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FORMING INTEGRATED PLURAL FREQUENCY
BAND FILM BULK ACOUSTIC RESONATORS

Background

This invention relates generally to front-end radio
frequency filters, including film bulk acoustic resonators
(FBAR) .

Film bulk acoustic resonators have many advantages
compared to other techniques such as surface acoustic wave
(SAW) devices and ceramic filters, particularly at high
frequencies. For example, SAW filters begin to have
excessive insertion losses above 2.4 gigaHértz and ceramic
filters are much larger in size and become increasingly
difficult to fabricate at higher frequencies.

A conventional FBAR filter may include two sets of
FBARs to achieve the desired filter response. The series
FBARs may have one frequency and the shunt FBARs may have
another frequency. Thus, for a variety of reasons, it is
desirable to have filters of two or more frequency bands
(termed plural frequency FBARs herein) on the same
integrated circuit. A typical single band radio frequency
(RF) filter has two sets of resonators, series, and shunt,
with two different frequencies. In a typical cell phone,
several filters for different bands are used. It is highly
desirable to integrate several filters on the same silicon
wafer. For example, two filters on the same silicon will
need four sets of resonators with four different
frequencies.

However, achieving integrated frequency FBARs is
challenging using existing fabrication techniques. Those
techniques are insufficiently controllable to achieve

multiple thickness targets needed for reproducibly
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manufacturing integrated circuits with frequencies of more
than one band.

Thus, there is a need for better ways to make
integrated circuit FBARs having more than one frequency

band.

Brief Description of the Drawings

Figure 1 is an enlarged, cross-sectional view of one
embodiment of the present invention at an early stage of
manufacture;

Figure 2 is an enlarged, cross-sectional view of the
embodiment shown in Figure 1 at a subsequent stage of
manufacture;

Figure 3 is an enlarged, cross-sectional view of the
embodiment shown in Figure 2 at a subsequent stage of
manufacture;

Figure 4 is an enlarged, top plan(view of the
embodiment shown in Figure 3 in accordance with one
embodiment of the present invention;

Figure 5 is an enlarged, cross-sectional view of one
embodiment of the present invention prior to completion in
accordance with one embodiment of the present invention; and

Figure 6 is an enlarged, cross-sectional view of the
embodiment shown in Figure 5 after completion in accordance

with one embodiment of the present invention.

Detailed Description

Referring to Figure 1, a film bulk acoustic resonator
(FBAR) 10 may include an upper electrode 20 and a bottom
electrode 16 sandwiching a piezoelectric layer 14. That
structure may be formed over a dielectric layer 14 formed on
a substrate 12. In accordance with one embodiment of the
present invention, the dielectric layer 14 may be formed of
silicon dioxide. The bottom electrode 16 may be formed of

2
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material such as aluminum, molybdenum, platinum, or
tungsten, for example.

The piezoelectric layer 18 may be formed of aluminum
nitride, lead zirconium titanate (PZT), or zinc oxide, to
mention a few examples. The upper electrode 20 may be
formed of the same materials as the bottom electrode 16.

While a bulk micromachined fabrication technique is set
forth below, the present invention is equally applicable to
surface micromachined FBAR processes as well.

The structure shown in Figure 1 is covered with a layer
22 of a modulating material. The modulating material is a
material that has a high acoustic quality factor such as
aluminum oxide, polysilicon, molybdenum, or tungsten.

The deposited layer 22 is then patterned to form the

structure shown in Figure 2. The patterning may form a

series of stripes including stripes 22a of one width

(horizontal) and stripes 22b of another width. The pattern
of stripes 22 may be chosen to determine the frequency of
the resulting FBAR.

Finally, referring to Figure 3, a backside silicon etch
may be utilized to form the trenches 24 and resulting
membranes over the trenches 24.

As shown in Figure 4, a first FBAR 10 may have a bottom
electrode 16 that forms contact surfaces for making
electrical connections to the FBAR 10. The stripes 22b may.
extend completely across the FBAR, as may the stripes 22a.
However, the spacing between the stripes 22a may be
different, as well as their widths, in one embodiment.

The stripes 22 may be formed using conventional
lithographic techniques involving patterning and etching.
Thus, extremely tight control may be had over the precise

nature of the modulating material 22.
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A second FBAR 10a may be formed on the same substrate
12. It may operate over a different frequency because its
stripes 20c and 20d are dimensionally different from the
stripes 20a and 20b of the FBAR 10.

Lithographically patterned features, such as those
shown in Figure 3, on top of FBAR membranes create resonance
modes with frequencies governed by the dimension and shape
of those features. Thus, resonators of various frequencies
may be produced using membranes of the same thickness. 1In
other words, on the same integrated circuit, FBARs with
different frequencies, called plural frequency FBARs, can be
produced using conventional integrated circuit fabrication
techniques which are highly reproducible, in some
embodiments of the present invention.

Referring to Figure 5, in accordance with another
embodiment of the present invention, the upper electrode 20
of the previous embodiment may be dispensed with and may be
formed as a series of stripes 20a and 20b of modulating
material. In other words, the modulating material not only
sets the frequency of the FBAR, but also provides its upper
electrode 20. In one embodiment, a layer 20 of material,
which may be made of any of the material useful in forming
electrodes in FBARs, may have its (vertical) thickness
adjusted to provide the desired frequenéy. Thus, the
pattern and shape of the stripes 20a and 20b may be varied
to achieve the desired frequency performance. The spacing,
size, and/or thickness in the vertical direction of the
stripes 20 may be varied to achieve the desired performance
in some embodiments.

Referring to Figure 6, a cavity 24 may be defined
through the substrate 12 to create the FBAR membrane
structure. While stripes have been described for creating

the desired frequency performance, other geometric shapes

4
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may be utilized in other embodiments. Thus, the present

invention is not limited to any specific geometry for the
feature that enables the selection of the FBAR frequency.
Also, FBARs of any number of different frequencies may be
formed on the same integrated circuit.

While the present invention has been described with
respect to a limited number of embodiments, those skilled in
the art will appreciate numerous modifications and
variations therefrom. It is intended that the appended
claims cover all such modifications and variations as fall
within the true spirit and scope of this present invention.

What is claimed is:
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1. A method comprising:
lithographically defining at least two film bulk
acoustic resonators of different frequencies on the same

integrated circuit.

2. The method of claim 1 including forming a bottom

electrode over a substrate.

3. The method of claim 2 including forming a

piezoelectric material over said bottom electrode.

4. The method of claim 3 including forming an upper

electrode over said piezoelectric material.

5. The method of claim 4 including forming a
modulating material over said upper electrode to set the

frequency of each of said resonators.

6. The method of claim 4 including forming said upper

electrode to set the frequency of each of said resonators.

7. The method of claim 6 including forming a
resonator with different upper electrode vertical heights on

the same integrated circuit.

8. The method of claim 1 including forming at least
two resonators having different patterns of stripes over

their upper electrodes to have different frequencies.

9. The method of claim 1 including depositing a
material having a high acoustic quality factor over said

upper electrode.
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10. The method of claim 1 including lithographically
patterning the upper electrodes of two resonators to form

two resonators of different frequencies.

11. The method of claim 1 including varying a
characteristic of an upper electrode of each of said

resonators to form resonators of two different frequencies.

12. A method comprising:
forming a first film bulk acoustic resonator on an
integrated circuit, said first film bulk acoustic resonator
having a first frequency; and
forming a second film bulk acoustic resonator on
said integrated circuit at a second frequency, different
from said first frequency, using lithography and patterning

to distinguish said rescnators.

13. The method of claim 12 including forming a bottom
electrode over a substrate, a piezoelectric material over
said bottom electrode, and an upper electrode over said

piezoelectric material for each resonator.

14. The method of claim 13 including forming a
modulating material over said upper electrode to set the

frequency of each of said two resonators.

15. The method of claim 13 including forming said
upper electrode in a way to set the frequency of each of

sald two resonators.

16. The method of claim 15 including varying the
vertical height of said upper electrodes of said resonators

to produce two resonators of different frequencies.

7
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17. The method of claim 13 including forming stripes
of modulating material of different widths over the upper
electrodes to set the frequency band of each of said two

film bulk acoustic resonators.

18. The method of claim 12 including varying a
characteristic of the upper electrode of each of said
resonators to form said resonators of two different
frequencies.

19. An integrated circuit comprising:

a first film bulk acoustic resonator operating at
a first frequency;

a second film bulk acoustic resonator operating at
a second frequency; and

said first and second resonators having different
upper electrode structure patterning to set different

frequencies for each of said resonators.

20. The circuit of claim 19 wherein said first and
second resonators have upper electrodes which are patterned

differently to vary the frequency between said resonators.

21. The circuit of claim 19 wherein said structure
includes a modulating material, each of said resonators
including an upper electrode and said modulating material
being formed over said upper electrodes, said modulating
material being formed in a first pattern on a first
resonator and a second pattern on the second resonator to

form resonators of different frequencies.
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29 . The circuit of claim 19 wherein said first and
second resonators have electrodes with different

thicknesses.

23. The circuit of claim 19 wherein said resonators
include upper electrodes formed as a series of parallel

stripes.

24. The circuit of claim 23 wherein said stripes have

a varied thickness to set a frequency for said resonator.
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