel to the ?rst elec 
trode; 

an intermediate layer disposed betWeen and coupled to the 
?rst and second electrode; 

the intermediate layer comprising a ?rst pieZoelectric 
layer, a second pieZoelectric layer, and a spacer layer 
disposed betWeen the ?rst pieZoelectric layer and the 
second pieZoelectric layer; and 
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the spacer layer having an acoustic irnpedance substan 
tially the same as that of the ?rst and second pieZo 
electric layers and comprising a disparate material. 

26. The integrated circuit chip of claim 25, the interme 
diate layer comprising a thickness substantially a half 
Wavelength of a target frequency for the thin ?lrn resistor. 

27. The integrated circuit chip of claim 25, the spacer 
layer comprising a non-pieZoelectric material. 

28. The integrated circuit chip of claim 25, the ?rst and 
second pieZoelectric layers each comprising a thickness of 
about a half rnicron or less and the intermediate layer 
comprising a thickness of about three rnicrons or more. 

29. The integrated circuit chip of claim 25, the spacer 
layer comprising a coef?cient of thermal expansion substan 
tially opposite of that of the ?rst and second pieZoelectric 
layers. 

30. The integrated circuit chip of claim 25, further corn 
prising the ?rst pieZoelectric layer disposed adjacent to the 
?rst electrode and the second pieZoelectric layer disposed 
adjacent to the second electrode. 

* * * * * 


