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(57) Abstract: Aspects of the disclosure provide a phase-locked loop (PLL). The PLL includes a voltage-controllled oscillator
(VCO), a detector module, and a ramp module. The VCO has a first capacitor unit and a second capacitor unit. The VCO is con-
figured to generate an oscillating signal having a frequency based on a first capacitance of the first capacitor unit and a second ca-
pacitance of the second capacitor unit. The detector module is configured to generate a voltage signal as a function of the oscillat-
ing signal and a reference signal. The voltage signal is used to control the first capacitor unit to stabilize frequency of the oscillat-
ing signal. The ramp module is configured to generate a ramp signal based on the voltage signal. The ramp signal is used to con-
trol the second capacitor unit to ramp the second capacitance from a first value to a second value.
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METHOD AND APPARATUS FOR DRIFT COMPENSATION IN PLL

INCORPORATION BY REFERENCE
[0061]  This application claims the benefit of U.S. Provisional Application No.
61/349,625, "PLL Ramp-Based Temperature Drift Compensation” filed on May 28, 2010, which

is incorporated herein by reference in its entirety,
BACKGROUND
[0902]  The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the extent
the work is described in this background section, as well as aspects of the description that may
not otherwise qualify as prior art at the time of filing, are neither expressly nor impliedly
admitted as prior art égainsi the present disclosure,

{0003] Generally, a phase-locked loop (PLL) includes a voltage-controlled oscillator
(VCO) to generate an oscillating signal based on a voltage signal. The PLL is suitably
configured to adjust the voltage signal to achieve a desired oscillating frequency. In a low noise
application, the VCO is configured to have a relatively small gain (Kvco}, which is a ratio of a
fréqucncy change over a voltage change, to reduce sensitivity to noise. During operation,
environmental changes, such as a temperature drift, and the like, affect the oscillating frequency
of the oscillating signal. To maintain the desired oscillating frequency, the PLL adjusts the
voltage signal to compensate for the effects of the environmental changes. However, due to the
relatively small gain, the voltage signal may exceed a voltage limit when the temperature drift is
too large, for example, and the PLL may fail to keep the desired frequency.

SUMMARY

[0004]  Aspects of the disclosure provide a phase-locked loop (PLL). The PLL
includes a voltage-controlled oscillator (VCO), a detector module, and a ramp module. The
VCO has a first capacitor unit and a second capacitor unit, The VCO is configured to generate
an oscillating signal having a frequency based on a first capacitance of the first capacitor unit
and a second capacitance of the second capacitor unit. The detector module is configured to
generate a voltage signal as a function of the oscillating signal and a reference signal. The

voltage signal is used to control the first capacitor unit to stabilize the frequency of the
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oscillating signal. The ramp module is configured to generate a ramp signal based on the voltage
signal. The ramp signal is used to control the second capacitor unit to ramp the second
capacitance from a first value fo 2 second value to keep the voltage signal in a predetermined
range.

[0005] In an embodiment, the ramp module is configured to generate the ramp signal
when the voltage signal is out of the predetermined range. In an example, the ramp module is
configured to generate the ramp signal to ramp down the second capacitance when the voltage
signal is larger than an upper limit of the predetermined range, and to ramp up the second
capacitance when the voltage signal is smaller than the lower limit of the predetermined range.

[0006] Further, the ramp module includes a monitor configured to monitor the voltage
signal, and generate a trigger signal when the voltage signal is out of the predetermined range.
In addition, the ramp module includes a ramp controller configured to generate the ramp signal
in response to the trigger signal.

[6007] In an embodiment, the ramp controller includes a counter configured to
generate a digital ramp signal by starting counting in response to the trigger signal, and a digital
to analog converter (DAC) configured to convert the digital ramip signal to the ramp signal.

[0008] In another embodiment, the ramp controller includes a counter configured to
generate a digital ramp signal by starting counting in response to the trigger signal, and a sigma-
delta modulator configured to generate a pulse stream that is modulated based on the digital
ramp signal.

[0009] According to an aspect of the disclosure, the second capacitor unit includes at
least a capacitor, and the ramp signal is used to ramp a control voltage of the capacitor from a
first voltage to a second voltage. In an example, a switch switches the control voltage between a
stable state and a ramp state. The capacitor is at least one of a junction-diode capacitor, and a
metal-oxide-semiconductor (MOS) capacitor.

[0016] In an embodiment, the detector module includes a frequency divider configured
to frequency divide the oscillating signal, a phase detector to detect phase errors between the
frequency-divided oscillating signal and the reference signal, and a loop filter configured to
generate the voltage signal based on the phase errors.

[0011] Itis noted that the PLL can be used in an electronic systemn. The electronic

system includes other components that use the generated oscillating signal. In an example, the
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electronic system includes a transceiver that uses the oscillating signal for transmitting or
receiving signals.

[6012] Aspects of the disclosure provide a method for drift compensation, The method
includes generating an oscillating signal based on a first capacitance of a first capacitor unit and
a second capacitance of a second capacitor unit, generating a voltage signal as a function of the
oscillating signal and a reference signal, adjusting the first capacitance of the first capacitor unit
based on the voltage signal to stabilize the frequency of the oscillating signal, and ramping the
second capacitance of the second capacifor unit from a first value to a second value when the
voltage signal is out of a predetermined range.

[0013] To ramp the second capacitance of the second capacitor unit, the method
includes ramping down the second capacitance when the voltage signal is larger than an upper
limit of the predetermined range, and ramping up the second capacitance when the voltage signal
is smaller than a lower limit of the predetermined range.

[0014] In an embodiment, the second capacitor unit includes at least a capacitor, such
as a junction-diode capacitor, a metal-oxide-semiconductor (MOS) capacitor, and the like. The
method includes remping a control voltage of the capacitor from a first voltage to a second
voltage, or from the second voltage to the first voltage. In an example, the method includes
switching the control voltage of the capacitor from a stable state fo a ramp state that ramps from
the first voltage to the second vbltage or from the second voltage to the first voliage.

[0015] According to an aspect of the disclosure, the method includes monitoring the
voltage signal, generating a trigger signal when the voltage signal is out of the predetermined
range, and generating the ramp signal in response to the trigger signal.

[0016] To generate the ramp signal in response to the trigger signal, in an embodiment,
the method further includes generating a digital ramp signal by starting counting in response to
the trigger signal, and digital to analog converting the digital ramp signal into the ramp signal.
In another embodiment, the method includes generating a digital ramp signal by starting
counting in response to the trigger signal, and generating a pulse stream that is modulated based
on the digital ramp signal,

[0017] To generate the voltage signal as a function of the oscillating signal and the

reference signal, in an example, the method includes frequency-dividing the oscillating signal,
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detecting phase errors between the frequency-divided oscillating signal and the reference signal,
and generating the voltage signal based on the phase errors.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Various embodiments of this disclosure that are proposed as examples will be
described in detail with reference to the following figures, wherein like numerals reference like
elements, and whereimn:

[0019]  Fig. 1 shows a block diagram of an electronic system example 100 according to
an embodiment of the disclosure;

[0020] Fig. 2 shows ablock diagram of a voltage-controlled oscillator example 230
according 1o an embodiment of the disclosure;

{0021} Fig. 3 shows a plot 300 of waveform examples for the voltage-controlled
ogcillator 230 according to an embodiment of the disclosure;

[0022) Fig. 4 shows a block diagram of a ramp controller example 420 according to an
embodiment of the disclosure;

[0023] Fig. 5 shows a diagram of a ramp generator example 550 according to an
embodiment of the disclogure;

[0024] Tig. 6 shows a diagram of another ramp generator example 650 according to an
embodiment of the disclosure; and

[6025] Fig. 7 shows a flow chart outlining a process example 700 according to an
embodiment of the disclosure, '

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] Fig. | shows a block diagram of an electronic system example 100 according fo
an embodiment of the disclosure. The electronic system 100 includes a phase-locked loop (PLL})
101 to generate an oscillating signal. The oscillating signal is used by other components of the
electronic system 100, such as a transceiver 109, and the like, The PLL 101 includes a voltage-
controlled oscillator (VCO) module 102 with ramp-based drift compensation. Further, the PLL
101 includes a detector module 103 that is coupled with the VCO module 102 as shown in Fig,
1.

[0027] The VCO meodule 102 receives a tuning voltage Vyyng from the detector
module 103 and generates an oscillating signal with a frequency being adjusted based on the

tuning voltage Vyung. The detector module 103 compares the oscillating signal with a reference
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clock signal, detects errors, such as frequency errors, phase errors, and the like, of the oscillating
signal with comparison to the reference clock signal, and generates the tuning voltage Ve
based on the detected errors.

[0028] In an embodiment, the detector module 103 includes a phase detector (PD) 104,
a loop filter 105 and a frequency divider 106, These elements are coupled together as shown in
Fig. 1. Y an example, the reference clock signal is generated based on a crystal oscillator, and
has a relatively stable reference clock frequency. The oscillating signal is required to have a
much larger frequency, such as M times (M is a positive integer number) of the reference clock
frequency. The frequency divider 106 frequency-divides the oscillating signal by M, and
provides the frequency-divided oscillating signal to the phase detector 104, The phase detector
104 compares the frequency-divided oscillating signal with the reference clock signal, and
generates information about the instantaneous phase error of the frequency-divided oscillating
signal with comparison to the reference clock signal. The loop filter 105 is configured as a low
pass filter that passes a low frequency component, such as an average phase error information,
and generates the tuning voltage Vyung as a function of the average.

[0029] The VCO module 102 includes a ramp module 110 to generate a ramp signal,
such as a ramp voltage signal, and the like, and a VCO 130 with a ramp-controlled attribute. In
an example, the ramp module 10 includes a monitor 115 and a ramp controller 120. The
monitor 115 monitors the tuning voltage Vrunp. When the tuning voltage Vyung Is outside a
predetermined range, the monitor 115 generates a frigger signal. For example, when the tuning
voltage Vs is larger than an upper limit of the predetermined range, the trigger signal is a
ramp-up trigger signal; and when the tuning voltage Ve is smaller than a lower limit of the
predetermined range, the trigger signal is a ramp-down trigger signal.

[0030] The ramp controller 120 generates the ramyp signal in response o the trigger
signal, The ramp sigoal has a ramp attribute, such as ramp voltage, ramp current, ramp
frequency and the like. In an example, when the trigger signal is a ramp-up trigger signal, the
ramp confrofler 120 generates a voltage signal that ramps from a first voltage having a relatively
lower value to a second voltage having a relatively higher value; and when the trigger signal is a
ramp-down trigger signal, the ramp confroller 120 generates the voltage signal that ramps from
the second voltage having the relatively higher value to the first voltage having the relatively

lower value,
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{0031] The VCO 130 has an atiribute, such as a capacitance, an inductance, a
resistance, and the like that is controlled by the ramp signal. In an example, the VCO 130
includes a first capacitor unit (not shown), and a second capacitor unit (not shown). The first
capacitor unit has a first capacitance controlled by the tuning voltage Vyune. The second
capacitor unit has a second capacitance that is controlled by the ramp signal, thus the second
capacitance ramps in response to the ramp signal, The VCO 130 generates the oscillating signal
having an oscillating frequency. The oscillating frequency is a function of a combination of the
first capacitance and the second capacitance. I is noted that the oscillating frequency may also
depend on other attribute of the VCO 130, such as an inductance, a resistance, and the like.

[0032] During operation, in an embodiment, the tuning voltage Vruws is preferred to
stay in the pre-determined range. When the tuning voltage Vrung is larger than the upper Himit,
the ramp-up signal is generated, and the ramp-up signal is used to ramp up a control voltage that
controls the second capacitor unit to ramp down the second capacitance from a relatively higher
value to a relatively lower value. In an example, the ramp signal has a relatively slow ramp rate,
such that the PLL 101 is able to adjust the tuning voltage Vryng in response to the ramp-down of
the second capacitance, and the tuning voltage Vrung is pulled down in the predetermined range.
The ramp rate can be suitably determined, such that while the tuning voltage Vryng is pulled
down in the pre-determined range, the oscillating frequency of the oscillating signal keeps
substantially stable. Then, the oscillating signal is suitable for use in the transceiver 109 during
active operations, such as during ftransmitting, or during receiving.

[0033] When the tuning voltage Vyyng is smaller than the lower limit, the ramp-down
signal is generated and the ramp-down signal is used to ramp down a control voltage that
controls the second capacitor unit to ramp up the second capacitance from a relatively lower
value to a relatively higher value. In an example, the ramp signal has a relatively slow ramp
rate, such that the PLL 101 is able to adjust the funing voltage Vyyng in response to the ramp-up
of the second capacitance, and the tuning voltage Vyyng is pulled up in the predetermined range.
The ramp rate can be suitably determined, such that while the tuning voltage Vrung is pulled up
in the pre-determined range, the oscillating frequency of the oscillating signal keeps substantially
stable. Then, the oscillating signal is suitable for use in the fransceiver 109 during active

operations, such as during transmitting, or during receiving.
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[0634] In a comparison electronic system (not shown), when a tuning voltage for a
VCO is outside a predetermined range, a capacit.ance of the VCO is switch-controlled to change
from a first value to a second value in a relatively short time. Thus, an oscillating signal of the
VCO has a disturbed oscillating frequency due to the fast-changing capacitance. While,
eventually, the oscilleting frequency will be stable, however, the disturbed oscillating signal is
not suitable for use for the transceiver 109 during its fransmitting or receiving operation, for
example.

[0035] Fig. 2 shows a block diagram of a voltage-controlled oscillator (VCO) example
230 according to an embodiment of the disclosure. The VCO 230 can be used in the electronic
system 100, The VCO 230 is an inductor-capacitor type (LC) oscillator. The VCO 230 includes
an inductor unit 231, a first capacitor unit 232, a second capacitor unit 240, two transistors 233
and 234, and a current source 235. The first capacitor unit 232 is controlled by the tuning
voltage signal Vyyng, and the second capacitor unit 240 is controlled by signals that may ramp
from a first value to a second value over a time duration. These elements are coupled together as
shown in Fig. 2.

[0036] In the embodiment, the VCO 230 is configured in a differential form having a
positive output node VCO_P, and a negative output nede VCO_N. Specifically, the transistors
233 and 234 are cross-coupled and share the current source 235 at sources of the transistors 233
and 234. The drains of the transistors 233 and 234 respectively drive the positive output node
VCO_P and the negative output node VCO_N. The inductor unit 231 is symmetrically coupled
to the positive output node VCO_P and the negative output node VCO_N to provide an
inductance to both the positive output node VCO_P and the negative output node YCO_N. The
first capacitor unit 232 and the second capacitor unit 240 are also symmetrically coupled to the
positive output node VCO_P and the negative output node VCO_N to provide a combined
capacitance to the positive output node VCO_P and the negative output node VCO_N, The
VCO 230 generates a positive oscillating signal at the positive output node VCO_P, and a
negative oscillating signal at the negative output node VCO_N. The positive oscillating signal
and the negative oscillating signal have a same oscillating frequency that is a function of the
inductance and the combined capacitance,

{6037] The first capacitor unit 232 provides a first capacitance to the positive output
node VCO_P and the negative output node VCO_N. The first capacitance is controlled by the
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tuning voltage signal Vyines. In an embodiment, the first capacitor unit 232 includes a pair of
matching varactors 236 and 237 that have a voltage-controlled capacitance. The anodes of the
pair of matching varactors 236 and 237 are respectively coupled to the positive output node
VCO_P and negative output node VCO_N as shown in Fig. 2. The cathodes of the pair of
matching varactors 236 and 237 are controlled by the tuning voltage signal Vryns, thus the
capacitances of the varactors 236 and 237 vary with the tuning voltage signal Vyyng. It is noted
that the varactors 236 and 237 can be implemented by any suitable devices, such as junction-
diode capacitors, metal-oxide-semiconductor (MOS) capacitors, and the like. In an embodiment,
when the tuning voltage signal Vyyng increases, the first capacitance decreases, and when the
tuning voltages Vrung decreases, the first capacitance increases.

[0038] The second capacitor unit 240 provides a second capacitance to the positive
output node VCO_P and the negative output node VCO_N. The second capacitance can ramp
from a first value 10 a second vahue over a time duration. In an embodiment, the second
capacitor unit 240 inclodes a capacitor bank having a plurality of capacitor units Cg.q to Csy that
are respectively controlied by a plurality of voltage control signals V.10 Ven. Each of the
capacitor units Cs.1 to Cg.v includes a pair of matching varactors. The anodes of the pair of
matching varactors are respectively coupled to the positive output node VCO_P and the negative
output node VCO_N. The cathodes of the pair of matching varactors are conirelled by one of
the plurality of voltage control signals Vcto Ve It is noted that the varactors can be
implemented by any suitable devices, such as junction-diode capacitors, metal-oxide-
semiconductor (MOS) capacitor, and the like. In an embodiment, when a voltage control signal,
such as Ve, is relatively low, the capacitor unit Cs.; has relatively high capacitance, and when
V.1 1s relatively high, the capacitor unit Cg.; has relatively low capacitance. |

[0039] Each of the voltage control signals Ve  to Ve has stable states and ramp
states. When a voltage control signal is in a stable state, the pair of matching varactors
controlled by the voltage control signal has relatively stable capacitances. When a voltage
control signal is in a ramp state, the pair of matching varactors controlied by the voliage control
signal has ramping capacitances.

[0840] In an example, the stable states include a relatively low voltage (LO) state and a
relatively high voltage (HI) state, and the ramp states include a ramp-up state and a ramp-down

state. In the LO state, the voltage control signal keeps at a relatively low voltage, and thus the
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pair of matching varactors controlled by the voltage control signal has a relatively high
capacitance. In the HI state, the voltage control signal keeps af a relatively high voltage, and
thus the pair of matching varactors controlled by the voltage control signal has a relatively low
capacitance. In the ramp-up state, the voltage control signal increases, for example linearly,
from the relatively low voltage to the relatively high voltage in a time duration. Then, the
capacitances of the pair of matching varactors ramp down. In the ramp-down state, the voltage
control signal decreases, for example linearly, from the relatively high voltage to the relatively
low voltage in a time duration, Then, the capacitances of the pair of matching varactors ramp
up.

[0041}] During operation, when the tuning voltage signal Vryngp stays in a
predetermined range, the voltage control signals Ve to Ve are in the stable states, either in the
LO state or in the HI state. The second capacitance of the second capacitor unit 240 is stable,
The oscillating frequency of the VCO 230 depends on the comﬁination of the first capacitance
and the second capacitance. The first capacitance is 2 fanction of the tuning voltage signal
Vrung. The tuning voltage signal Vs is adjusted to keep the oscillating frequency stable,

[0042] When the tuning voltage Vryng is larger than an upper Hmit of the
predetermined range, one of the voltage control signals that was in the LO state, for example Ve
w, is switched to the ramp-up state. When Ve ramps up, the capacitance of the capacitor unit
Cs ramps down. Thus, the second capacitance ramps down, which tends to increase the
oscillating frequency. To keep the oscillating frequency stable, the tuning voltage Vyyng is
lowered to increase the first capacitance. Thus, the tuning voltage Vyyng is pulled down into the
predetermined range. 'When the VCO 230 is used in a PLL, such as the PLL 101, the ramp rate
of the Vo can be suitably determined fo allow the PLL 101 to have enough time to response.
Thus, in response to the ramp-up' of Vo, the PLL 101 pulls down the tuning voltage Vg into
the predetermined range, and keeps the oscillating frequency relatively stable.

[0043]) When the tuning voltage Virung is sraller than a lower limit of the
predetermined range, one of the voltage control signals that was in the HI state, for example V.
1, 18 switched to the ramp-down state, When Ve.; ramps down, the capacitance of the capacitor
unit Cs.; ramps up. Thus, the second capacitance ramps up, which tends to decrease the
oscillating frequency. To keep the oscillating frequency stable, the tuning voltage Viyung is

raised to decrease the first capacitance. Thus, the tuning voltage Vrune is pulled up into the
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predetermined range. When the VCO 230 is used in a PLL, such as the PLL 101, the ramp rate
of the V¢.; can be suitably determined to allow the PLL 101 to have enough time to response.
Thus, in response to the ramp-down of V., the PLL 101 pulls up the tuning voltage Vyne into
the predetermined range, and keeps the oscillating frequency relatively stable,

[0044]) TFig, 3 shows a plot 300 of waveform examples for using VCO 230 in the PLL
101 according to an embodiment of the disclosure. The plot 300 includes a first waveform 310
for the tuning voltage signal Voyxg, and a second waveform 320 for the voltage control signal
Ve,

[0045] In an example, initiaily, the voltage control signal Ve is at the LO state.
When environmental conditions change, such as temperature drifis, and the like, the oscillating
frequency of the VCO 230 tends fo change. To keep the oscillating frequency stable, the tuning
voltage signal Vg is adjusted to compensate for the environmental conditions changes. When
the tuning voltage Vryngs stays in the predetermined range between the upper limit Vyong maxs
and the lower Hmit Vryng_ v, 28 shown by 312, the voltage control signal stays in the LO state,
as shown by 322,

[0046) However, in an example, the VCO 230 is used in a low noise application. To
reduce noise sensitivity, the gain of the VCO 230 is relatively small. Thus, when the

~ environmental conditions changes are relatively large, the tuning voltage signal Vyung is out of

the predetermined range. For example, when a temperature raise is too high, the tuning voltage
signal Vyune becomes larger than the upper limit Vrung_wmax, as shown by 311, which will
trigger one of the voltage control signals, such as Ve, to switch to the ramp-up state as shown
by 321. In the ramp-up state, the voltage control signal V. increases from the relatively low
voltage to the relatively high voltage over a time duration, as shown by 323, The ramp-up of the
voltage control signal Vo results in a decrease of the second capacitance, The decrease of the
second capacitance tends to increase the oscillating frequency of the VCO 230. To keep the
oscillating frequency stable, the PLL 101 pulls down the tuning voltage Vrune, as shown by 313,
In an example, the PLL 101 is suitably designed, such that when the voltage control signal Ve
reaches the relatively high voltage, the tuning voltage Vrung is pulled fo a position that is about
the middle position, as shown by Vyune_aip in the Fig. 3, in the predetermined range.

[0047] When the voltage control signal Ve.n reaches the relatively high voltage, the

voltage control signal Ve stays in the HI state, It is noted that when the temperature continues
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to rise, the tuning voltage signal Vryng continues to rise, as shown by 314. The voltage control
signal Ve keeps-at the HI state, as shown by 324. When the tuning voltage Vrung rise higher
than the upper limit Vruue_max again, another voltage control signal at the LO state, for example
Ve, Is switched to the ramp-up state,

[0048] Fig. 4 shows a block diagram of a ramp controller example 420 according to an
embodiment of the disclosure. The ramp controller 420 can be used o generate the voltage
control signals V.1 to Ve to control the VCO 230. The ramp controller 420 generates control
signals C-1 to C-N, switch signals S-1 to S-N, and a ramp signal. The switch signals S-1 to §-N
are respectively used to control switches SW-1 to SW-N. Each switch, such as SW-1, is
controlled to either direct the ramyp signal as the voltage control signal V., or direct the
corresponding control signal C-1 as the voltage control sighal Ve, The ramp controller 420
includes a control logic 421 and a ramp generator 450. These elements are coupled together as
shown in Fig. 4.

{0049] The control logic 421 generates the. contro! signals C-1 to C-N to control the
stable states of the voltage control signals Ve to Ve, In an example, the control signals C-1 to
C-N are binary signals. The ramp controller 420 includes suitable driving circuits, such as
inverters INV-1 to INV-N to drive the voltage control signals Ve to Vo to the LO state or the
HI state based on the binary signals C-1 to C-N,

[0050] In addition, the conirol logic 421 generates a digital ramp signal in response to a
received trigger signal, and provides the digital ramp signal to the ramp generator 450, In an
embodiment, the control logic 421 includes a counter (not shown) that counts up from zero to a
fall-scale digital number in response to a ramp-up trigger signal and counts down from the full-
scale digital number to zero in response to a ramp-down trigger signal.

[0051] The ramp generator 450 receives the digital ramp signal, and generates an
analog ramp signal, and provides the analog ramp signal to the switches SW-1 to SW-N.

[0052] Further, the control logic 421 generates switch signals S-1 to S8-N io
respectively control the switches SW-1 to SW-N. Based on the switch signals S-1 to S-N, the
swiiches SW-1 to SW-N respectively control the voltage control signats V. to Ve to be the
stable signals or the ramp signal,

[6053] In an example, when the tuning voltage Vyung is in the predetermined range, the

trigger signal is not generated. The control logic 421 generates the control signals C-1 to C-N.
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The control signals C-1 to C-N control the inverters INV-1 to INV-10 to generate stable states.
Further, the coniro] logic 421 outputs the switch signals S-1 to 8-N to control the switches SW-1
to SW-N to direct the stable states to the voltage control signals Vi to Ve

[0054] When the trigger signal is a ramp-up frigger signal, for example, the control
logic 421 generates a digital ramp-up signal, and provides the digital rarop-up signal to the ramp
generator 450. The ramp generator 450 generates an analog ramp-up signal. In addition, the
control Jogic 421 adjusts a switch signal, for example S-N, to switch the corresponding switch
SW-N to direct the analog ramp-up signal to the corresponding voltage control signal that wag in
the LO state previously. It is noted that the control logic 421 may keep the rest of the switch
sigmals, for example 8-1 to S-N-1. In addition, in an example, the control logic 421 also updates
the control signal, for example, C-N from 1 to 0, to the corresponding switch. When the output
Ve reaches the HI state, the control logic 421 then adjusts the switch signal S-N to switch back
the corresponding switch SW-N to direct the stable control signal fo the cutput.

[0055] The control logic 421 can be implemented by any suitable techniques. In an
embodiment, the control logic 421 is implemented by a state machine,

[0056] Fig. 5 shows a diagram of a ramp generator example 550 according to an
embodiment of the disclosure. The ramp generator 550 includes a digital to analog converter
(DAC) 551, a resistor 552 and a capacitor 553. These elements are coupled together as shown in
Fig, 5. '

{0057) The DAC 551 receives the digital ramp signal, and converts the digital ramp
signal to an analog signal. The resistor 352 and the capacitor 553 form a low pass filter to
remove high frequency components, and to output the analog ramp signal,

[0058] Fig. 6 shows a diagram of another ramp generator example 650 according to an
embodiment of the disclosure. The ramp generator 650 inclades a sigma-delta modulator 651
and an inverter 652, The sigma-delta modulator 651 receives the digital ramp signal, and
generates a modulated pulse stream based on the digital ramp signal. The inverter 652 suitably
shapes the HI state and the LO state of the modulated pulse stream. The modulated pulse stream
has a relatively high pulse frequency. The pulse stream modulates the capacitance in the ramp
state af high frequency, introducing FM modulation in the VCO. Typically, the VCO sensitivity

to FM modulation tends to decrease as the FM modulation frequency is increased, so the
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degradation infroduced by the pulse stream can be reduced by increasing the frequency of the
pulses.

[0059] Fig. 7 shows a flow chart outlining a process example 700 for a ramp module,
such as the ramp module 110, to generate ramp signals according to an embodiment of the
disclosure, The ramp module 110 includes the ramp controller 120 and the monitor 115. The
process starts at S701, and proceeds to §710.

[8060] At S710, the ramp module 110 starts from a cold start up. In an example, the
ramp controller 120 is implemented as the ramp controller 420 in Fig, 4. The ramp controller
420 initializes the control signals C-1 to C-N that control half of the voltage control signals Ve
10 Veuy to the HI state, and control the other half of the voltage control signals Vo to Ve to the
LO state.

[6061] At 8720, the ramp module 110 ig idle and keeps signals stable for a time
duration.

[0062] At 8730, the monitor 115 monitors the tuning voltage Vrung, and determines
whether the tuning voltage Vrong stays in the predetermined range. When the funing voltage
Vrung stays in the predetermined range, the process refurns to 8720; otherwise, the process
proceeds to S740.

[8063] At 8740, the monitor 115 determines whether the tuning voltage Vyuns is larger
than the upper Hmit. When the tuning voltage Viyyng is larger than the upper Hmit, the process
proceeds to 8750; otherwise, the process proceeds to S760.

[0064] At 8750, the ramp module 110 generales a positive ramyp signal, In an example,
the positive ramp signal is a ramp-up voltage signal. The ramp-up voltage signal is used to
control a component in a VCO, such as a varactor in the second capacitor unit 240 of the VCO
230. The varactor is previously controlled by a LO state control voltage. When the control
voltage ramps up, the capacitance of the varactor changes. 1t is noted that the capacitance
change tends to change the oscillating frequency of the VCO 230. When the VCO 230 is used in
a PLL, such as the PLL 101, the PLL 101 suitably responds to the capacitance change, When the
ramp rate is relatively slow, the PLL 101 gradually reduces the tuning voltage Vrune to keep the
oscillating frequency substantially stable. Then the process refurns to $720.

[0065] At 85760, the ramp module 110 generates a negative ramp signsal, Inan

example, the negative ramp signal is a ramp-down voltage signal, The ramp-down voltage
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signal is used to control a component in & VCO, such as a varactor in the second capacitor unit
240 of the VCO 230. The varactor is previously controlled by a HI state control voltage. When
the control voltage ramps down, the capacitance of the varactor changes. It is noted that the
capacitance change fends to change the oscillating frequency of the VCO 230, When the VCO
230 is used in a PLL, such as the PLL 101, the PLL 101 suitably responds fo the capacitance
change. When the ramp rate is relatively slow, the PLL 101 gradually increases the tuning
voltage Vrung to keep the oscillating frequency substantially stable. Then the process returns to
§720.

[0066] While the invention has been described in conjunction with the specific
embodiments thereof that are proposed as examples, it is evident that many alternatives,
modifications, and variations will be apparent to those skilled in the art. Accordingly,
embodiments of the invention as set forth herein are intended to be illustrative, not limiting,

There are changes that may be made without departing from the scope of the invention.
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WHAT IS CEAIMED IS:
1. An apparatus, comprising:

a voltage-controlled oscillator (VCO) having a first capacitor unit and a second
capacitor unit, the VCO being configured o generate an oscillating signal having a frequency
based on a first capacitance of the first capacitor unit and a second capacitance of the second
capacitor unit;

a detector module configured to generate a voltage signal as a function of the
oscillating signal and a reference signal, the voltage signal being used to control the first
capacitor unit to stabilize the frequency of the oscillating signal; and

a ramp module configured to generate a ramp signal based on the voltage signal,
the ramp signal being used to control the second capacitor unit fo ramp the second capacitance
from a first value fo a second value to keep the voltage signal in a predetermined range.

2. The apparatus of claim 1, wherein

the ramp module is configured to generate the rtamp signal when the voltage
signal is out of the predetermined range.

3. The apparatus of claim 2, wherein

the ramp module is configured to generate the ramp signal to ramp down the
second capacitance when the voltage signal is_ larger than an upper limit of the predetermined
range, and to ramp up the second capacitance when the vollage signal is smaller than a lower
limit of the predetermined range.

4. The apparatus of claim 2, wherein the ramp module further comprises:

a monitor configured to monitor the voltage signal, and generate a trigger sighal

when the voltage signal is out of the predetermined range; and

a rtamp controller configured to generate the ramp signal in response to the trigger

signal.
5. The apparatus of claim 4, wherein the ramp controller further comprises:
a counter configured to generate a digital ramp signal by counting in response to
the trigger signal; and

a digital to analog converter (DAC) configured to convert the digital ramp signal
to the ramp signal.
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6. The apparatus of claim 4, wherein the ramp controller further comprises:

a counter configured to generate a digital ramp signal by counting in response to
the trigger signal; and

a sigma-delta modulator configured fo generate a pulse stream that is modulated
based on the digital ramp signal,

7. The apparatus of claim 1, wherein the second capacitor unit includes at least a
capacitor, and the ramp signal is used 1o ramp a control voltage of the capacitor from a first
voltage o a second voltage,

8. The apparatus of claim 7, further comprising;

a switch configured to switch the control voltage between a stable state and a
ramp state.

9, The apparatus of claim 7, wherein the capacitor is at least one of a junction-diode
capacitor, and a metal-oxide-semiconductor {MOS) capacitor.

10.  The apparatus of claim 1, wherein the detector module further comprises:

a frequency divider configured to frequency divide the oscillating signal;

a phase detector 1o detect phase errors between the frequency-divided oscillating
signal and the reference signal; and

a loop filter configured to generate the voliage signal based on the phase errors.

11. A method for drift compensation, comprising;

generating an oscillating signal based on a first capacitance of a first capacitor
unit and a second capacitance of a second capacitor unit;

generating a voltage signal as a function of the oscillating signal and a reference
signal;

adjusting the first capacitance of the first capacitor unit based on the voltage
signal to stabilize the frequency of the oscillating signal; and

ramping the second capacitance of the second capacitor unit from a first value to a
second value when the voltage signal is out of a predetermined range to keep the voltage signal
in the predetermined range.

12, The method of claim 11, wherein ramping the second capacitance of the second
capacitor unit from the first value to the second value when the vollage signal is out of the

predetermined range, further comprises:
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ramping down the second capacitance when the voltage signal is larger than an
upper limit of the predetermined range; and

ramping up the second capacitance when the voltage signal is smaller than a
lower Himit of the predetermined range.

13, The method of claim 11, wherein ramping the second capacitance of the second
capacitor unit from the fiyst value to the second value when the voltage signal is outside the
range, further comprises:

ramping a control voltage of a capacitor in the second capacitor unit from a first
voltage to a second voltage, or from the second voltage to the first voltage.

14, The method of claim 13, further comprising;

switching the control voltage of the capacitor from a stable state to a ramp state
that ramps from the first voltage to the second voltage or from the second voltage to the first
voltage.

15, The method of claim 13, further comprising:

~ ramping the control voltage of at least one of a junction-diode capacitor, and a
metal-oxide-semiconductor (MOS) capacitor,

16.  The method of claim 11, further comprising:

monitoring the voltage signal;

generating a trigger signal when the voltage signal is out of the predetermined
range; and

generating the ramp signal in response to the trigger signal,

17.  The method of claim 16, wherein generating the ramp signal in response to the
trigger signal further comprises:

generating a digital ramp signal by counting in response to the trigger signal; and
digital to analog converting the digital ramp signal into the ramp signal.

18.  The method of claim 16, wherein generating the ramp signal in response to the
trigger signal further comprises:

generating a digital ramp signal by counting in response to the trigger signal; and
generating a pulse stream that is modulated based on the digital ramp signal.

19.  The method of claim 11, wherein generating the voliage signal as a function of

the oscillating signal and the reference signal further comprises:
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frequency-dividing the oscillating signal;
detecting phase errors between the frequency-divided oscillating signal and the
reference signal; and
generating the voltage signal based on the phase errors.
20.  An electronic system, comprising:
a phase-locked loop (PLL) for generating an oscillating signal, the PLL
comprising:

a voltage-controlled oscillator (VCO) having a first capacitor unit and a
second capacitor unit, the VCO being configured to generate the oscillating signal having a
frequency based on a first capacitance of the first capacitor unit and a second capacitance of the
secomd capacitor unit;

& detector module configured to generate a voltage signal as a function of
the oscillating signal and a reference signal, the voltage signal being used to control the first
capacitor unit to stabilize the frequency of the oscillating signal, and

a ramp module configured to generate a ramp signal based on the voltage
signal, the ramp signal being used to conirol the second capacitor unit to ramp the second
capacitance from a first value to a second value to keep the voltage signal in a predetermined
range; and

a transceiver configured to operate based on the oscillating signal.
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