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IMPROVED INTEGRATED OSCILLATORS
AND TUNING CIRCUITS

BACKGROUND

The present invention relates generally to integrated circuits, and more
specifically, to integrated circuits containing active circuitry and fixed capacitors.

Voltage tuneable capacitors (varactors) and fixed capacitors are conventionally
used together in a wide variety of different electrical circuits. Such circuits include, for
example, tuneable circuits (e.g., lowpass, highpass, bandpass, or bandstop filters) or
voltage controlled oscillators (VCO’s). In such circuits, the varactor is used in
conjunction with a variable applied voltage, and one or more fixed capacitors, to “tune”
the output of the circuit. In the case of filter circuits, the voltage applied to the varactor is
varied to “tune” the output voltage response of the filter as a function of the frequency of
the input signal. An example of a conventional varactor-tuned filter is disclosed in U.S.
Patent No. 5,107,233. In the case of a VCO, the voltage applied to the varactor is varied
to “tune” the output frequency of the oscillator. An example of a conventional varactor-
controlled oscillator is disclosed in U.S. Patent No. 5,694, 092.

Tuneable filter circuits and VCO’s have applicability in a wide variety of electrical
devices including devices that require the use of integrated circuitry due to constraints on
acceptable circuit dimensions. Such constraints are common in circuitry contained in
many commercially available devices, including for example, transceiver circuitry
contained in mobile radio telephones. The use of integrated circuits in such devices
permits the circuitry to be disposed within smaller housings thus allowing for easier
portability of the overall device. Tuneable filter circuits and VCO’s are therefore
commonly fabricated as semiconductor integrated circuits in many devices. An example
of a monolithic integrated VCO is disclosed in U.S. Patent No. 4,458,215 to Huang. As
shown in Figs. 1 and 2 of this patent, the varactors (52, 54, 56, 68) and fixed capacitors

(15, 16) are typically fabricated on a specified area of a semiconductor substrate (20).
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Drawbacks with this conventionally configured integrated circuit include, however, a
relatively large surface area due to the side by side disposition of the varactors (52, 54, 56,
68) and capacitors (15, 16) and the parasitic capacitance associated with the relatively
lengthy interconnections used between the VCO components. The total cost of an
integrated circuit, which includes a circuit such as the VCO disclosed in Huang, is a
function of the amount of semiconductor area consumed by the fabricated circuitry.
Furthermore, the distance between components disposed side by side in an integrated
circuit increases the parasitic capacitance associated with the interconnections between
components. This parasitic capacitance can reduce the tuneable range of the VCO and
otherwise be detrimental to VCO performance. The side by side disposition of the
varactors and fixed capacitors of conventional integrated circuits such as Huang therefore

increases the parasitic capacitance associated with the integrated circuit and the relative

cost associated with constructing the integrated circuit.

SUMMARY OF THE INVENTION

It is thus an object of exemplary embodiments of the invention to fabricate an
integrated circuit, that includes one or more active circuits and one or more fixed
capacitors, which reduces the semiconductor surface area consumed by the disposition of
the components of the integrated circuit and/or the associated parasitic capacitance of the
integrated circuit.

One exemplary embodiment of the invention achieves the above described objects
and includes an integrated circuit which comprises a first portion of the integrated circuit
having a first surface and comprising one or more layers of semiconductor material. The
integrated circuit of this exemplary embodiment further comprises a capacitor comprising
at least one conductive layer and a dielectric layer, wherein the capacitor is formed upon
the first surface of the first portion of the integrated circuit.

These and other objects and features will be apparent from this written description
and appended drawings. The foregoing is provided as a convenient summary, the

invention to be protected being defined by the patent claims and equivalents thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will be understood by reading the
following detailed description in conjunction with the drawings in which:

FIG. 1 is a structural diagram of the layer structure of an exemplary embodiment
of the present invention employing a varactor and fixed capacitor;

FIG. 2 is a schematic diagram of a voltage controlled oscillator of another
exemplary embodiment of the invention;

FIG. 3 is a layout of VCO components in accordance with conventional
techniques;

FIG. 4 is a layout of the VCO in accordance with exemplary embodiments of the
invention; and

FIG. 5 is a structural diagram of the layer structure of an exemplary embodiment

of the invention employing an active circuit and a fixed capacitor.

DETAILED DESCRIPTION

According to exemplary embodiments of the present invention, an active circuit
such as a varactor, and a fixed capacitor, can be fabricated in a semiconductor integrated
circuit in such a manner as to reduce the semiconductor surface area dedicated to the
active circuit/fixed capacitor combination and to possibly minimize parasitic
capacitances. Fig. 1 illustrates an exemplary layer structure 100 of a combination varactor
110 and fixed capacitor 105 of the present invention. In the exemplary embodiment
shown, the fixed capacitor 105 comprises two conductive layers 115 and 120 with an
intervening insulating layer 125 (e.g., SiO, SiO,, GaAs, ZnS, MgF,). Conductive layers
115 and 120 can be composed of materials such as Al, Ti, W, or AICu, though one skilled
in the art will recognize that other appropriate conductive materials may be used. The
capacitor 105 is fabricated on a surface of the varactor 110, instead of the substrate 130,
thus requiring less surface area of the integrated circuit to be dedicated to the
varactor/capacitor combination. Furthermore, disposition of the capacitor 105 upon a

surface of the varactor 110 may permit a decrease in the length of any interconnections
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between the varactor and capacitor or between the varactor and capacitor and surrounding
circuitry. In particular, parasitic capacitance can be minimized in the case where the
circuit configuration requires a direct electrical connection between the varactor 110 and
capacitor 105 portions of the integrated circuit. In such a case, disposition of the
capacitor 105 upon a surface of the varactor 110 will permit the interconnection length
between the two to be minimized, in turn, minimizing parasitic capacitance.

A CMOS process can be used to fabricate the layer structure 100 of the exemplary
embodiment illustrated in Fig. 1. One skilled in the art will recognize, however, that the
layer structure 100 can be fabricated using other known processes including, for example,
BICMOS, SiGe, or GaAs processes. In the exemplary CMOS process, a N+ buried layer
135 is formed in the P substrate 130 and an N- epitaxial layer 140. A dopant is further
implanted in the epitaxial layer 140 to form the N+ sinker regions 145. A P conductivity
type doping material is also implanted in the epitaxial layer 140 to create the P+ region
155. Insulating regions 150 (e.g., SiO, Si02, GaAs, ZnS, MgF,) are further formed
between the N+ sinker regions 145 and P+ region 155. In forming the above described
layers or regions, one skilled in the art will appreciate that the materials and doping
concentrations used for each layer/region will be process dependent. For example, in
silicon processes, B, As, Sb, P, Ga and In dopants can be used with doping concentrations
generally in the range of 10'® to 10%° per cm®.

To obtain a low-ohmic connection, conductive layers M1 160, M2 165, and M3
170 are formed upon the N+ sinker regions 145, the insulating regions 150, and the P+
region 155. Conductive layers 160, 165, and 170 can be composed of materials such as
Al, Ti, W, or AlCu, though one skilled in the art will recognize that other appropriate
conductive materials may be used. An insulating layer 175 (e.g., SiO, SiO2, GaAs, ZnS,
MgF?2) is formed between each of the conductive layers and vias 180 can be used to
connect each conductive layer to the next layer. First portions of conductive layers M1
and M2 form a first cathode electrode 185. Second portions of conductive layers M1 and
M2 and a first portion of conductive layer M3 form a second cathode electrode 190.

Third portions of M1 and M2 and a second portion of M3 form an anode electrode 197.
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To obtain a high-Q of the varactor, cathode electrodes 185 and 190 can be shorted
together (not shown).

As an interstitial layer between the varactor 110 and the capacitor 105, a further
insulating layer 195 is formed upon conductive layer M3 170. However, if a substantially
direct connection between conductive layers M4 120 and M3 170 is required, then vias
(not shown) may be used to interconnect M4 120 with either the cathode electrode 190 or
anode electrode 197. Use of vias to interconnect the M4 120 and M3 170 layers will
ensure a low parasitic capacitance.

To fabricate capacitor 105, conductive layer M4 120 is formed upon insulating
layer 195 to create the lower plate of the capacitor 105. Insulating layer 125 is then
formed upon conductive layer M4 120 and conductive layer M5 115 is formed upon
insulating layer 125 to create the upper plate of the capacitor 105. As will be appreciated
by one skilled in the art, the formation of each of the above described layers of the
varactor 110 and capacitor 105 can be performed using any conventional techniques
appropriate for the layer being established including, but not limited to, growth or
deposition techniques.

In a second exemplary embodiment, the capacitor 105 and varactor 110
combination illustrated in Fig. 1 can be used in an exemplary voltage controlled oscillator
200, as shown in Fig. 2, fabricated in an Application Specific Integrated Circuit (ASIC).
In the VCO of Fig. 2, each of C0 205 and C2 215, and C1 210 and C3 220, can
correspond to a single varactor/capacitor combination shown in the layer structure of Fig.
1. Using a conventional integrated circuit configuration, with varactors C0 205 and C1
210 disposed side by side on the surface of the semiconductor, a surface layout such as
that shown in Fig. 3 would result. In accordance with the present invention, however,
“stacking” the capacitor 105 upon the varactor 110 advantageously permits a reduction in
the amount of surface area required for thé capacitor/varactor combination and thus, a
smaller ASIC, or more surface area available for other circuit components. This is
illustrated in Fig. 4, where capacitor C2 215 is disposed over varactor C0 205 and

capacitor C3 220 is disposed over varactor C1 210.
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One skilled in the art will recognize that, even though an exemplary VCO is
described with respect to Fig. 2, any number of different ASIC’s can use the
varactor/capacitor layer structure illustrated in Fig. 1. Such ASIC’s could include, for
example, tuneable filter arrangements such as tuneable lowpass, highpass, bandpass, or
bandstop filters which use both a varactor and capacitor. One skilled in the art will
further recognize that the exemplary embodiments of the invention can be broadly applied
to any active circuitry contained within an integrated circuit that additionally uses one or
more capacitors. As shown in Fig. 5, a capacitor layer structure 500 can be “stacked”
upon any active circuit 505, instead of formed on the substrate 510, for the purpose of
conserving semiconductor surface area and permitting an increase in the packaging
density of the ASIC. Active circuit 505 can include, for example, a mixer, an amplifier,
an analog-to-digital or digital-to-analog converter, a demodulator, a modulator, or a power
or current controlled oscillator.

Although a number of embodiments are described herein for purposes of
illustration, these embodiments are not meant to be limiting. Those of ordinary skill in
the art will recognize modifications that can be made in the illustrated embodiment. Such

modifications are meant to be covered by the spirit and scope of the appended claims.
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What is Claimed is:

1. An integrated circuit comprising:

a first portion of the integrated circuit, said first portion having a first
surface and comprising one or more layers of semiconductor
material; and

a capacitor comprising at least one conductive layer and a dielectric
layer, wherein the capacitor is formed upon the first surface of the

first portion of the integrated circuit.

2. The integrated circuit of claim 1, wherein the first portion of the integrated

circuit includes a varactor.

3. The integrated circuit of claim 1, wherein the first portion of the integrated
circuit includes a first layer and wherein a surface of the first layer forms said first

surface.

4. The integrated circuit of claim 2, wherein the varactor includes one or
more anode electrodes and one or more cathode electrodes and wherein either the one or
more anode electrodes or the one or more cathode electrodes are formed from one or more

conductive layers.

5. The integrated circuit of claim 1, wherein the integrated circuit is an
oscillator.
6. The integrated circuit of claim 5, wherein the oscillator is a voltage

controlled oscillator.
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7. The integrated circuit of claim 5, wherein the oscillator is a current
controlled oscillator.
8. The integrated circuit of claim 5, wherein the oscillator is a power
controlled oscillator.
9. The integrated circuit of claim 1, wherein the integrated circuit is a mixer.
10.  The integrated circuit of claim 1, wherein the integrated circuit is an
amplifier.
11. The integrated circuit of claim 1, wherein the integrated circuit is an
analog-to-digital converter.
12. The integrated circuit of claim 1, wherein the integrated circuit is a digital-
to-analog converter.
13. The integrated circuit of claim 1, wherein the integrated circuit is a
modulator.
14, The integrated circuit of claim 1, wherein the integrated circuit is a
demodulator.
15.  The integrated circuit of claim 1, wherein the integrated circuit is a filter.
16. The integrated circuit of claim 2, wherein the integrated circuit is a

tuneable filter.
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17. The integrated circuit of claim 1, wherein the integrated circuit is formed
using a CMOS process.

18.  The integrated circuit of claim 1, wherein the integrated circuit is formed
using a BICMOS process.

19. The integrated circuit of claim 1, wherein the integrated circuit is formed
using a SiGe process.

20.  The integrated circuit of claim 1, wherein the integrated circuit is formed
using a GaAs process.

21.  The integrated circuit of claim 1, wherein the one or more layers comprise

a plurality of layers of semiconductor material.

22.  The integrated circuit of claim 3, wherein said first layer is comprised of an

insulating material.

23.  The integrated circuit of claim 3, wherein at least a portion of said first

layer is comprised of a conductive material.

24. The integrated circuit of claim 4, wherein the one or more cathode

electrodes comprises at least two cathode electrodes.

25.  The integrated circuit of claim 24, wherein the at least two cathode

electrodes are shorted together.

26.  The integrated circuit of claim 22, wherein the insulating material is

selected from the group consisting of SiO, SiO,, ZnS, and MgF,.
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27. The integrated circuit of claim 1, wherein the at least one conductive
layer is formed from materials selected from the group consisting of Al, Ti, W, and

AlCu.

28. The integrated circuit of claim 4, wherein the one or more conductive
layers are formed from materials selected from the group consisting of Al, Ti, W, and

AlCu.
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