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SUMMARY

Briefly, in accordance with one embodiment of the invention, a circuit includes:
a voltage tunable inductive-capacitive (LC) oscillator, a charge pump, and a phase
detector. The oscillator, detector, and charge pump are coupled together to form a PLL.

BRIEF DESCRIPTION OF THE DRAWINGS
The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,

both as to organization and method of operation, together with objects, features, and
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In the FIG. 1 embodiment, the LC VCO is not incorporated in PLL 110. In this
embodiment, the capacitance of the VCO includes the sum of capacitances associated
with the input ports, as previousiy described, and the varactor capacitance. In this
particular embodiment, capacitor 155 comprises a large direct current (DC) blocking
capacitor having capacitance C, in which the capacitance of capacitor 155 is
significantly larger than the maximum attainable capacitance of varactor 150. In this
embodiment, the non-zero resistance of the metal ine(s) dampens the natural
oscillations of the LC VCO and resuilts in energy loss. However, DC energy source
140 supplies energy and sustains the oscillations at the natural frequency of the LC
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pAartr cufhr efbdintent Andud®r 120 provides AC blocking similar to the DC blocking
provided by capacitor 155. However, because varactor 150 has a capacitance in
parallel with C that varies with the applied voltage, the natural frequency of the LC VCO
may be varied based, at least in part, on the difference in phase and frequency
between the feedback clock signal and the reference clock signal applied to 110.

One advantage of the embodiment illustrated in FIG. 1, in comparison with
alternative approaches, is the ability to tune the frequency of the clock signal without a
significant loss in power. Being able to tune the frequency of the clock signal is a
desirable advantage for phase locking, and also due to differences in temperature,
manufacturing processes and other sources. Producing a chip having the precisely
desired clock frequency Is a difficult accomplishment. Therefore, it is desirable to be
able to tune the frequency after manufacture. Likewise, other clocking schemes may
provide the capability to tune the frequency of the clock signal; however, those
approaches will typically result in significantly greater losses of power in comparison
with the approach illustrated by this particular embodiment of the invention.

One embodiment of the method of tuning the frequency of a phase-locked loop
(PLL) is as follows. As previously described, in one embodiment of a phase-locked
loop in accordance with the invention, an inductive-capacitive (LC) oscillator includes a
varactor. As previously described, a voltage applied across a varactor may be
adjusted. As a result of adjusting the voltage across the varactor, the capacitance of
the varactor is modified. This modification in the capacitance of the varactor modifies
the capacitance of the oscillator and, this adjusts or tunes the frequency of the phase-
locked loop circuit. Likewise, this adjustment of the applied voltage of the varactor may
occur due to the negative feedback of the phase-locked loop. For example, depending
upon the phase difference between the PLL output clock signal and a reference clock
signal, a phase detector may apply signals to a charge pump and thereby adjust the
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chip. Furthermore, as previously discussed, energy may be supplied to the PLL to
substantially sustain the PLL oscillations. Likewise, the application of energy to the PLL
may be timed so as to substantially sustain the PLL oscillations in a substantially square
wave form. More specifically, as the signal oscillates, the energy may be applied at
predetermined points of the signal so that a square wave or other signal form other
than a sine wave, for example, is produced. Likewise, although the invention is not
hmited in scope in this respect, the applied voltage may be adjusted substantially
linearly. As previously indicated, where the varactor is properly doped, this may resuit
in a substantially linear variation in the capacitance, as may be desirable in particular
embodiments.

While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes and equivalents will now occur to
those skilled in the art. It is, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the true spirit of the

invention.
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What is claimed is:

1. A circuit comprising:

a voltage tunable inductive-capacitive (LC) oscillator;

a phase detector;

and a charge pump;

said oscillator, detector, and charge pump being coupled together to form a PLL;

wherein said PLL is embodied on an integrated circuit (IC) including a processor;

said PLL being coupled to provide a clock signal driving a clock tree for said processor;
wherein the capacitance of the clock tree forms part of the capacitance of the LC oscillator.

2. The circuit of claim 1, wherein said voltage tunable LC oscillator includes a varactor capable of
adjusting the capacitance of said oscillator in response to an applied voltage.

3. The circuit of claim 2, wherein said processor comprises a microprocessor.

4, The circuit of claim 2, wherein said varactor comprises an N-type semiconductor material in direct
physical contact with a P-type semiconductor material to form a P-N semiconductor junction.

5. The circuit of claim 4, wherein said P-type and said N-type semiconductor material are doped so that
linearly varying a voltage applied across said varactor substantially linearly varies the capacitance of the

varactor.

6. A method of tuning the frequency of a phase-locked loop (PLL) including an inductive-capacitive (LC)
oscillator with a varactor, comprising:

adjusting an applied voltage across the varactor; and

applying a clock signal produced by the PLL to an integrated circuit (IC) chip including digital electronic
circuitry having a clock tree, the capacitance of the clock tree forming part of the capacitance of the LC
oscillator.

7. The method of claim 6, wherein said IC comprises a microprocessor.

8. The method of claim 6, and further comprising:

supplying energy to the PLL to substantially sustain the PLL oscillations.

9. The method of claim 8, wherein energy is supplied to the PLL to substantially sustain the PLL
oscillations in a substantially square wave form.

10. The method of claim 6, wherein the applied voltage is adjusted substantially linearly.
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13. The PLL of claim 12, wherein said PLL circuit is coupled so that during operation a voltage applied to
said varactor by said charge pump affects the frequency of said PLL output clock signal.
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