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METHOD AND SYSTEM FOR WAFER-LEVEL 
TUNING OF BULK ACOUSTIC WAVE 

RESONATORS AND FILTERS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to bulk 
acoustic Wave resonators and ?lters and, more particularly, 
to the tuning of such resonators and ?lters. 

BACKGROUND OF THE INVENTION 

[0002] It is knoWn that a bulk acoustic-Wave (BAW) 
device is, in general, comprised of a pieZoelectric layer 
sandwiched betWeen tWo electronically conductive layers 
that serve as electrodes. When a radio frequency (RF) signal 
is applied across the device, it produces a mechanical Wave 
in the pieZoelectric layer. The fundamental resonance occurs 
When the Wavelength of the RF signal is about tWice the 
thickness of the pieZoelectric layer. Although the resonant 
frequency of a BAW device also depends on other factors, 
the thickness of the pieZoelectric layer is the predominant 
factor in determining the resonant frequency. As the thick 
ness of the pieZoelectric layer is reduced, the resonant 
frequency is increased. BAW devices have traditionally been 
fabricated on sheets of quartZ crystals. In general, it is 
dif?cult to achieve a device of high resonant frequency using 
this fabrication method. Fabricating BAW devices by depos 
iting thin-?lm layers on passive substrate materials, one can 
extend the resonant frequency to the 0.5-10 GHZ range. 
These types of BAW devices are commonly referred to as 
thin-?lm bulk acoustic resonators or FBARs. There are 
primarily tWo types of FBARs, namely, BAW resonators and 
stacked crystal ?lters (SCFs). The difference betWeen these 
tWo types of devices lies mainly in their structures. An SCF 
usually has tWo or more pieZoelectric layers and three or 
more electrodes, With some electrodes being grounded. 
FBARs are usually used in combination to produce passband 
or stopband ?lters. The combination of one series FBAR and 
one parallel FBAR makes up one section of the so-called 
ladder ?lter. The description of ladder ?lters can be found, 
for example, in Ella (US. Pat. No. 6,081,171). As disclosed 
in Ella, a FBAR-based device may have one or more 
protective layers commonly referred to as the passivation 
layers. Atypical FBAR-based device is shoWn in FIG. 1. As 
shoWn in FIG. 1, the FBAR device 1 comprises a substrate 
2, a bottom electrode 4, a pieZoelectric layer 6, a top 
electrode 8 and a passivation layer 10. The FBAR device 1 
may additionally include an acoustic mirror layer 12, Which 
is comprised of a layer 16 of high acoustic impedance 
sandWiched betWeen tWo layers 14 and 18 of loW acoustic 
impedance. The mirror usually, but not alWays, consists of 
pairs of high and loW impedance layers (even number of 
layers). Some mirror consists of tWo pairs of such layers 
arranged in a sequence like SiO2, W, SiO2, W. Instead of the 
mirror, a FBAR device may additionally include one or more 
membrane layers of SiO2 and a sacri?cial layer. The sub 
strate 2 can be made from silicon (Si), silicon dioxide 
(SiO2), Galium Arsenide (GaAs), glass, or ceramic materi 
als. The bottom electrode 4 and top electrode 8 can be made 
from gold (Au), molybdenum (Mo), aluminum (Al), tita 
nium (Ti) or other electrically conductive materials. The 
pieZoelectric layer 6 can be made from Zinc oxide (ZnO), 
Zinc sul?de (ZnS), aluminum nitride (AIN), lithium tantalate 
(LiTaO3) or other members of the so-called lead lanthanum 
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Zirconate titanate family. The passivation layer can be made 
from SiO2, Si3N4 or polyimide. The loW acoustic imped 
ance layers 14 and 18 can be made from Si, SiO2, poly 
silicon, Al or a polymer. The high acoustic impedance layer 
16 can be made from Au, M0 or tungsten (W), and in some 
cases, dielectric such as AIN to make a number of layer 
pairs. FBAR ladder ?lters are typically designed so that the 
series resonators yield a series resonance at a frequency that 
is approximately equal to, or near, the desired, or designed, 
center frequency of the respective ?lters. Similarly, the 
shunt, or parallel, resonators yield a parallel resonance at a 
frequency slightly offset from the series FBAR resonance. 
The series resonators are usually designed to have their 
maximum peak in transmission at the center frequency, so 
that signals are transmitted through the series resonators. In 
contrast, the parallel resonators are designed to have their 
minimum in transmission so that signals are not shorted to 
ground. FBARs yield parallel resonance and series reso 
nance at frequencies that differ by an amount that is a 
function of a pieZoelectric coef?cient of the pieZoelectric 
materials used to fabricate the devices, in addition to other 
factors such as the types of layers and other materials 
employed Within in the device. In particular, FBAR ladder 
?lters yield passbands having bandWidths that are a function 
of, for example, the types of materials used to form the 
pieZoelectric layers of the resonators and the thickness of 
various layers in the device. 

[0003] The difference in the thickness in various layers in 
the device can be achieved during the fabrication of the 
device. Presently, FBARs are fabricated on a glass substrate 
or a silicon Wafer. The various layers in the FBAR-based 
device are sequentially formed by thin-?lm deposition. In an 
FBAR-based device, the resonant frequency of the device 
usually has to be controlled to Within a 02-05% tolerance. 
This means that the thickness of each layer in the device 
must be controlled in the same Way. It is knoWn that, 
hoWever, the deposition of thin-?lm layers is dif?cult to 
control to yield a thickness Within such tolerance When the 
area of substrate or Wafer is large. For that reason, manu 
facturers of FBAR-based devices use Wafers of 4 inches or 
less in diameter for device fabrication. With a small Wafer or 
substrate, certain thickness non-uniformity can be accepted 
Without losing many components due to the operation fre 
quency being out of speci?cation. HoWever, fabricating 
devices on small Wafers or substrates is less cost-effective 
than doing the same on large substrates. In the case of using 
large substrates, the problem associated With thickness non 
uniformity becomes acute. 

[0004] Thus, it is advantageous and desirable to provide a 
method and system to solve the problem associated With 
thickness non-uniformity in the fabrication of FBAR-based 
devices on large substrates or Wafers. 

SUMMARY OF THE INVENTION 

[0005] It is a primary object of the present invention to 
provide a method and system for achieving the desired 
resonant frequency of the device Within a certain tolerance. 
This object can be achieved by correcting for the thickness 
non-uniformity of the devices fabricated on large substrates. 
The thickness variations can be corrected by selectively 
removing material from or adding material to the surface 
area of a Wafer (With one or more layers of the device 
already deposited thereon), or die, before the Wafer is cut 
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into individual chips. In that context, the bulk acoustic Wave 
device, as described herein, refers to the entire Wafer or 
substrate that has one or more layers deposited thereon to 
form one or more individual chips, or part of such Wafer or 
substrate. Moreover, the bulk acoustic Wave devices referred 
to herein include bulk acoustic Wave resonators, stacked 
crystal ?lters, any combination of the resonators and ?lters, 
and the structural variations of the resonators and ?lters. 
Furthermore, although one or more layers are already 
formed on the substrate, the device may or may not have all 
the necessary layers or the patterns of the layers. For 
eXample, the topmost layer on the substrate may be the 
pieZoelectric layer, the top electrode or another layer. 

[0006] Thus, according to the ?rst aspect of the present 
invention, a method of tuning a bulk acoustic Wave device 
comprising a substrate and a plurality of acoustic Wave 
generating and controlling layers formed on the substrate, 
Wherein the device has a surface and a thickness, and 
Wherein the device has an operating frequency Which varies 
partly With the thickness of the device and the operating 
frequency can be adjusted by changing the thickness of the 
device. The method comprises the steps of: 

[0007] providing, adjacent to the device, a mask 
having an aperture; 

[0008] providing a beam of particles through the 
aperture for alloWing the particles to make contact 
With the surface of the device in a contacting area 
substantially de?ned by the aperture for changing the 
thickness of the device; and 

[0009] relocating the aperture of the mask substan 
tially in a lateral direction relative to the device 
surface for changing the contacting area. 

[0010] It is preferred that the aperture be larger than one 
individual chip or a single resonator or ?lter so that a 
sufficiently large portion of the device surface is eXposed to 
the beam at once. It is possible, hoWever, to have a small 
aperture so that only one or tWo chips or a portion of a chip 
on the device is exposed to the beam simultaneously. 

[0011] It is preferable to change the thickness by adding 
the particles to the contacting area of the device surface. It 
is also possible to change the thickness by using the particles 
to remove part of the device surface at the contacting area in 
a drying etching process. 

[0012] It is preferable to change the thickness of the 
device by changing the thickness of the pieZoelectric layer. 
It is also possible to change the thickness of the top electrode 
or the passivation layer. 

[0013] Preferably, prior to thickness adjustment, the Wafer 
is mapped to determine the non-uniformity pro?le of the 
device surface. Such mapping can be carried out by mea 
suring the frequency of localiZed areas of the device, or by 
measuring the thickness of the layer stack. From the map 
ping result, it is possible to calculate the amount of material 
to be added to or removed from the device surface as a 
function of location. 

[0014] It is understood that if the thickness of the pieZo 
electric layer is adjusted according to the described method, 
then a top electrode layer is deposited on the pieZoelectric 
layer after the thickness adjustment. It may be necessary to 
adjust the thickness of the top electrode layer using the same 
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method. Additionally, a patterning step is usually necessary 
to produce a desired pattern for the electrode layer. The 
patterning step is not part of the present invention. Further 
more, if a passivation layer is deposited on top of the 
patterned top-electrode layer, it may be necessary to adjust 
the thickness of the passivation layer. Thus, the thickness 
adjustment steps, according to the present invention, may be 
carried out one or more times for tuning the entire device, if 
necessary. 

[0015] According to the second aspect of the present 
invention, a system for tuning a bulk acoustic Wave device 
comprising a substrate and a plurality of acoustic Wave 
generating and controlling layers formed on the substrate, 
Wherein the device has a surface and a thickness, and 
Wherein the bulk acoustic Wave device has an operating 
frequency, Which varies partly With a thickness of the device, 
and the operating frequency can be adjusted by changing the 
thickness of the device. The system comprises: 

[0016] a mask having an aperture located adjacent to 
the device; 

[0017] a source for providing a beam of particles 
through the aperture for alloWing the particles to 
make contact With the device surface in a contacting 
area about the aperture for changing the thickness of 
the device and means, for relocating the aperture of 
the mask substantially in a lateral direction relative 
to the device surface for changing the contacting 
area. 

[0018] Preferably, the system also comprises a mechanism 
of mapping the thickness non-uniformity pro?le of the 
device surface prior to adjusting the thickness. Preferably, 
the mapping mechanism comprises a frequency measure 
ment device for measuring the frequency at different loca 
tions of the device surface. It is also possible to use a 
thickness measurement device to determine the amount of 
material to be added or removed at different locations. 

[0019] The present invention Will become apparent upon 
reading the description taken in conjunction With FIGS. 2 to 
9. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a cross sectional side vieW of a typical 
bulk acoustic Wave device illustrating a plurality of layers 
formed on a substrate. 

[0021] FIG. 2 is a diagrammatic representation illustrating 
a thickness adjustment system for adding material onto the 
topmost layer of a bulk acoustic Wave device, according to 
the present invention. 

[0022] FIG. 3 is a diagrammatic representation illustrating 
a bulk acoustic Wave device after thickness adjustment by 
adding material from the topmost surface. 

[0023] FIG. 4 is a diagrammatic representation illustrated 
a bulk acoustic Wave device that has one or more layers 
fabricated over top of the modi?ed layer. 

[0024] FIG. 5 is a diagrammatic representation illustrating 
a thickness adjustment system for removing material from 
the topmost layer of a bulk acoustic Wave device, according 
to the present invention. 
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[0025] FIG. 6 is a diagrammatic representation illustrating 
a bulk acoustic Wave device after thickness adjustment by 
removing material from the topmost surface. 

[0026] FIG. 7a is a diagrammatic representation illustrat 
ing a system for mapping a bulk acoustic Wave device by 
measuring the resonant frequency, according the present 
invention. 

[0027] FIG. 7b is a diagrammatic representation illustrat 
ing a system for mapping a bulk acoustic Wave device by 
measuring the physical thickness of the device, according to 
the present invention. 

[0028] FIG. 8 is a thickness chart illustrating the non 
uniformity thickness pro?le of a Wafer With a plurality of 
acoustic Wave generator and control layers fabricated 
thereon. 

[0029] FIG. 9 is a How chart illustrating the steps for 
tuning a bulk acoustic Wave device, according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] Referring to FIG. 2, the thickness adjustment sys 
tem 30 comprises a material source 40 to provide added 
material to a thin-?lm bulk acoustic device 60 fabricated on 
a Wafer or substrate 62. The layers on top of the substrate 62 
are collectively referred to as the upper layers and denoted 
by reference numeral 64. The upper layers 64 have a top 
surface 66. As shoWn in FIG. 2, the thickness of the upper 
layers is not uniform. It should be understood that the bulk 
acoustic device 60 may comprise a plurality of individual 
BAW chips (not shoWn) each containing one or more 
resonators and ?lters. Because of the thickness non-unifor 
mity of the surface 66, some of the individual BAW chips 
may not meet a speci?cation regarding their resonant fre 
quency. Thus, these individual BAW chips must be tuned. 
TWo tuning methods are disclosed herein. The ?rst method 
involves adding material to the upper surface 66 to ?ll in the 
thinner areas of the upper layers 64. The other method 
involves removing part of the upper surface 66, as described 
in conjunction With FIGS. 5 and 6 beloW. The material 
source 40 is used to provide a beam of particles collectively 
denoted by reference numeral 42. A mask 50 having an 
opening or aperture 52 is placed over the bulk acoustic 
device 60 so that only a portion 42‘ of the beam 42 can reach 
the upper surface 66 in a controlled manner. The mask 50 is 
moved by a moving mechanism 58 in a lateral direction 
relative to the upper surface 66, as denoted by the arroW 54, 
so that the entire surface area of the upper layers 64 can be 
eXposed to the particle beam 42 if necessary. It is preferred 
that the thickness of the device 60, or the topography of the 
upper surface 66, is mapped by a mapping mechanism (FIG. 
7a and 7b) to determine the non-uniformity pro?le of the 
device 60. It is preferred that the non-uniformity pro?le is 
determined from measuring the resonant frequency at dif 
ferent surface localities of the device 60, but it is possible to 
measure the thickness by a thickness measuring means. The 
non-uniformity pro?le of a Wafer (With one or more bulk 
acoustic generation and control layers fabricated thereon) is 
shoWn in FIG. 8. Based on the non-uniformity pro?le, it is 
possible to control the movement of the mask 60 by pro 
gramming the moving mechanism 58, so that the “dWell 
time” of the aperture at each location over the upper surface 
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66 is determined based on the amount of material to be 
added onto the surface at that location. As shoWn, the 
thickness pro?le is denoted by reference numeral 154 and 
the control program is denoted by reference numeral 152. A 
thickness map representing the non-uniformity pro?le 154 
of a pieZoelectric layer across a Wafer 60 s shoWn in FIG. 
8. It is preferred that the particle ?uX of the beam 42 is 
substantially constant during the thickness adjustment pro 
cess. It is also possible, hoWever, to vary the ?uX of the beam 
42 according to the non-uniformity pro?le. 

[0031] FIG. 3 illustrates an adjusted bulk acoustic device 
60‘. As shoWn, a layer of added material 70 on top of the 
upper layers 64 renders the thickness of the device 60‘ 
substantially uniform throughout the device. It is preferred 
that the added material is the same as the material of the 
layer directly beneath it. For eXample, if the topmost layer 
of the upper layers 60‘ is a passivation layer When the device 
60 is subject to thickness adjustment, it is preferable to use 
the same passivation material for the particle beam 42. 
HoWever, this practice is only preferred, not necessary. 

[0032] It should be noted that, among the different layers 
in a FBAR-based device, the thickness pro?le of the pieZo 
electric layer may be the most important factor that deter 
mines Whether the device meets its speci?cation. As shoWn 
in FIG. 1, the topmost layer of a bulk acoustic device 
usually is not a pieZoelectric layer. It is, hoWever, possible 
to adjust the thickness of the pieZoelectric layer in a manner, 
as described in conjunction With FIGS. 2 and 3, and then 
add more layers on top of the adjusted pieZoelectric layer to 
complete the device fabrication process. As shoWn in FIG. 
4, one or more layers 68 can be formed over the adjusted 
upper layer 64. Furthermore, if the thickness of the neW 
layers 68 is not uniform such that it affects the overall 
performance of the device, it is possible to adjust the 
thickness of the neW layer 68, using the same process if so 
desired. 

[0033] FIG. 5 illustrates a different thickness adjustment 
system 32. Instead of using a material source 40 for adding 
material on the upper layers 64, it is possible to use an 
etching apparatus 80 to remove part of the upper surface 66 
of the device 60. For eXample, it is possible to use an ion 
beam etching (IBE) apparatus or a reactive ion beam (RIBE) 
apparatus to provide a beam of ions 82 over the mask 50, 
such that a portion 82‘ of the beam 80 can make contact With 
the upper surface 66 through the aperture 52. The ion beam 
portion 82‘ is used to remove the eXcess portion 72 of the 
upper surface 66. Besides IBE and RIBE, other etching 
techniques, such as sputtering and laser ablation, can also be 
used to surface thickness adjustment through the aperture 52 
of the mask 50. The modi?ed device 60“ is shoWn in FIG. 
6. As shoWn, the upper layer 64‘, after adjustment, is thinner 
than the original upper layer 64. Thus, When an etching 
apparatus 80 is used for surface thickness adjustment, the 
upper layer 64 should be made thicker than the speci?ed or 
targeted thickness. On the contrary, When a material source 
40 is used for surface adjustment, as shoWn in FIG. 2, the 
upper layer 64 should be made thinner than the speci?ed or 
targeted thickness. 

[0034] Prior to thickness adjustment using a material 
source 40, as shoWn in FIG. 2, or an etching apparatus 80, 
as shoWn in FIG. 5, it is preferred that the thickness pro?le 
be mapped. It is preferable to use a frequency measurement 
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apparatus 84 to perform localized measurement of the 
resonant frequency of the device 60. It may be necessary to 
measure the resonant frequency of the individual resonators 
and ?lters of the device 60. It should be noted that, in order 
to measure the resonant frequency of those components, it is 
necessary to form and pattern the top electrode layer on the 
Wafer. Base on the frequency pro?le 150, it is possible to 
calculate the amount of material to be removed from or 
added on the upper surface 66. As shoWn in FIG. 7a, the 
pro?le mapping system 34 comprises a frequency measure 
ment apparatus 84, and a moving mechanism 88 for moving 
the frequency measurement apparatus 84 relative to the 
device 60 for obtaining the frequency pro?le 150 of the 
surface. From the frequency pro?le 150 it is possible to 
obtain the thickness non-uniformity pro?le 154 (FIGS. 2 
and 5). 

[0035] FIG. 7b is a diagrammatic representation illustrat 
ing a system 36 for mapping a bulk acoustic Wave device by 
measuring the physical thickness of the device. Instead of a 
frequency measurement apparatus 84, a thickness measure 
ment apparatus 86 is used to measure the thickness of the 
device 60 directly. 

[0036] FIG. 8 is a thickness chart illustrating the non 
uniformity thickness pro?le of a Wafer With a plurality of 
acoustic Wave generating and controlling layers fabricated 
thereon. In particular, FIG. 8 shoWs the non-uniformity 
pro?le of a pieZoelectric (ZnO) layer expressed in terms of 
nanometers. If the average thickness is used as a reference, 
then the thickness variation across the layer is about 123%. 
With such a large variation in thickness, the frequency 
variation across the Wafer is usually not acceptable. Thus, 
the device must be tuned by adjusting the thickness of the 
device. 

[0037] FIG. 9 is a How chart illustrating the process 100 
for tuning a bulk acoustic Wave device, according to the 
present invention. As shoWn, at step 102, a frequency 
measurement apparatus (FIG. 7a) or a thickness measure 
ment apparatus (FIG. 7b) is used to map the surface of the 
device 60. A thickness non-uniformity pro?le 154 is thus 
obtained. If the surface thickness falls Within the tolerance, 
as determined at step 103, then neW layers may be added on 
top of the mapped surface. OtherWise, a mask 50 With an 
aperture 52 is placed over the device 60 (FIGS. 2 and 5) at 
step 104. Abeam of particles is applied over the mask 50 to 
alloW part of beam to go through the aperture 52 to make 
contact With the device surface at a local area, at step 106. 
After the thickness of the local area is adjusted using the 
particle beam, it is determined, at step 108, Whether the 
necessary thickness adjustment of the entire surface is 
carried out. If the thickness of more surface area needs to be 
adjusted, the mask 50 is moved to another unadjusted 
location, at step 110. If the necessary thickness of the entire 
surface has been carried out, it is determined, at step 112, 
Whether more layers need to be fabricated to complete the 
device. After one or more neW layers are added, at step 114, 
on top of the adjusted layer, the surface pro?le of the device 
is again mapped, at step 102, to determine Whether the 
device is made according to the speci?cation. 

[0038] In summary, the present invention discloses a 
method and system for tuning the bulk acoustic Wave device 
at a Wafer, or die, level. The method and system, as dis 
closed, are particularly useful When the surface area of the 
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Wafer is suf?ciently large such that the deposition of thin 
?lm cannot achieve acceptable thickness uniformity. Trim 
ming the frequency across the Wafer by adjusting the thick 
ness at localiZed areas of the Wafer surface can increase the 
yield of the FBAR manufactory process. The thickness 
adjustment process can be separately and sequentially car 
ried out to adjust at one or more layers of the FBAR-based 
device. If a material is added onto a surface layer to trim the 
frequency and a material source is used to provide a beam 
of particles, it is preferable that the particles and the surface 
layer are of the same material. HoWever, the material for the 
particles and the material for the surface layer may not be the 
same. If the material of the surface layer is partially removed 
to trim the frequency, it is preferred to use a dry etching 
process, such as IBE or RIBE, to trim the surface. HoWever, 
other surface removal process, such as sputtering, can be 
used to achieve the same objective. It is knoWn in the art that 
the fabrication of the top and bottom electrode layers, in 
general, involves one or more additional steps to make a 
pattern out of each of the electrode layers. It is preferred that 
the patterning steps are carried out after the thickness of the 
respective electrode layer is adjusted. HoWever, it is also 
possible to carry out the patterning steps prior to the thick 
ness adjustment. 

[0039] Furthermore, the mask, as described hereinabove, 
has one aperture to alloW the particle to make contact With 
the device surface. It is possible to have tWo or more 
apertures on the mask for surface thickness adjustment. 
Moreover, it is possible to move the mask relative to the 
device to relocate the aperture on the mask. It is also possible 
to move the device relative to mask to achieve the same. 

[0040] Thus, although the invention has been described 
With respect to a preferred embodiment thereof, it Will be 
understood by those skilled in the art that the foregoing and 
various other changes, omissions and deviations in the form 
and detail thereof may be made Without departing from the 
spirit and scope of this invention. 

What is claimed is: 
1. A method of tuning a bulk acoustic Wave device made 

from a plurality of acoustic Wave generating and controlling 
layers formed on a substrate, Wherein the bulk acoustic Wave 
device has a surface and a thickness, and Wherein the bulk 
acoustic Wave device has an operating frequency Which 
varies partly With a thickness, and the operating frequency 
can be adjusted by changing the thickness of the device, said 
method comprising the steps of: 

providing, adjacent to the device surface, a mask having 
an aperture; 

providing a beam of particles over the mask for alloWing 
at least part of the particle beam to pass through the 
aperture to make contact With the device surface in a 
contacting area substantially de?ned by the aperture for 
changing the thickness of the device; and 

relocating the aperture of the mask substantially in a 
lateral direction relative to the device surface for 
changing the contacting area. 

2. The method of claim 1, Wherein some of the particles 
in said part of the particle beam are deposited on the device 
surface, thereby increasing the thickness of the device 
substantially at the contacting area. 
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3. The method of claim 1, wherein the layers comprise a 
topmost layer away from the substrate, and Wherein the 
mask is located adjacent to the topmost layer for allowing 
said at least part of the particle beam to make contact With 
the topmost layer at the contacting area. 

4. The method of claim 3, Wherein the topmost layer is 
made from a surface material and the particles comprise the 
layer material. 

5. The method of claim 3, Wherein the topmost layer 
comprises an electrode layer. 

6. The method of claim 3, Wherein the topmost layer 
comprises a passivation layer. 

7. The method of claim 3, Wherein the topmost layer 
comprises a pieZoelectric layer. 

8. The method of claim 1, Wherein the surface is made of 
a surface material and said at least part of the particle beam 
removes some surface material, thereby reducing the thick 
ness of the device substantially at the contacting area. 

9. The method of claim 1, Wherein the bulk acoustic Wave 
device comprises a ?lm bulk acoustic Wave resonator. 

10. The method of claim 1, Wherein the bulk acoustic 
Wave device comprises a ?lm bulk acoustic Wave ?lter. 

11. The method of claim 1, Wherein the bulk acoustic 
Wave device comprises a stacked crystal ?lter. 

12. The method of claim 1, Wherein the bulk acoustic 
Wave device comprises a plurality of individual bulk acous 
tic Wave device chips. 

13. The method of claim 1, Wherein the thickness of the 
device has a non-uniformity pro?le across the device sur 
face, and Wherein the tuning steps are used to reduce the 
non-uniformity. 

14. The method of claim 13, further comprising the step 
of mapping the device surface for determining the non 
uniformity pro?le, and the moving step is based on the 
non-uniformity pro?le. 

15. The method of claim 14, Wherein the mapping step is 
carried out by measuring the resonant frequency of the 
device across the device surface. 

16. The method of claim 14, Wherein the mapping step is 
carried out by measuring the thickness of the acoustic Wave 
generating and controlling layers. 

17. Asystem for tuning a bulk acoustic Wave device made 
from a plurality of acoustic Wave generating and controlling 
layers formed on a substrate, Wherein the bulk acoustic Wave 
device has a surface and a thickness, and Wherein the bulk 
acoustic Wave device has an operating frequency Which 
varies partly With the thickness, and the operating frequency 
can be adjusted by changing the thickness of the device, said 
system comprising: 

a mask having an aperture placed adjacent to the device 
surface; 

means, for providing a beam of particles over the mask for 
alloWing at least part of the particle beam to pass 
through the aperture to make contact With the device 
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surface in a contacting area substantially de?ned by the 
aperture for changing the thickness of the device; and 

means, engaging With the mask, for relocating the aper 
ture of the mask substantially in a lateral direction 
relative to the device surface for changing the contact 
ing area. 

18. The system of 17, Wherein some of the particles in 
said part of the particle beam are deposited on the device 
surface, thereby increasing the thickness of the device 
substantially at the contacting area. 

19. The system of claim 17, Wherein the layers comprise 
a topmost layer aWay from the substrate, and Wherein the 
mask is located adjacent to the topmost layer for alloWing 
said at least part of the particle beam to make contact With 
the topmost layer at the contacting area. 

20. The system of claim 19, Wherein the topmost layer is 
made from a surface material and the particles comprise the 
layer material. 

21. The system of claim 17, Wherein the surface is made 
of a surface material and said at least part of the particle 
beam removes some surface material, thereby reducing the 
thickness of the device substantially at the contacting area. 

22. The system of claim 17, Wherein the particles com 
prise a plurality of ions. 

23. The system of claim 17, Wherein the particles com 
prise a plurality of reaction ions. 

24. The system of claim 17, Wherein the thickness of the 
device has a non-uniformity pro?le across the device sur 
face, said system further comprises a mapping mechanism 
for obtaining the non-uniformity pro?le by mapping the 
device surface. 

25. The system of claim 24, Wherein the mapping mecha 
nism comprises a frequency measurement device for deter 
mining the local resonant frequency of the device across the 
device surface. 

26. The system of claim 24, Wherein the mapping mecha 
nism comprises a thickness measurement device. 

27. The system of claim 24, Wherein said relocating 
means has a control mechanism for relocating the aperture 
based on the non-uniformity pro?le. 

28. The system of claim 17, Wherein the device comprises 
of a plurality of individual chips each having a chip surface 
area, and Wherein the aperture is large than the chip surface 
area. 

29. The system of claim 17, Wherein the device comprises 
of a plurality of individual chips each having a chip surface 
area, and Wherein the aperture is smaller than the chip 
surface area. 

30. The system of claim 17, Wherein the thickness of the 
device is represented by a thickness non-uniformity pro?le, 
said system further comprising a softWare program for 
controlling said relocating means according to the thickness 
non-uniformity pro?le for reducing surface non-uniformity. 

* * * * * 


