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(57) A semiconductor integrated circuit device for
communication is provided with a PLL circuit or the
like formed therein, the PLL circuit which is capable
of realizing the compensation of fluctuation due to
temperature change, the inhibition of increase in the
chip area and the ensurement of the performance
margin, and which controls a VCO having multiple
oscillation frequency bands. In the case where
automatic calibration is performed by switching a
switch to a side of a DC voltage source in the PLL
circuit using a VCO having multiple oscillation bands,
a tuning voltage (Vtune) of an RFVCO is fixed to a
voltage value of a DC voltage source. However, since
a temperature characteristic of canceling a VCO
oscillation frequency is given to the DC voltage
source, it is possible to minimize the influence on the
band selection when a calibration table comes to no
optimum one.
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FIG.4
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2389254

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE FOR COMMUNICATION

The present invention relates to a technique effectively
applied to a PLL (Phase Locked Loop) circuit in which a VCO
(Voltage Controlled Oscillator) is provided and an oscillation
frequency can be switched. For example, the present invention
relates to a technique effectively used in a radio frequency
integrated circuit device provided with a PLL circuit that
generates an oscillation signal having a predetermined
frequency to be synthesized with a received signal or a
transmitted signal in a mobile communication device such as a
mobile phone or the 1like capable of receiving/transmitting
signals in multiple bands. Furthermore, the present invention
relates to a technique effectively applied to a wireless
communication system using this radio frequency integrated
circuit device.

According to the examinations made by the inventors of
the present invention, with respect to the wireless
communication system such as a mobile phone or the like,
techniques as shown below are knowr.

In the wireless communication system such as a mobile
phone or the like, a PLL circuit is used as a local oscillator
that generates an oscillation signal having a predetermined

frequency to be synthesized with a received signal and a



transmitted signal. Heretofore, a dual-band mobile phone is
known, which can process the signals having two frequency bands,
for example, a GSM (Global System for Mobile Communication)
having a frequency band of 900 MHz and a DCS (Digital Cellular
System) having a frequency band of 1800 MHz. Also, one type of
the dual-band mobile phone can handle the two bands by one PLL

circuit.

SUMMARY OF THE INVENTION

In recent years, with respect to the mobile phone as
described above, a triple-band mobile phone has been demanded,
which can process a signal of PCS (Personal Communication
System) having a frequency band of 1900 MHz in addition to the
GSM and the DCS, and a technique concerning such a triple-band
mobile phone has been also proposed. It can be expected that
demands for a mobile phone capable of handling more bands will
be emphasized in the future.

In such a mobile phone capable of handling the multiple
bands, the PLL circuit is an indispensable technology for
obtaining a local oscillation signal having an optional
frequency and the PLL circuit must be operated at a frequency
based on the mobile phone to be used. A PLL circuit using a VCO
that has multiple oscillation frequency bands and thus has a
wide frequency range has been already proposed. This PLL
circuit can compensate for the fluctuation of the VCO due to
the variance of manufacture, by using the calibration function
of 1its own. More specifically, even if the oscillation

frequency of each band is not known exactly because of the



variance of devices manufactured, the use of a automatic
calibration function and an automatic band selection function
make it possible to select the appropriate band.

However, as a result of examining the above-mentioned PLL
circuit used in the mobile phone as a premise technigque of the
present invention, the inventors of the invention have found
out the following matters.

(1) The oscillation frequency of the VCO fluctuates
depending on the temperature. Therefore, the calibration table
constructed by the automatic calibration at the time of switch-
on depends on temperature and so comes to no optimum one. More
specifically, after the switch-on, the temperature of the
mobile phone changes as the temperature of the circuit therein
increases, and even the date according to the calibration table
constructed after the switch-on is thought to have some error.
As a result, there is a possibility that the optimum band can
not be selected at the time of the automatic band selection.

(2) With regard to the PLL circuit having multiple bands
but not switching the band once the band is set, if the same
sequence as that of the PLL circuit of (1) mentioned above 1is
used, an occupied area thereof becomes increased and sc this is
not effective.

(3) The sensitivity of oscillation frequency vs tuning
voltage of the VCO depends on the oscillation frequency band.
Therefore, since the loop bandwidth of the PLL circuit is
changed depending on the selected band, the design of the LPF
(Loop Filter) or the like of the PLL circuit becomes difficult.

Thereupon, with respect to the PLL circuit for



controlling the VCO having multiple oscillation frequency bands
similarly to the above-mentioned PLL circuit serving as the
premise technigque of the present invention, while paying
attention to the products such as a radio frequency integrated
circuit device (hereinafter, referred to as RFIC) or the 1like
having a PLL circuit or the like formed therein, the inventors
of the present invention have conceived such things as shown
below, which relate to the items to be important at the stage
of production such as an operation compensation by the
temperature, and a chip area, and a performance margin.

More specifically, in the product such as the RFIC or the
like, it is necessary to compensate for the frequency variance
due to temperature change or change in characteristics with
time. Also, in the PLL c¢ircuit which has multiple oscillation
frequency bands in order to inhibit the increase in the chip
area and which, once a band is set, does not switch the band,
it is necessary to change the algorithm. Furthermore, it is
necessary to improve the performance of a synthesizer and to
ensure the performance margin by compensating for the
fluctuation of the sensitivity of the VCO frequency vs tuning

voltage, which depends on the oscillation frequency band.

Preferably the present invention provides a semiconductor integrated circuit device for

communication such as an RFIC or the like having a PLL circuit
or the like that controls a VCO having multiple oscillation
frequency bands and that is capable of realize the compensation
of operation due to temperature change, the inhibition of

increase in the chip area, and the ensurement of the



performance margin, with taking the products such as an RFIC or
the 1like in consideration.

The above and other objects and novel characteristics of
the present invention will be apparent from the description of
the specification and the accompanying drawings.

The typical aspects of the inventions disclosed in this
application will be briefly described as follows.

More specifically, the present invention is applied to
the semiconductor integrated circuit device for communication,
the device including a PLL circuit which has a VCO constituted
to be capable of oscillation and operation in multiple
frequency bands; a phase comparator for detecting the phase
difference between a feedback signal from this VCO and a
frequency signal used as a reference; a charge pump for
generating a current in response to the phase difference
detected by this phase comparator and supplying the current to
to the VCO, and which is capable of outputting an oscillation
signal having a frequency corresponding to specified frequency
information, and the present invention has characteristics as
follows.

(1) The present invention has, as a tuning voltage of the
VCO, a DC voltage source for generating a DC voltage having
reverse dependence to dependence of this VCO in frequency
relative to temperature in the case where the frequency of this
VCO increases with increasing of the VCO tuning voltage, or a
DC voltage source for generating a DC voltage having the same
dependence as dependence of this VCO in frequency relative to

temperature 1in the case where the frequency of this VCO



decreases conversely with increasing the VCO tuning voltage,
and thereby performs calibration after this DC voltage source
is connected to the VCO; oscillates and operates the VCO in
accordance with a DC voltage supplied from the DC voltage
source; measures this oscillation frequency per each frequency
band of the VCO by the frequency counter; and memorizes the
oscillation frequency 1in the memory circuit. By this
constitution, even in the case where the oscillation frequency
of each of the frequency bands is changed due to temperature
change, the appropriate frequency band can be selected.

(2) The present invention has a DC voltage source for
generating a predetermined DC voltage as a tuning voltage of
the VCO, and thereby performs recalibration after the VCO is
connected to the DC voltage source; oscillates and operates the
VCO 1in accordance with a DC voltage supplied from the DC
voltage source; measures an error of a first frequency band out
of all frequency bands of the VCO by the oscillation counter
when this oscillation frequency is measured:; estimates, from
the error, errors of the other frequency bands: and memorizes
the errors in the memory circuit. Or, the present invention
measures errors of all frequency bands of the VCO per temporal
decomposition in turn, and memorizes the errors in the memory
circuit. By such a constitution, even in the case where the
oscillation frequency of each of the frequency bands is changed
due to temperature change, the appropriate frequency band can
be selected.

(3) The present invention has a DC voltage source for

generating a predetermined DC voltage as a tuning voltage of



said VvCO, and thereby performs calibration after the VCO is
connected to the DC voltage source; oscillates and operates the
VCO in accordance with a DC voltage supplied from the DC
voltage source; measures this oscillation frequency per each of
frequency bands of the VCO by the frequency counter; and
selects a frequency band near a target frequency. In this case,
errors are calculated between values measured per each of the
frequency bands of the VCO and target wvalues of the target
frequency, and a frequency band having the smallest error is
selected. Or, the comparison is performed between values
measured per each of the frequency bands of the VCO and a
target value of said target frequency, and a frequency band is
selected which has first a value equal to or less than, or a
value equal to or more than the target value. By such a
constitution, in the PLL circuit in which the switching of the
frequency band that has been once determined is not required,
the occupied area thereof can be reduced.

(4) The present invention performs calibration in such a
state that the PLL circuit is a closed loop, and oscillates and
operates the VCO at a target frequency to measure this tuning
voltage per each of frequency bands of the VCO, and selects a
frequency band having a value that is near a threshold value
corresponding to the target frequency. Or, the present
invention selects a frequency band that is within a range
between two threshold values corresponding to the target
frequency. By such a constitution, in the PLL circuit in which
the switching of the frequency band that has been once

determined is not required, the occupied area can be reduced.



(5) The present invention has a memory circuit for
memorizing tuning sensitivity information showing dependence of
frequency relative to a tuning voltage per each of frequency
bands of the VCO, and controls a current value of the charge
pump at the time of selecting each of the frequency bands of
the VCO, in order to compensate for the dependence of the
frequency relative to the tuning voltage on the basis of the
tuning sensitivity information memorized in the memory circuit
when the selected frequency band is compensated for. By such a
constitution, in the <case where the sensitivity of the
frequency differs relative to the tuning voltage depending on
the frequency band, the bandwidth of the PLL circuit can be
compensated for to become constant by switching the current of

the charge pump.

BRIEF DESCRIPTIONS OF THE DRAWINGS

FIG. 1 is an explanatory diagram showing the
characteristic of the VCO oscillation frequency vs the VCO
tuning voltage of a VCO having multiple oscillation bands, in a
method of minimizing the influence which the fluctuation of the
VCO oscillation frequency due to temperature change exerts on
the time of an automatic band selection according to an
embodiment of the present invention.

FIG. 2 is a block diagram of the PLL circuit using a VCO
having multiple oscillation bands, in a method of minimizing
the influence that the fluctuation of the VCO oscillation
frequency due to temperature change exerts on the time of an

automatic band selection according to an embodiment of the



present invention.

FIG. 3 1is a timing diagram showing an automatic
calibration, in a method of minimizing the influence that the
fluctuation of the VCO oscillation frequency due to temperature
change exerts on the time of an automatic band selection
according to an embodiment of the present invention.

FIG. 4 1is an explanatory diagram showing the change in
the characteristic of the VCO oscillation frequency vs the VCO
tuning voltage relative to temperature, in a method of
minimizing the influence which the fluctuation of the VCO
oscillation frequency due to temperature change exerts on the
time of an automatic band selection according to an embodiment
of the present invention.

FIG. 5 1is an explanatory diagram showing the change in
the VCO oscillation frequency vs tuning voltage characteristic
relative to temperature and showing temperature change of a DC
voltage source, in a method of minimizing the influence on the
fluctuation of the VCO oscillation frequency due to temperature
change at the time of an automatic band selection according to
an embodiment of the present invention.

FIG. & is a block diagram of the circuit of a DC voltage
source having a positive temperature characteristic according
to an embodiment of the present invention.

FIG. 7 is a timing diagram showing recalibration, in a
method of executing the recalibration according to an
embodiment of the present invention.

FIG. 8 is a timing diagram showing GSM, in a method of

executing the recalibration according to an embodiment of the



present invention.

FIG. 9 is an explanatory diagram showing the number of
the recalibrations and that of the TDMA frames, in a method of
executing the recalibration according to an embodiment of the
present invention.

FIG. 10 is an explanatory diagram showing an error of a
target frequency in the characteristic of the VCO oscillation
frequency vs the VCO tuning voltage, in a method of calculating
the error of a target frequency according to an embodiment of
the present invention.

FIG. 11 is a block diagram of a PLL circuit using an
IFVCO for explaining an automatic calibration, in a method of
calculating the error of a target frequency according to an
embodiment of the present invention.

FIG. 12 is a flow chart of the calibration of an IFVCO,
in a method of calculating the error of a target frequency
according to an embodiment of the present invention.

FIG. 13 is an explanatory diagram showing the level
comparison of a target frequency in the characteristic of the
VCO oscillation frequency vs the VCO tuning voltage, in a
method of comparing in level the target frequency according to
an embodiment of the present invention.

FIG. 14 is a block diagram of a calibration circuit block,
in a method of comparing in level the target frequency
according to an embodiment of the present invention.

FIG. 15 is a block diagram showing the case of using a
voltage source, in a method of comparing in level a target

frequency according to an embodiment of the present invention.
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FIG. 16 is a block diagram showing the case of using a
current source, in a method of comparing in 1level a target
frequency according to an embodiment of the present invention.

FIG. 17 is a flow chart showing an automatic calibration,
in a method of comparing in level a target frequency according
to an embodiment of the present invention.

FIG. 18 is a flow chart showing another automatic
calibration, 1in a method of comparing in level a target
frequency according to an embodiment of the present invention.

FIG. 19 1is an explanatory diagram showing the level
comparison with another target frequency in the characteristic
of the VCO oscillation frequency vs the VCO tuning voltage, in
a method of comparing in level a target frequency according to
an embodiment of the present invention.

FIG. 20 is a flow chart showing still another automatic
calibration, in a method of comparing 1in 1level a target
frequency according to an embodiment of the present invention.

FIG. 21 is a flow chart showing still another automatic
calibration, in a method of comparing in level a target
frequency according to an embodiment of the present invention.

FIG. 22 is a flow chart showing still another automatic
calibration, 1in a method of comparing in level a target
frequency according to an embodiment of the present invention.

FIG. 23 is a flow chart showing still another automatic
calibration, in a method of comparing in level a target
frequency according to an embodiment of the present invention.

FIG. 24 is a block diagram showing a calibration circuit

block, in a method of measuring a VCO tuning voltage according

11



to an embodiment of the present invention.

FIG. 25 1is a timing diagram showing an automatic
calibration, in a method of measuring a VCO tuning voltage
according to an embodiment of the present invention.

FIG. 26 1is a timing diagram of another automatic
calibration, in a method of measuring a VCO tuning voltage
according to an embodiment of the present invention.

FIG. 27 is a block diagram of a calibration circuit block,
in a method of measuring another VCO tuning voltage according
to an embodiment of the present invention.

FIG. 28 is a timing diagram of an automatic calibration,
in another method of measuring a VCO tuning voltage according
to an embodiment of the present invention.

FIG. 29 is an explanatory diagram showing the band
dependence in the sensitivity of the VCO oscillation frequency
vs the VCO tuning voltage, in a method of switching the current
value of a charge pump by a band according to an embodiment of
the present invention.

FIG. 30 is a block diagram showing a PLL circuit having
multiple oscillation bands and including a control function for
switching the current of a charge pump, in a method of
switching the current value of a charge pump by a band
according to an embodiment of the present invention.

FIG. 31 is a block diagram showing a multi-band type
mobile phone including an RFIC applying a PLL circuit therein,

in an embodiment of the present invention.
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DESCRIPTIONS OF THE PREFFERRED EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail based on the accompanying drawings. Note
that components having the same function are denoted by the
same reference symbol throughout all the drawings for
describing the embodiments, and the repetitive description
thereof will be omitted.

A PLL circuit to which the present invention is applied
is used as a PLL synthesizer for controlling the VCO having
multiple oscillation frequency bands. The PLL circuit has an
automatic calibration function including a calibration at the
time of switch-on and a recalibration after the switch-on, and
an automatic band selection function for selecting an optimum
oscillation frequency band based on a target frequency. Also,
the PLL circuit can achieve the following: 1. Operating
compensation due to temperature change, 2. Inhibition of the
increase in the chip area, and 3. Ensurement of a performance
margin. Each of them 1ill be described below.

1. Operating compensation due to a temperature drift

In the PLL circuit, the oscillation frequency of the VCO
fluctuates depending on temperature. Therefore, the calibration
table constructed by the automatic calibration at the time of
the switch-on comes to no optimum one due to the temperature
change. Thus, the PLL circuit serving as the premise technique
of the present invention has a possibility that it can not
select the appropriate band. For its solution, in the present
invention, two methods, namely, "1-1. A method of minimizing

the influence exerted by the fluctuation of a VCO oscillation
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frequency due to temperature change at the time of an automatic
band selection” and "1-2. A method of performing a
recalibration” are implemented.

1-1. A method of minimizing the influence exerted by the
fluctuation of the VCO oscillation frequency due to temperature
change at the time of an automatic band selection.

Descriptions will be made of the method of minimizing the
influence that the fluctuation of the VCO oscillation frequency
due to temperature change exerts on the time of the automatic
band selection, with reference to FIGs. 1 to 6. FIG. 1 is an
explanatory diagram showing the characteristic of the VCO
oscillation frequency vs the VCO tuning voltage relative to a
VCO having multiple oscillation bands. FIG. 2 1is a block
diagram of the PLL circuit using the VCO having multiple
oscillation bands. FIG. 3 is a timing diagram of the automatic
calibration. FIG. 4 is an explanatory diagram showing the
change in the characteristic of the VCO oscillation frequency
vs the VCO tuning voltage due to temperature. FIG. 5 is an
explanatory diagram showing the change in characteristic of the
VCO oscillation frequency vs the VCO tuning voltage due to
temperature and showing the temperature change of a DC voltage
source. FIG. 6 is a block diagram of a voltage circuit having a
positive temperature characteristic.

Although not particularly 1limited, the PLL circuit in
this embodiment is a PLL circuit for controlling an RFVCO
having the characteristic of the VCO oscillation frequency vs
the VCO tuning voltage, for example, the characteristic which

has a band of 3700 MHz and in which the band switching in 16
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bands of bands 0 to 15 is used as shown in FIG. 1. Therefore,
the RFVCO can cover the whole frequency range, and, meanwhile,
each of the bands can cover only its small part.

For example, the PLL circuit according to the present
embodiment comprises, as shown in FIG. 2, an RFVCO 1; a
reference clock generator 2 for oscillating a frequency with
great accuracy by using a crystal oscillator; a fixed divider 3
for dividing the reference oscillation signal of the reference
clock generator 2; a variable divider 4 for dividing an
oscillation signal of the RFVCO 1; and a phase comparator 5, a
charge pump 6, an LPF 7, and the 1like for comparing the
respective phases of the signals divided by the fixed divider 3
and the variable divider 4 and for outputting an increased or
decreased voltage corresponding to the phase difference. A
capacitor element of the LPF 7 is charged up by the charge pump
6 and outputted as a tuning voltage Vtune, and thus the PLL
loop is constituted.

The RFVCO 1 1is constituted by, for example, a Colpitts
oscillator circuit using an LC resonator circuit. Further, the
REVCO 1 1is constituted such that a plurality of capacitor
elements constituting an LC resonator circuit are provided in
parallel to each other via respective switching elements, and
the switching elements can be selectively turned on by
switching the connected capacitor elements, that is, by the
value of the C of the LC resonator circuit. Meanwhile, the
RFVCO 1 has a varicap diode as a variable capacitor element,
such that the capacitance of this varicap diode is changed by

the tuning voltage Vtune from the LPF 7 and the oscillation
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frequency is changed successively.

The variable divider 4 can divide the oscillation signal
of the RFVCO 1 into, for example, 1/N at the optional division
ratio corresponding to the synthesizer frequency setting value
set by an outer baseband LSI 8. The oscillation frequency of
the RFVOC 1 is controlled so that the frequency of the signal
divided by the variable divider 4 and the frequency of the
reference oscillation signal of the reference clock generator 2
divided into, for example, 1/R by the fixed divider 3 can
correspond to each other.

The PLL circuit in this embodiment is provided with a
switch 10 located between the charge pump 6 and the LPF 7 and
capable of supplying a predetermined DC voltage to the LPF 7
from the DC voltage source 9 instead of a voltage from the
charge pump 6; a frequency counter 11 for counting the
oscillation signals of the RFVCO 1; a memory circuit 12
including a table or the like for memorizing the value counted
by this frequency counter 11; a comparator circuit 13 for
comparing the frequency value memorized in this memorizing
circuit 12 and the setting value set in the variable divider 4
from the baseband LSI 8; a band control circuit 14 for
controlling the switching of the bands of the RFVCO 1 based on
the comparison result by this comparator circuit 13; a control
circuit 15 for controlling the switch 10, the frequency counter
11, and the like according to the commands such as an automatic
calibration start signal or the like sent from the baseband LSI
8; and the like.

In this PLL circuit, the counter value of each
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oscillation band counted by the frequency counter 11 1is
memorized in the calibration table 16 of the memory circuit 12
at the time of the automatic calibration. Also, the DC voltage
of the DC voltage source 9 can take any voltage value if being
within an effective variable range of the tuning voltage Vtune.
Generally, an upper limit value or a lower 1limit value within
the variable range of the tuning wvoltage Vtune 1is selected.
Especially, in order to correspond to the change in temperature
in the characteristic of the VCO oscillation frequency vs the
VCO tuning voltage, the circuit configuration of this DC
voltage source 9 has such a dependent property that the
frequency thereof changes depending on temperature change.
Detail descriptions thereof will be made later.

In this embodiment, if it is required to expand the
frequency range to be covered, the RFVCO 1 is constituted such
that a plurality of capacitor elements constituting the LC
resonator circuit are provided in parallel, and the capacitor
element used by the band switching signal is switched in n
steps to change the value of the C, and thereby the oscillation
control in accordance with a plurality of characteristic lines
of the VCO oscillation frequency vs the VCO tuning voltage can
be performed. Furthermore, in this embodiment, since the
frequency counter 11, the memory circuit 12, the comparatorl3.
and the band control circuit 14 are provided, adjustment work
for frequency matching is not required.

More specifically, in the case of constituting the RFVCO
1 having multiple oscillation bands as shown in FIG. 1, the

switch 10 is previously switched to apply. to the RFVCO 1, a
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predetermined DC voltage from the DC voltage source 9, and the
frequency at each band is measured by the frequency counter 11
and memorized in the memory circuit 12. At the time of actual
use, a setting value corresponding to a specified band of the
synthesizer frequency given to the variable divider 4 from the
baseband LSI 8 is compared with the measured value memorized in
the memory circuit 12, and the one capable of covering the
frequency range of the specified band is selected from a
plurality of the characteristic 1lines of the VCO oscillation
frequency vs the VCO tuning voltage, and then the RFVCO 1 is
switched (switching of the capacitor element) so as to perform
the oscillation control operation in accordance with a selected
characteristic line.

According to such a method, if the RFVCO 1 is designed so
that a little wider range up to such a degree as to consider
the irreqularity thereof than the frequency range to be covered
in advance 1s covered and also if the RFVCO 1 is designed so
that the respective frequency ranges of adjacent ones among the
characteristic lines of the VCO oscillation frequency vs the
VCO tuning voltage having the n steps as shown in FIG. 1 are
overlapped partly (desirably, by halves), then the
characteristic line capable of covering the specified range
exists surely. Therefore, since the one corresponding to each
specified band may be selected based on the actual
characteristic obtained by the measurement, the matching of the
frequency becomes unnecessary and thereby the band to be used
and the switched state of the RFVCO 1 may be corresponded one

by one in advance.
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Moreover, 1in this embodiment, when the oscillation
frequency of the RFVCO 1 is measured, the start and finish of
the counting operation of the frequency counter 11 are
controlled by the signal dividing the reference oscillation
signal and the frequency counter 11 is made to operate for only
one cycle and thereby the troublesome arithmetic processing is
not required. More specifically, in the case where the variable
divider 4 for dividing the oscillation signal of the RFVCO 1 is
provided, if the counter value of the frequency counter 11
corresponding to the oscillation signal for one cycle in each
band is memorized, then it 1is possible to determine on the
basis of which one of the characteristic lines of the VCO
oscillation frequency vs the VCO tuning voltage the RFVCO 1
should be made operate, only by comparing these counter values
and the setting value supplied to the variable divider 4 from
the outside.

In the PLL circuit having the configuration as described
above, the automatic calibration switches, as shown in the
timing diagram of FIG. 3, the switch 10 to a side 2 (to a side
of the DC voltage source 9) by the control circuit 15 at the
time of the switch-on, and thereby the tuning voltage Vtune of
the RFVCO 1 1is fixed to the voltage value of the DC voltage
source 9. Thereafter, in the processes of each of the bands 0
to 15, the oscillation bands are set by turns to count the
frequency thereof by the frequency counter 11, and the counter
values are memorized as the calibration table 16 in the memory
circuit 12. After the automatic calibration, the normal

operation of the synthesizer is started.
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Also, the automatic band selection switches the switch 10
to a side 1 (to a side of the LPF 7), and thereby the frequency
setting value from the baseband LSI 8 and the counter value
memorized in the calibration table 16 of the memory circuit 12
are compared and an optimum band is selected.

Next, the method of minimizing the influence exerted by
the fluctuation of the VCO oscillation frequency due to
temperature change at the time of the automatic band selection
will be described concretely. In the case of performing the
automatic calibration, the tuning voltage Vtune of the RFVCO 1
is fixed to the voltage value of the DC voltage source 9. In
this embodiment, however, since the temperature characteristic
for canceling the VCO oscillation frequency is given to the DC
voltage source 9 (expression (1)), the influence on the band
selection can be minimized at the time when the calibration
table 16 comes to no optimum one.

AfVCO / AT = -2KVCO (AVB / AT) ... (1),
where AfVCO, KVCO, AVB, and AT are defined as the change in the
oscillation fregquency of the RFVCO 1, the sensitivity of the
oscillation frequency vs the tuning voltage of the RFVCO 1, the
change in the DC voltage of the DC voltage source 9, and the
temperature change, respectively.

For example, if the voltage value of the DC voltage
source is constant (e.g., 1.5V) and has no temperature
dependence like the PLL circuit according to the premise
technique of the present invention, then when the temperature
at the time of the switch-on is -25°C as shown in FIG. 4, 3750

MHz is counted and memorized as the calibration table 16 of the
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band 8. Thereafter, when the temperature rises to +75°C, 3750
MHz is equivalent to the tuning voltage Vtune of 2V. This
produces the same result as the case where the voltage value of
the DC voltage source is 2V on such the environment that the
temperature at the time of the switch-on is +75°C.

Similarly, such the environment that the temperature at
the time of the switch-on is +75°C and thereafter the
temperature falls to -25°C is equal to the case where the
temperature at the time of the switch-cn is -25°C and where the
voltage value of the DC voltage source is 1V. More specifically,
this corresponds a 1V fluctuation of the DC voltage source
equivalently from 1V to 2V due to temperature change. In the
constitution of the PLL circuit according to the premise
technique of the present invention, the tuning voltage Vtune at
the time of the normal operation operates by using the voltage
value of the DC voltage source as a base point. Therefore, that
the DC voltage source fluctuates large means that the base
point of the tuning voltage Vtune at the time of the normal
operation fluctuates large.

Contrary to this, if a temperature characteristic is
thought to be given to the voltage value of the DC voltage
source 9 1like the PLL circuit of the present invention, as
shown in FIG. 5, in the case where the temperature at the time
of the switch-on is -25°C and where the VCO tuning voltage is
1.25V at the time of this, 3725 MHz is counted and memorized as
the calibration table 16 of the band 8. If the temperature
rises to +75°C, the 3725 MHz corresponds to the tuning voltage

Vtune of 1.75V. This means the environment in which the
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temperature at the time of the switch-on is +75°C, and results
in the same as the case where the voltage value of the DC
voltage source 9 is 1.75V.

Similarly, such an environment that the temperature at
the time of the switch-on is +75°C and the VCO tuning voltage is
1.75V at the time of this and thereby the temperature falls to
-25°C is equal to the case where the temperature at the time of
the switch-on is -25°C and where the voltage value of the DC
voltage source 9 is 1.25V. More specifically, this corresponds
to a 0.5V fluctuation of the DC voltage source 9 from 1.25V to
1.75V due to the temperature change. This shows that the
fluctuation in the base point of the tuning voltage Vtune
becomes smaller in comparison to the case where the DC wvoltage
source has no temperature characteristic. In this case, AfVCO,
KVCO, AVB, and AT are -50MHz, 50MHz/V, 0.5V, and 100deg,
respectively, each of which satisfies the expression (1).

For example, FIG. 6 shows an example of a circuit
configuration of the DC voltage source 9 having a positive
temperature characteristic. The circuit is constituted by a
transistor T, MOSFETs M2 and M3, resistors R2 and R3, and the
like. 1In this voltage circuit, if the base-emitter voltage of
the transistor T is set to VBE, then V2 can be obtained by the
expression (2).

V2 = V1 - VBE ...(2)

Therefore, a current I2 passing through the resistor R2
can be obtained by the expression (3)

I2 =V2 / R2 = (V1 - VBE) / R2 ...(3)

Assuming that a current mirror circuit composed of the
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MOSFETs M2 and M3 returns the current at a ratio of 1 to 1,
then I3 = I2 can be obtained and V3 can be obtained by the
expression (4).

V3 = R3 * I3 =R3 ¢ I2 = R3 (V1 - VBE)/ R2 ...(4)

When the expression (4) is differentiated with the

temperature, the expression (5) can be obtained.

dv3 7/ dT = 4 [R3 (V1 - VBE) / R2] / AT ...(5),
where assuming that the temperature dependence of the output V1
and the resistors R2 and R3 in a bandgap reference circuit is 0,
the expression (6) can be obtained.

dv3d / dT = -d (R3 / R2) x 4AVBE / 4aT ...(6)

Since VBE usually has a negative temperature
characteristic, dVBE / dT becomes negative and V3 has a
positive temperature characteristic. The circuit configuration
like this makes it possible to give the temperature
characteristic to the voltage value of the DC voltage source 9.

1-2. Method of performing recalibration

With reference to FIGs. 7 to 9, the method of performing
the recalibration will be described. FIG. 7 is a timing diagram
of the recalibration. FIG. 8 is a timing diagram of the GSM.
FIG. 9 is an explanatory diagram showing the number of the
recalibrations and that of the TDMA frames (in the case of the
oscillation bands 16), respectively.

The fluctuation of the VCO oscillation frequency due to
the temperature change is recalibrated and reflected to the
calibration table 16, and thereby the optimum band selection
can be executed at any time. However, because of the

development of high-speed information communication by mobile
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phones, it is impossible to take the time for recalibrating all
of the bands except the time of the switch-on. Accordingly,
only one band (or the number of bands allowed in time by the
system) 1is recalibrated during the normal operation of the
mobile phone. There are two methods available to this
recalibration.

(1) In the case where the frequency of the PLL circuit is
set, the band of the VCO oscillation frequency is selected
based on the previous calibration table 16. The recalibration
is performed relative to only this selected band. The
configuration of the PLL circuit used in this method is the
same as that of the PLL circuit shown in FIG. 2. The timing
diagram in this case is shown in FIG. 7. In the aforementioned
calibration at the time of the switch-on shown in FIG. 3, the
counting operations are performed relative to all of the bands
and the total time is Ta + 16 x Tb. Meanwhile, in this case
shown in FIG. 7, a counting operation is performed relative to
only one band and the total time is Ta + Tb. After the counting,
the error of the previous calibration table 16 is calculated
and the calculated error is added to the calibration tables 16
of all bands.

More specifically, a method is used in which on the basis
of the fact that an actually counter value is measured about
one band but the change of one band is egual to those of the
other bands, the counter value memorized about the selected
band is wupdated and simultaneously the counter value is
estimated also about the rest of the bands to update the

calibration tables 16.
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In this method, in the timing diagram of the GSM as shown
in FIG. 8, the recalibration is performed after a monitor
having been performed once relative to one frame. In the GSM,
the period of time is divided into a series of short period
called time slot in the TDD (Time Division Duplexing). The
slots are combined and grouped into a frame, a super frame, or
a hyper frame. A base station requires a function of
transmission and reception simultaneously. However, the mobile
phone does not perform simultaneous transmission and reception.

(2) The recalibration of each oscillation band is
performed by turns per slot of the time division of the mobile
phone regardless of the setting value of the frequency of the
PLL circuit, and the aforementioned sequence 1is repeated to
rewrite the calibration tables 16 sequentially. Accordingly, as
shown in FIG. 9, the number of the slots corresponding to that
of the oscillation ©bands are required to perform the
recalibration of all the bands.

2. Inhibition of the increase in the chip area

The PLL circuit is used to switch the band such that the
VCO having multiple oscillation bands corresponds to the
setting frequency. Therefore, it is necessary to provide the
calibration table, which results in the increase of an occupied
area. Meanwhile, in the case where the frequency variable range
is narrow and the switching of the band is unnecessary once the
optimum band is selected, reduction in the occupied area is
desired by using the following methods: 2-1. a method of
calculating the error of the target frequency, 2-2. a method of

comparing the target frequency in level, 2-3. a method of
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measuring a VCO tuning voltage, and 2-4. a method of measuring
another VCO tuning voltage.

2-1. A method of calculating the error of the target
frequency

With reference to FIGs. 10 to 12, the method of
calculating the error of the target frequency will be described.
FIG. 10 is an explanatory diagram of an error of the target
frequency in the characteristic of the VCO oscillation
frequency vs the VCO tuning voltage. FIG. 11 is a block diagram
of a PLL circuit using an IFVCO in order to explain the
automatic calibration. FIG. 12 is a flow chart of the
calibration of an IFVCO.

Although not particularly 1limited, the PLL circuit in
this embodiment is a PLL circuit using, for example, eight band
switches of the bands 0 to 7 and controlling an IFVCO having
the characteristic of the VCO oscillation frequency vs the VCO
tuning voltage, wherein a target frequency has 320 MHz in the
IF (Intermediate Fregquency) band and a variable range is x4 MHz
as shown in FIG. 10.

For example, in the case where the VCO tuning voltage is
set to the voltage value of the DC voltage source, the errors
between the target frequency of 320 MHz and each VCO
oscillation frequency of the bands 0 to 7 are measured and the
band having the smallest error of the errors can be selected as
the optimum oscillation frequency band. In FIG. 10, the band 3
is the optimum band. Detail descriptions thereof will be made
later.

Although the PLL circuit in this embodiment has the same
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configuration as that shown in FIG. 2, the PLL circuit in this
embodiment also has a configuration as shown in FIG. 11 in
order to be applied to an intermediate frequency band. More
specifically, the PLL circuit 1is constituted such that the
RFVCO 1 is replaced with an IFVCO la, and a target frequency of
a memory circuit 12a is inputted to one of the inputs of a
comparator 13a as a fixed value, and a counter value of a
frequency counter lla is inputted to the other of the inputs of
the comparator 13a. FIG. 11 is shown in which "a” is added to
each of reference symbols (numerals) of components
corresponding to the components shown in FIG. 2 and each
component of the PLL circuit has the same function. Therefore,
detailed descriptions therxeof will be omitted here.

In the PLL circuit constituted as described above, the
automatic calibration of the IFVCO la is performed according to
the process shown in FIG. 12.

(1) The VCO tuning voltage Vtune is set to an optional
value (Step S1). This value is not changed during the automatic
calibration. This VCO tuning voltage Vtune serves as, for
example, a voltage value of the DC voltage source 9a in the
configuration shown in FIG. 11. This wvoltage value of the DC
voltage source 9a is set by a control circuit 15a which
switches a switch 10a to a side 2 (to a side of the DC voltage
source 9a) based on the commands sent from the baseband LSI 8
and starting the automatic calibration.

(2) The initial value of an oscillation frequency band is
set to the band 0 and a memorized value ER of an error resistor

is set to the maximum value (Step S2). This setting of the
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oscillation frequency band 1is performed by a band control
circuit l4a. Also, the error resistor is provided in, for
example, the comparator circuit 13a and is finally updated from
the maximum value to the value having the smallest error.

(3) The oscillation frequency of the IFVCO la is measured
(Step S3). The number of pulses from the IFVCO la during a
comparison cycle of the PLL circuit is counted as a means for
measuring this frequency. The counting of this pulse number is
performed by the frequency counter 1lla.

(4) The error between the counter value and the target
value is calculated (Step S4). This calculation of the error is
performed in the comparator circuit 13a based on the counter
value from the frequency counter 1lla and the target value of
the target frequency memorized in the memory circuit 12a, and
the absolute value of the difference therebetween is set as the
error.

(5) The error obtained by the calculation is compared
with the memorized wvalue ER of the error resistor. If the
calculated error is smaller than the memorized value ER, the
memorized value ER of the error resistor is updated with the
value (Steps S5 and S6). The comparison between the error and
the memorized value ER is performed in the comparator circuit
13a. Meanwhile, if the error is larger than the memorized value
ER, this process proceeds to the step of determining whether or
not processes for all bands are finished.

(6) It is determined whether or not processes for all
bands are finished. Then, each one upper band is sequentially

selected until processes for all bands are finished. The
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operation from the counting to the updating of the memorized
value ER is repeatedly performed relative to all bands (Steps
S7 and S8).

(7) After processes for all bands are finished, the band
that has calculated the memorized value ER of the error
resistor left at the end of the step is selected (Step S9). By
doing so, it is possible to select the band having the smallest
error between the target frequency and the VCO oscillation
frequency of each band, as the optimum oscillation freguency
band.

2-2. A method of comparing the target frequency in level

With reference to FIGs. 13 to 23, a method of comparing
the target frequency in level will be described. FIG. 13 is an
explanatory diagram of the level comparison of the target
frequency 1in the characteristic of the VCO oscillation
frequency vs the VCO tuning voltage. FIG. 14 is a block diagram
of a calibration circuit block. FIG. 15 is a block diagram of
the case where a voltage source is used. FIG. 16 is a block
diagram of the case where a current source is used. FIG. 17 is
a flow chart of an automatic calibration. FIG. 18 is a flow
chart of another automatic calibration. FIG. 19 1is an
explanatory diagram showing the level comparison of another
target frequency in the characteristic of the VCO oscillation
frequency vs the VCO tuning voltage. FIG. 20, FIG. 21, FIG. 22
and FIG. 23 are flow charts of still another automatic
calibration, respectively.

As shown in FIG. 13, on the assumption that the IFVCO la

has a negative characteristic of the VCO oscillation frequency
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vs the VCO tuning voltage, when the calibration voltage is set
to a higher permissible value of the IFVCO la, the target
frequency and the VCO oscillation frequency of each band are
compared with each other in level and the smallest band is
selected as the optimum oscillation frequency band. In this
case, the comparison of the upper three bands of the four bands
0 to 3, that is, a band 3 (C3), a band 2 (C2) and a band 1 (Cl),
is made in level.

The same circuit configuration as the circuit
configuration shown in FIG. 11 can be used as the PLL circuit
for realizing a method of making the level comparison of this
target frequency. Note that the calibration circuit block is
constituted such that, as shown in, for example, FIG. 14, 13MHz
/ 26MHz is generated by a reference clock generator 2a, and is
counted in the reference counter 21 of the fixed divider 3a,
and thereafter 1is divided into one-fourth by the calibration
sequencer, and is supplied to the frequency counter 1l1la as a
gate signal. Meanwhile, the tuning voltage Vtune from the IFVCO
la is divided into one-sixteenth by a prescaler 23 of the
variable divider 4a, and is supplied to a frequency counter lla,
and then counts the number of pulses of this oscillation
frequency in one cycle of the gate signal.

Also, as shown in, for example, FIG. 15, in the DC
voltage source 9a, a voltage source such as an electric battery
24 is connected to the LPF 7a of the PLL circuit to set the
fixed voltage. Alternatively, as shown in, for example, FIG. 16,
it is also possible to use a current source 25 for feeding a

current to an LPF 7a for a predetermined time until a desired
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calibration voltage is obtained.

In this calibration «circuit block having such a
configuration, the automatic calibration is performed according
to the process shown in FIG. 17.

{1) The VCO tuning voltage Vtune is set at an optional
value (over the operation wvoltage). This value is not changed
during the automatic calibration. At this time, the target
value X of the target frequency is also set (Step S11).

(2) The initial value of the oscillation frequency band
is set at the highest band 3 and the oscillation frequency of
the TFVCO la is measured (Step S12). As a measuring means of
this frequency, the number of pulses from the IFVCO la during a
comparison cycle of the PLL circuit is counted by the frequency
counter lla. This counter value of the band 3 is set as C3.

(3) The counter value C3 and the target wvalue X are
compared to each other. If the counter value C3 is smaller
(including the case where both are equal), the band 3 is
selected and the automatic calibration is finished (Steps S13
and S14). Meanwhile, if the counter value C3 is larger, the
process proceeds to the next step.

(4) Similarly, the oscillation frequency band is
decremented in order of the second-highest band 2 and further
the third-highest band 1 sequentially, and then the setting of
each band, the measurement of the oscillation frequency of the
IFVCO 1la, and the comparison of the counter value and the
target value are performed, respectively. If the counter value
C2 is smaller than the target value X, the band 2 is selected

and the automatic calibration is finished. If the counter value
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Cl1 is smaller than the target value X, the band 1 is selected
and the automatic calibration is finished (Steps S15 to 520).

(5) As a result of the comparison of the counter value Cl
and the target value X, if the counter value Cl is larger, the
lowest band 0 is selected and the automatic calibration is
finished (Step S21). By doing so, it is possible to select the
band that is nearest to the target value X, as the optimum
oscillation frequency band.

In FIG. 17, the description of the case where the initial
value of the oscillation frequency band is set at the highest
band 3 has been made. However, for example, it is also possible
to set the initial value at the lowest band. The automatic
calibration in this case is performed, for example, according
to the process shown in FIG. 18.

(1) After the target value X of the target frequency is
set, the oscillation frequency band is set at the lowest band 1
and the measurement of the oscillation fregquency and the
comparison of the counter value and the target value are
performed, respectively. If the counter value Cl is larger than
the target value X, the band 0 is selected and the automatic
calibration is finished (Steps S31 to S34). Meanwhile, if the
counter value Cl is smaller, the process proceeds to the next
step.

(2) Similarly, the oscillation frequency band is
incremented in order of the second-lowest band 2 and further
the third-lowest band 3 sequentially, and then the setting of
each band, the measurement of the oscillation frequency of the

IFVCO, and the comparison of the counter value and the target

32



value are performed, respectively. If the counter value C2 is
larger than the target value X, the band 1 is selected. If the
counter value C3 is larger than the target wvalue X, the band 2
is selected and the automatic calibration is finished (Steps
S35 to $40).

(3) As a result of the comparison of the counter value C3
and the target value X, if the counter value C3 is smaller, the
highest band 3 is selected and the automatic calibration is
finished (Step S41). By doing so, it is possible to select the
band that is nearest to the target value X, as the optimum
oscillation frequency bang.

In the foregoing, the description of the case where the
calibration voltage 1s set at the higher permissible value of
the IFVCO la has been made. However, for example, it is also
possible to set the calibration voltage at the lower values. 1In
this case, as shown in, for example, FIG. 19, the calibration
voltage is set at the lower permissible value of the IFVCO 1la,
and the target frequency and the VCO oscillation frequency of
each band are compared to each other with regard to the lower
three bands of the four bands 0 to 3, that is, with regard to
the band ¢ (CO), the band 1 (Cl) and the band 2 (C2). Also in
this case, there are two cases that the initial value of the
oscillation frequency band is set at the highest band 2 (FIG.
20) and that the initial value of the oscillation frequency
band is set at the lowest band 0 (FIG. 21).

In the case where the initial value of the oscillation
frequency band is set at the highest band 2 as shown in FIG. 20,

in accordance with the steps S51 to S61, after the target value
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X of the target frequency is set, the oscillation frequency
band is decremented in order of the highest band 2, the second-
highest band 1 and the third-highest band 0 sequentially, and
then the setting of each band, the measurement of the
oscillation frequency of the IFVCO la, and the comparison of
the counter value and the target value are performed,
respectively. If the counter value C2 is smaller than the
target value X (including the case where both are equal), the
band 3 is selected and the automatic calibration is finished.
If the counter value Cl is smaller, the band 2 is selected and
the automatic calibration is finished. If the counter value CO
is smaller, the band 1 is selected and the automatic
calibration is finished. Meanwhile, if the counter value Cl is
larger than the target value X, the lowest band 0 is selected
and the automatic calibration is finished. By doing so, it is
possible to select the band that is nearest to the target value
X, as the optimum oscillation frequency band.

In the case where the initial value of the oscillation
frequency band is set at the lowest band 0 as shown in FIG. 21,
in accordance with the steps S71 to S81, after the target value
X of the target frequency is set, the oscillation frequency
band is incremented in order of the lowest band 0, the second-
lowest band 1 and the third-lowest band 2 sequentially, and
then the setting of each band, the measurement of the
oscillation frequency of the IFVCO 1la, and the comparison of
the counter value and the target value are performed,
respectively. If the counter value CO is larger than the target

value X, the band 0 is selected and the automatic calibration
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is finished. If the counter value Cl1 is larger, the band 1 is
seiected and the automatic calibration is finished. If the
counter value C2 1is larger, the band 2 is selected and the
automatic calibration is finished. Meanwhile, the counter value
C2 is smaller than the target value X, the highest band 3 is
selected and the automatic calibration is finished. By doing so,
it is possible to select the band that is nearest to the target
value X, as the optimum oscillation frequency band.

Furthermore, some methods of comparing a target frequency
in level are methods of making the level comparison in parallel
as shown in FIG. 22 (corresponding to the characteristic of the
VCO oscillation frequency vs the VCO tuning voltage in FIG. 13)
and FIG. 23 (corresponding to the characteristic of the VCO
oscillation frequency vs the VCO tuning voltage in FIG. 19).

In the case as shown in FIG. 22, after the target value X
of the target frequency is set, the oscillation frequency band
is set at the band 2, the oscillation frequency of the IFVCO 1la
is measured to compare the counter value and the target value
with each other. If the counter value C2 is smaller than the
target value X (including the case where both are equal), the
process proceeds to the step of the band 3. Meanwhile, if the
counter value C2 is larger, the process proceeds to the step of
the band 1 (Steps S91 to S$93).

In the step of the band 3, similarly, the oscillation
frequency band is set at the band 3, and the measurement of the
oscillation frequency of the IFVCO la and the comparison of the
counter value and the target value are performed, respectively.

If the counter value C3 is smaller than the target value X, the
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band 3 is selected. Meanwhile, if the counter value C3 is
larger, the band 2 is selected (Steps S94 to S97).

Also in the step of the band 1, similarly, the
oscillation frequency band is set at the band 1, and the
measurement of oscillation frequency of the IFVCO la and the
comparison of the counter value and the target value are
performed, respectively. If the counter value Cl is smaller
than the target value X, the band 1 is selected. Meanwhile,
when the counter value Cl is larger, the band 0 is selected
(Steps S98 to S101).

In the case as shown in FIG. 23, in accordance with the
steps S111 to S113, after the target value X of the target
frequency is set, the oscillation frequency band is set at the
band 1 and the oscillation frequency of the IFVCO 1la is
measured and then the counter value and the target wvalue are
compared with each other. If the counter value Cl1 is smaller
than the target wvalue X (including the case where both are
equal), the process proceeds to the step of the band 2.
Meanwhile, if the counter value Cl 1is larger, the process
proceeds to the step of the band 0. Also in the steps of the
band 2 and the band 0, similarly, in accordance with the steps
of S114 to S121, the setting of the band, the measurement of
the oscillation frequency of the IFVCO la, and the comparison
of the counter value and the target value are performed,
respectively. If the counter value C2 is smaller than the
target value X, the band 3 is selected. If the counter value C2
is larger, the band 2 is selected. If the counter value CO is

smaller, the band 1 is selected. Further, if the counter wvalue
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CO0 is larger, the band 0 is selected.

2-3. A method of measuring a VCO tuning voltage

With reference to FIGs. 24 to 26, the description of a
method of measuring a VCO tuning voltage will be made. FIG. 24
is a block diagram of a calibration circuit block. FIG. 25 is a
timing diagram of an automatic calibration. FIG. 26 is a timing
diagram of another automatic calibration.

As shown in FIG. 24, the calibration circuit block is
constituted such that a plurality of capacitor elements 31 each
constituting an LC resonator circuit 1is provided 1in parallel
via respective switching elements 32 and the switching elements
32 are selectively switched on by the band switching signal and
the LC resonator connected thereto, that is, the value of the C
of each capacitor element 31 is changed and thereby the IFVCO
la can gradually change the oscillation frequency. Meanwhile,
the IFVCO 1 has a varicap diode as a variable capacitor element
33, and the capacitance of this varicap diode is changed by the
tuning voltage from the LPF 7a, and thereby the oscillation
frequency is changed successively.

The measured value obtained by measuring the tuning
voltage of the IFVCO la and the threshold wvalue serving as a
judgment criterion of the automatic calibration are inputted
into a comparator 34. In the comparator 34, the measured value
and the threshold value are compared and judged, and the band
that is nearest to the threshold value 1is selected as the
optimum oscillation frequency band within a necessary range of
the oscillation frequency of the IFVCO la. This comparator 34

is connected to a side 1 of the switch 10a between the LPF 7a
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and the charge pump 6a. Also, the target frequency is supplied
via A/N counters 35 and a prescaler 36 of the variable divider
4.

In the calibration block having the configuration as
described above, the automatic calibration 1is performed 1in
accordance with the process shown below.

(1) The VCO tuning voltage is oscillated at the target
frequency. At this time, the switch 10a is set so as not to cut
the loop of the PLL circuit. More specifically, the switch 10a
is connected to the side 1, and thereby such a loop as to pass
the IFVCO la, the variable divider 4a, a phase comparator 5a,
the charge pump 6a and the LPF 7a comes to a closed state.

(2) The initial value of the oscillation frequency band
is set to the lowest band and the IFVCO la is made to oscillate
at the target frequency under the control of the PLL circuit.
The setting of this band is made by the band control circuit
l4a.

(3) The tuning voltage of the IFVCO 1la is measured, and
the measured value and the threshold value are compared. If the
measured value is larger, this band is selected and the
automatic calibration is finished. This comparison of the
measured wvalue and the threshold value is made by the
comparator 34 connected between the LPF 7a and the charge pump
6a.

(4) In the above-described step (3). the band 1s
incremented sequentially and the steps (1) to (3) are repeated
until the automatic calibration is finished.

For example, in FIG. 25, the threshold value is set at a
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value higher than the band 2 and lower than the band 3 among
the bands 0 to 3. In this case, even if the bands 0, 1 and 2
are set, the comparison result between the measured value
obtained by making the IFVCO la oscillate and the threshold
value shows that both of the measured values are not larger
than the threshold value. Therefore, the process proceeds to
the setting of the next band that covers the higher frequency.
Then, when the band 3 is set, the comparison result between the
measured value and the threshold value shows that the measured
value is larger than the threshold value. Therefore, this band
3 is selected and the automatic calibration is finished.

In FIG. 25, the case where the initial value of the
oscillation frequency band is set at the lowest band has been
described. However, it is also possible to set the initial
value at the highest band. The automatic calibration in this
case proceeds, for example, as shown in FIG. 26.

As shown in FIG. 26, in the case where the threshold
value is set at a value lower than the band 5 and higher than
the band 4 among the bands 7 to 4, even if the bands 7, 6 and 5
are set, the comparison result between the measured value
obtained by making the IFVCO la oscillate and the threshold
value shows that any of the measured values are not smaller
than the threshold value. Therefore, the process proceeds to
the setting of the next band that covers the lower frequency.
Then, when the band 4 is set, the comparison result between the
measured value and the threshold value shows that the measured
value is smaller than the threshold value and so the band 4 is

selected and the automatic calibration is finished.
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2-4. A method of measuring another VCO tuning voltage

With reference to FIGs. 27 and 28, the description of a
method of measuring another VCO tuning voltage will be made.
FIG. 27 is a block diagram of a calibration circuit block. FIG.
28 is a timing diagram of an automatic calibration.

As shown in FIG. 27, in the circuit configuration of the
calibration block, relative to the circuit configuration shown
in FIG. 24 described above, the threshold value serving as the
judgment criteria of the automatic calibration is set at two
threshold values of the upper threshold value and the Jower
threshold value, and the measured value obtained by measuring
the tuning voltage of the IFVCO la and the upper threshold
value are compared and judged in one comparator 37, and the
measured value and the lower threshold value are compared and
judged in the other comparator 38, and then the band being
within the range of the two threshold values is selected as the
optimum oscillation frequency band via an AND gate.

Also, in this method, the decision speed of the PLL
circuit can be made to speed up, by setting a constant
intermediate voltage (0.5 x Vcc) in the LPF 7a of the PLL
circuit prior to the measurement thereof. More specifically,
since the intermediate voltage is set at the VCO tuning voltage
and the two comparators 37 and 38 are used, it is possible to
determine whether the band number of the IFVCO la should be
incremented or decremented. When the VCO tuning voltage is too
low, the band number is incremented and when the VCO tuning
voltage is too high, the band number is decremented.

In the calibration circuit block having the configuration
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as described above, the automatic calibration is performed as
follows.

(1) The VCO tuning voltage is made to oscillate at the
target frequency. At this time, the switch 10a is set so as not
to cut the loop of the PLL circuit.

(2) The initial value of the oscillation frequency band
is set at the highest band and the IFVCO la is made to
oscillate at the target frequency under the control of the PLL
circuit.

(3) The tuning voltage of the IFVCO la is measured, and
the measured value is compared to the upper threshold value and
the lower threshold wvalue in the comparators 37 and 38,
respectively. When the measured value is within the range
between the upper and lower thresholds, this band is selected
and the automatic calibration is finished.

(4) In the above-described step (3), the band is
sequentially incremented and the steps (1) to (3) are repeated
until the automatic calibration is finished.

For example, in FIG. 28, the band 2 in the bands 4 to 2
is set between the upper threshold value and the lower
threshold value. In this case, even if the bands 4 or 3 is set,
the comparison result between the measured value obtained by
oscillating the IFVCO la and the upper threshold value and the
comparison result between the measured value and the lower
threshold value each show that both of the measured values are
without the range between the upper and lower thresholds.
Therefore, the process proceeds to the setting of the next band.

Then, when the band 2 is set, the comparison result between the
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measured value and the upper threshold value and the comparison
result between the measured value and lower threshold value
each show that the measured value is within the range between
the upper and lower threshold values. Therefore, the band 2 is
selected and the automatic calibration is finished.

Note that, in FIG. 28, the case where the initial value
of the oscillation frequency band is set at the highest band
has been described, but, for example, it is also possible to
set the initial value at the lowest band.

3. Securement of performance margin

The sensitivity of the VCO oscillation frequency vs the
VCO tuning voltage depends on the oscillation frequency band.
Therefore, since the loop bandwidth of the PLL circuit changes
depending on the selected band, the design of the LPF of the
PLL circuit becomes difficult. Thereupon, 1in the present
invention, ensurement of the performance margin is desired by
performing the following method: 3-1. A method of switching the
current value of the charge pump depending on the band.

3-1. A method of switching a current value of a charge
pump depending on a band

With reference to FIGs. 29 and 30, the method of
switching a current value of a charge pump depending on a band
will be described. FIG. 29 is an explanatory diagram of the
band dependence of the sensitivity of the VCO oscillation
frequency vs the VCO tuning voltage. FIG. 30 is a block diagram
of the PLL circuit that uses a VCO having multiple oscillation
bands and includes a control function for switching a current

of the charge pump.
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The sensitivity of the VCO oscillation frequency vs the
VCO tuning voltage depends on the oscillation frequency band.
More specifically, the VCO tuning sensitivity can be expressed
by the expression (7) in the relation between the oscillation
frequency fn and the tuning voltage V.

VCO tuning sensitivity = Afn / AV o (7

For example, as shown in FIG. 29, the VCO tuning
sensitivity of the RFVCO 1 increases as the band becomes higher.
Assuming that the tuning sensitivity of the band 0 is Af0 / AV
and the tuning sensitivity of the band 15 is Af15 / AV, the
relation of (Afl5 / AV) > (Af0 / AV) can be obtained. Therefore,
since the loop bandwidth of the PLL circuit is changed
depending on the selected band, the designs of the LPF 7 and
the like of the PLL circuit become difficult. More specifically,
this 1is because the PLL bandwidth is determined depending on
the tuning sensitivity of the RFVCO 1, and the variable
division ratio of the RFVCO 1, and the current value of the
charge pump 6, and the frequency characteristic of the LPF 7.

Meanwhile, if the variance of the tuning sensitivity of
the RFVCO 1 depending on the band can be cancelled by other
elements, it is possible to keep the PLL bandwidth constant. In
the present invention, by measuring the tuning sensitivity of
each band in advance with simulation or the like and obtaining
the tuning sensitivity information of each band as a table and
switching the current value of the charge pump 6 at the time of
the band selection so as to correspond to each band, the PLL
bandwidth of the PLL circuit can be kept constant.

For example, in the PLL circuit that uses the RFVCO 1
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having multiple oscillation bands and is shown in FIG. 30, to
the same circuit configuration as circuit configuration shown
in FIG. 2 described above, a control function for switching the
current value of the charge pump 6 depending on the band is
added. More specifically, in this configuration, the tuning
sensitivity information of each band is memorized as a tuning
sensitivity information table 17 in the memory circuit 12, and
the current value of the charge pump 6 can be switched
depending on the band and based on the tuning sensitivity
information memorized in the tuning sensitivity information
table 17 at the time of the band selection by the band control
circuit 14. For example, the tuning sensitivity information is
changed by increasing the current when the sensitivity of each
band is small and by decreasing the current when the
sensitivity of each band is 1large, and thereby the PLL
bandwidth can be kept constant.

The PLL circuit having such a characteristic as described
above can be applied to, for example, the RFIC that is shown in
FIG. 31 and constitutes a multi-band mobile phone. FIG. 31
shows a detailed configuration example of the RFIC and a
schematic configuration of the whole of a mobile phone.
Although being not particularly limited, the mobile phone is
called the so-called direct conversion system.

In the RFIC of this mobile phone, although being not
particularly limited, for example, the following processes are
used: 1-1. a process of applying, to an RF synthesizer, a DC
voltage source having a temperature characteristic which

employs a method of minimizing an influence that the
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fluctuation of the VCO oscillation frequency due to temperature
change exerts on the time of the automatic band selection; 1-2.
a process of applying, to an RF synthesizer, a recalibration
having employed the method (1) of performing the recalibration;
2-1. a process of applying, to an RF synthesizer, a method of
calculating the error of the target frequency; and 3-1. a
process of applying, to an RF synthesizer, a method of
switching the current value of the charge pump depending on the
band.

Note that, needless to say, the method (2) of performing
the recalibration may be employed instead of the method (1) of
performing the recalibration in item 1-2. described above, and
item 2-2. a method of comparing a target frequency in level,
item 2-3. a method of measuring a VCO tuning voltage, or item
2-4. a method of measuring another VCO tuning voltage may be
applied instead of item 2-1. a method of calculating the error
of a target frequency.

In FIG. 31, the mobile phone is constituted by: an
antenna 51 for transmitting/receiving a signal wave:; an
antennal switch 52 for switching the transmit mode and receive
mode; a power amplifier module 53 for amplifying a transmitted
signal; a TXVCO (an oscillator for transmitting) 54; a loop
filter 55 constituting a PLL circuit in a transmission side;
the above-mentioned RFVCO 1 for generating an oscillation
signal having a frequency corresponding to a desired band: an
SAW (high-frequency filter) 56 for removing unnecessary wave
from a received signal of three types; an RFIC 57; the above-

mentioned baseband LSI 8 for converting the transmitted
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information into I signal or Q signal and controlling the RFIC
57; and the like.

The RFIC 57 1is constituted by: an RF synthesizer 58
constituting the PLL circuit along with the RFVCO 1 that is
composed of the circuit components shown in FIG. 2 (FIG. 30)
and generates an oscillation signal having a high frequency
band; an IF synthesizer 59 constituting the PLL circuit along
with the IFVCO 1la that is composed of the circuit components
shown in FIG. 11 and generates an oscillation signal having an
intermediate frequency band; a transmitter type circuit; a
receiver type circuit; and the like.

As an example, the transmitter type circuit is provided
with: a divider circuit 60 for generating a carrier wave by
dividing an oscillation signal generated in the IFVCO la; a
modulation circuit 61 for directly modulating the carrier wave
outputted from this divider circuit 60 by the use of the I
signal and Q signal supplied from the baseband LST 8; a divider
circuit 62 for dividing the oscillation signal supplied from
the RFVCO 1; a switch 63 for switching to the GSM or the
DCS/PCS: a mixer 64 for synthesizing the signal divided by the
divider circuit 62 and the transmitted signal fed back from the
TXVCO 54 to generate a signal having a frequency corresponding
to the difference between the frequencies of the two signals; a
PSD (phase detection circuit) 66 for detecting the phase
difference between the signal from the mixer 64 and the
modulation signal from the modulation circuit 61 via a filter
65;: and the like.

Although not particularly limited, in this embodiment,
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the RF synthesizer 58 constituting the PLL circuit along with
the RFVCO 1 is commonly used in the transmitter type circuit
and the receiver type circuit. Also, as an example, the
receiver type circuit is provided with: an LNA (low noise
amplifier) 67 for amplifying the received signals of the three
types of 925 MHz to 960 MHz, 1805 MHz to 1880 MHz, and 1930 MHz
to 1990 MHz; a demodulation circuit 68 for making a
demodulation by synthesizing, in the mixer, the received signal
and the signal into which the oscillation signal of the RFVCO 1
is divided by the divider circult 62; a receiving baseband
processor circuit 69 for amplifying the demodulated signal and
outputting the amplified signal to the baseband LSI 8; and the
like.

In this embodiment, the phase detection circuit 66, the
loop filter 55, the TXVCO 54, and the mixer 64 constitute the
transmission PLL circuit that performs the frequency conversion.
In a multi-band mobile phone, the oscillation frequency of the
RFVCO 1 is switched by, for example, by the commands from the
baseband LSI 8 depending on the band to be used, and thereby
the transmission frequency is switched.

For example, in the triple band RFIC 57 of this
embodiment, the IFVCO la is set at a frequency of 320 MHz, the
TXVCO 54 is set at frequencies of 880 to 915 MHz and 1710 to
1910 MHz, and the RFVCO 1 is set at a frequency of 3580 to 3980
MHz. The oscillation frequency of the IFVCO la is set at 320
MHz in any cases of the GSM, DCS and PCS, and is divided into
one-fourth in the divider circuit 60, and the carrier wave of

80 MHz is generated, and thus the modulation is performed.
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Meanwhile, the oscillation frequency of the RFVCO 1 1is
set at 3840 to 3980 MHz in the case of the GSM, at 3580 to 3730
MHz in the case of the DCS, and at 3860 to 3980 MHz in the case
of the PCS, respectively. This frequency is divided into one-
fourth in the divider circuit 62 in the case of the GSM or
divided into half in the cases of the DCS and the PCS, and then
is supplied to the mixer 64. In the mixer 64, a signal is
outputted which corresponds to the difference between this
frequency and the frequency of the oscillation signal for
transmission sent from the TXVCO 54, and the transmission PLL
circuit is operated so as to correspond to the frequencies of
the difference signal and the modulation signal. In the above-
mentioned embodiment, it has been described that a frequency
band, at the time when the VCO tuning voltage has first a value
equal to or less than the threshold corresponding to the target
frequency, is selected. However, a frequency band, at the time
when the VCO tuning voltage has first a value less than the
threshold corresponding to the target frequency, may be
selected. Note that, in the present application, "a value equal
to or less than the threshold” also includes "a value less than
the threshold”.

Hence, according to the PLL circuit described in this
embodiment and the mobile phone having applied this PLL circuit
to the RFIC, the advantages as follows can be obtained.

(1) By implementing 1-1. a method of minimizing an
influence which the fluctuation of the VCO oscillation
frequency due to temperature change exerts on the time of the

automatic band selection, and 1-2. a method of performing a
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recalibration, it is possible to select the optimum band in the
PLL circuit including the RFVCO 1 having multiple oscillation
frequency bands even in the case where the oscillation
frequency of each band is changed depending on temperature
change.

(2) By implementing 2-1. a method of calculating an error
of a target frequency, 2-2. a method of comparing the target
frequency in level, 2-3. a method of measuring a VCO tuning
voltage, and 2-4. a method of measuring another VCO tuning
voltage, in the PLL circuit in which the IFVCO 1la having
multiple oscillation frequency bands are included but the
switching of the band that has once been determined is not
required, it is possible to reduce the occupied area thereof.

(3) By implementing 3-1. a method of switching the
current value of the charge pump depending on the band, in the
case where the sensitivity of the oscillation frequency vs the
tuning voltage of the RFVCO 1 differs depending on the band, it
is possible to keep the bandwidth of the PLL circuit constant
by switching the current of the charge pump 6.

In the foregoing, the inventions made by the inventors
thereof have been described based on the embodiments in detail.
However, it goes without saying that the present invention is
not 1limited to the above-mentioned embodiments and can be
variously modified and changed without departing from the gist
thereof.

For example, in the foregoing embodiments, an example
where the present invention is applied to a mobile phone has

been described. However, the application of the present
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ipvention is not limited to this and the present invention can
be effectively applied to any mobile communication devices.
Further, the present invention can be applied to the wireless
communication system or the like in which the PLL circuit using
the VCO having multiple oscillation freguency bands 1is

indispensable.
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What is claimed is:

1. A semiconductor integrated circuit device for
communication, which includes a PLL circuit that has a VCO
constituted so as to be capable of perform an oscillation
operation in multiple frequency bands and that is capable of
outputting an oscillation signal having a frequency in
accordance with specified frequency information, said device
comprising:

a DC voltage source used as a tuning voltage of said VCO,
and generating one of a DC voltage having reverse dependence to
dependence of said VCO in frequency relative to temperature in
the case where the frequency of said VCO increases with
increasing of said VCO tuning voltage and a DC voltage having
the same dependence as dependence of said VCO in frequency
relative to temperature in the case where the frequency of said
VCO decreases conversely with increasing of said VCO tuning
voltage;

a frequency counter for measuring an oscillation
frequency of said VCO;

a memory circuit for memorizing frequency information
measured per each frequency band of said VCO by said frequency
counter; and

a control «circuit for performing calibration by
connecting said VCO to said DC voltage source, oscillating and
operating said VCO in accordance with a DC voltage supplied
from said DC voltage source, measuring this oscillation
frequency per each frequency band of said VCO by said frequency

counter, and memorizing the oscillation frequency in said
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memory circuit.

2. A semiconductor integrated <circuit device for
communication, which includes a PLL circuit that has a VCO
constituted so as to be capable of perform an oscillation
operation in multiple frequency bands and that is capable of
outputting an oscillation signal having a freguency in
accordance with specified frequency information, said device
comprising:

a DC voltage source for generating a predetermined DC
voltage as a tuning voltage of said VCO;

a frequency counter for measuring an oscillation
frequency of said VCO;

a memory circuit for memorizing fregquency information
measured per each frequency band of said VCO by said frequency
counter; and

a control circuit for performing recalibration after said
VCO is connected to said DC voltage source, oscillating and
operating said VCO in accordance with a DC voltage supplied
from said DC voltage source, measuring an error of a first
frequency band out of all frequency bands of said VCO by said
oscillation counter when this oscillation frequency is measured,
estimating, from the error, errors of the other frequency bands,
and memorizing the errors in said memory circuit.

3. A semiconductor integrated circuit device for
communication, which includes a PLL cirouit that has a VCO
constituted so as to be capable of perform an oscillation
operation in multiple frequency bands and that is capable of

outputting an oscillation signal having a frequency in
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accordance with specified frequency information, said device
comprising:

a DC voltage source for generating a predetermined DC
voltage as a tuning voltage of said VCO;

a frequency counter for measuring an oscillation
frequency of said VCO;

a memory circuit for memorizing frequency information
measured per each frequency band of said VCO by said frequency
counter; and
a control circuit for performing recalibration after said VCO
is connected to said DC voltage source, oscillating and
operating said VCO in accordance with a DC voltage supplied
from said DC voltage source, measuring errors of all frequency
bands of said VCO per temporal decomposition in turn when this
oscillation frequency is measured, and memorizing the errors in
saild memory circuit.

4. A  semiconductor integrated circuit device for
communication, which includes a PLL circuit that has a VCO
constituted so as to be capable of perform an oscillation
operation in multiple frequency bands and that is capable of
outputting an oscillation signal having a frequency in
accordance with specified frequency information, said device
comprising:

a DC voltage source for generating a predetermined DC
voltage as a tuning voltage of said VCO;

a frequency counter for measuring an oscillation
frequency of said vVCO; and

a control circuit for performing calibration after said
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VCO is connected to said DC voltage source, oscillating and
operating said VCO in accordance with a DC voltage supplied
from said DC voltage source, measuring this oscillation
frequency per each of frequency bands of said VCO by said
frequency counter, and selecting a frequency band near a target
frequency.

5. The semiconductor integrated circuit device for
communication according to claim 4,

wherein said control circuit sequentially calculates
errors between values measured per each of the frequency bands
of said VCO and target values of said target frequency, and
selects a frequency band having the smallest error.

6. The semiconductor integrated circuit device for
communication according to claim 4,

wherein said control circuit performs the comparison
between values measured per each of the frequency bands of said
VCO and a target value of said target frequency sequentially
from a higher one of the frequency bands, and selects a
frequency band having first a value equal to or less than said
target value.

7. The semiconductor integrated circuit device for
communication according to claim 4,

wherein said control c¢ircuit performs the comparison
between values measured per each of the freguency bands of said
VCO and a target value of said target frequency sequentially
from a lower one of the frequency bands, and selects a
frequency band having first a value equal to or more than said

target value.
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8. A semiconductor integrated circuit device for
communication, which includes a PLL circuit that has a VCO
constituted soO as to be capable of perform an oscillation
operation in multiple frequency bands and that is capable of
outputting an oscillation signal having a frequency in
accordance with specified freguency information,

said device comprising a control circuit for performing
calibration in such a state that said PLL circuit is a closed
loop, oscillating and operating said VCO at a target frequency
to measure this tuning voltage per each of frequency bands of
said VCO, and selecting a frequency band having a value that is
near a threshold value corresponding to said target frequency.

9. The semiconductor integrated circuit device for
communication according to claim 8,

wherein said control circuit performs the comparison
between values measured per each of the frequency bands of said
VCO and said threshold value sequentially from a higher one of
the frequency bands, and selects a frequency band having first
a value equal to or less than said threshold value.

10. The semiconductor integrated circuit device for
communication according to claim 8,

wherein said control circuit performs the comparison
between values measured per each of the frequency bands of said
VCO and said threshold value sequentially from a lower one of
the frequency bands, and selects a frequency band having first
a value equal to or more than said threshold value.

11. A semiconductor integrated circuit device for

communication, which includes a PLL circuit that has a VCO
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constituted so as to be capable of perform an oscillation
operation in multiple frequency bands and that 1is capable of
outputting an oscillation signal having a frequency in
accordance with specified frequency information,

said device comprising a control circuit for performing
calibration in such a state that said PLL circuit is a closed
loop, oscillating and operating said VCO at a target frequency
to measure this tuning voltage per each of frequency bands of
said VCO, and selecting a frequency band that is within a range
between two threshold values corresponding to said target
frequency.

12. The semiconductor integrated circuit device for
communication according to claim 11,

wherein said control circuit performs the comparison
between values measured per each of the frequency bands of said
VvCO and said two threshold value sequentially from a higher one
of the frequency bands, and selects a freguency band having a
value that is first met within the range between said two
threshold value.

13. The semiconductor integrated circuit device for
communication according to claim 11,

wherein said control circuit performs the comparison
between values measured per each of the frequency bands of said
VCO and said two threshold value sequentially from a lower one
of the frequency bands, and selects a frequency band having a
value that is first met within the range between said two
threshold value.

14. A semiconductor integrated circuit device for
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communication, including a PLL circuit which has a VCO
constituted so as to be capable of an oscillation and operation
in multiple frequency bands, a phase comparator for detecting
the phase difference between a feedback signal from said VCO
and a frequency signal used as a reference, and a charge pump
for generating a voltage in response to the phase difference
detected by said phase comparator and supplying the voltage to
said VCO, and which is capable of outputting an oscillation
signal with a frequency corresponding to specified frequency
information, the device comprising:

a memory circuit for memorizing tuning sensitivity
information showing dependence of frequency relative to a
tuning voltage per each of frequency bands of said VCO; and

a control circuit for controlling a current value of said
charge pump at the time of selecting each of the frequency
bands of said VCO, in order to compensate for the dependence of
the frequency relative to the tuning voltage on the basis of
the tuning sensitivity information memorized in said memory
circuit when the selected frequency band is compensated for.

15. A method of calibrating a voltage controlled
oscillator which is adapted to operate within each of multiple
frequency bands, comprising the steps of measuring the
oscillator output frequency at a fixed oscillator input voltage
within each frequency band, and saving these measured values as
calibration values for reference by a controller when setting
the oscillator to generate a required output frequency.

16. The method according to claim 15, in which the

oscillator includes a phase locked loop with a switch in the

57



input path to the oscillator which is operated to provide said
fixed oscillator input voltage.

17. The method according to claim 16, in which the phase
locked loop comprises a phase detector and loop filter in the
input path, and the switch serves to disconnect the loop filter
from the phase detector and connect it to a voltage source.

18. The method according to c¢laim 16, in which the phase
locked loop comprises a phase detector and loop filter in the
input path, and the switch serves to disconnect the loop filter
from the phase detector and connect it to a current source that
causes the loop filter to generate said fixed oscillator input
voltage.

19. The method according to any one of claims 15 to 18,
in which a counter is provided to count cycles of the
oscillator output frequency over a fixed period of time to
determine said calibration values of the output frequency.

20. The method according to any one of claims 15 to 19,
in which the voltage controlled oscillator provides an output
frequency signal to a device under the control of a controller,
and which includes an initial step of the controller
controlling the oscillator to generate said set of calibration
values as an initial set of calibration values which are used
by the controller in a subsequent step to select a frequency
band for operation of the oscillator to generate a required
output frequency.

21. The method according to claim 20, in which selection
of a frequency band in said subsequent step involves comparison

of a required output frequency value with successive ones of
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said initial set of calibration values.

22. The method according to claim 20, in which selection
of a frequency band in said subsequent step involves comparison
of a required output frequency value with multiple values of
said initial set of values in parallel.

23. The method according to any one of claims 20 to 22,
which includes a recalibration step once said frequency band is
selected, the oscillator output frequency being measured at
said fixed oscillator input voltage and being saved as a
recalibration value which replaces the initial calibration
value for this frequency band.

24. The method according to claim 23, which includes the
further step of the controller selecting a frequency band for
operation of the oscillator to generate said required output
frequency with reference to the initial set of calibration
values incorporating recalibration values.

25. The method according to claim 23 or 24, in which the
recalibration value 1is compared with the initial calibration
value to generate an error value which is used to recalibrate
others of the initial calibration values.

26. The method according to any one of claims 20 to 22,
which includes a recalibration step prior to said frequency
band being selected, the recalibration being conducted in
relation to a frequency band selected by the controller
according to a schedule including all of the frequency bands,
the oscillator output frequency being measured at said fixed
oscillator input voltage and being saved as a recalibration

value which replaces the initial calibration value for this
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frequency band, the controller then controlling the oscillator
to select said frequency band in accordance with the required
output frequency and the initial set of calibration values
incorporating recalibration values.

27. A method of calibrating a voltage controlled
oscillator in a mobile communications terminal, said method
being that according to any one of claims 15 to 26.

28. A method of calibrating a voltage controlled
oscillator which is adapted to operate within each of multiple
frequency bands, comprising the steps of setting the oscillator
to a first frequency band; measuring the oscillator output
frequency at a fixed oscillator input voltage; comparing the
measured value with a target reference frequency to determine
whether or not the measured value matches the target reference
frequency, and either selecting said first freguency band for
operation of the oscillator if the measured value matches the
target reference frequency, or setting the oscillator to a new
frequency band and measuring the oscillator output frequency at
said fixed oscillator input voltage to obtain a new measured
value if the measured value does not match the target reference
frequency, and repeating the comparison step using the new
measured value and said target reference frequency and acting
on the result to either select said new frequency band for
operation of the oscillator or setting the oscillator to
another new frequency band and repeating the measuring and
comparison steps if necessary until a frequency band has been
select.

29. The method according to claim 28, in which the
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oscillator includes a phase locked loop with a switch in the
input path to the oscillator which is operated to provide said
fixed oscillator input voltage.

30. The method according to claim 29, in which the phase
locked loop comprises a phase detector and loop filter in the
input path, and the switch serves to disconnect the loop filter
from the phase detector and connect it to a voltage source.

31. The method according to claim 29, in which the phase
locked loop comprises a phase detector and loop filter in the
input path, and the switch serves to disconnect the loop filter
from the phase detector and connect it to a current source that
causes the loop filter to generate said fixed oscillator input
voltage.

32. The method according to any one of claims 28 to 31,
in which a counter is provided to count cycles of the
oscillator output frequency over a fixed period of time to
determine said calibration values of the output frequency.

33. A method of calibrating a voltage controlled
oscillator which is adapted to operate within each of multiple
frequency bands, comprising setting the oscillator to operate
at a target frequency within each of one or more of the
frequency bands in succession and comparing the input voltage
of the oscillator with a fixed threshold voltage each time to
determine whether or not the input voltage is of an acceptable
value for voltage control of the oscillator, the oscillator
being set to operate in that frequency band which is first
determined to have an acceptable input voltage.

34. The method according to c¢laim 33, in which the
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oscillator is set to operate in successive frequency bands so
that they are shifted progressively in frequency in one sense,
a frequency band being accepted for operation by the oscillator
once the input voltage crosses said threshold value.

35. The method according to claim 33, in which said fixed
threshold voltage comprises upper and lower voltage limits
defining an acceptable range within which voltage control of
the oscillator is acceptable, the input voltage being compared
with said limits to determine whether or not it lies within
said range.

36. The method according to claim 35, in which the first
frequency band in which the oscillator 1is set is an
intermediate level frequency band in terms of frequency ranking.

37. The method according to claim 35 or 36, in which the
oscillator includes a phase locked loop with a loop filter in
the input to the oscillator, and in which a fixed voltage is
applied to the loop filter momentarily before operation of the
oscillator is allowed to settle.

38. A method of calibrating a voltage controlled
oscillator in a mobile communications terminal, said method

being that according to any one of claims 28 to 37.

39. A semiconductor integrated circuit device substantially as herein described with

reference to the accompanying drawings.

40. A method of calibrating a voltage controlled oscillator substantially as herein

described with reference to the accompanying drawings.
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