
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
6 December 2012 (06.12.2012)

WO 2012/164068 Al
P O P C T

(51) International Patent Classification: (74) Agent: O'CONNELL, David, Christopher; Haseltine
G04G 3/02 (2006.01) G04G 3/04 (2006.01) Lake LLP, Redcliff Quay, 120 Redcliff Street, Bristol BS1

6HU (GB).
(21) International Application Number:

PCT/EP2012/060373 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
1 June 2012 (01 .06.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

61/493,023 3 June 201 1 (03.06.201 1) US OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(71) Applicant (for all designated States except US): ST-ER- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
ICSSON SA [CH/CH]; Chemin du Champ-des-Filles 39,
CH-1228 Plan-les-Ouates (CH). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(72) Inventor; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventor/Applicant (for US only): ELLIS, Andrew UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

[GB/GB]; 2 Springfields Close, Colden Common, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Winchester, Hampshire S021 1SU (GB). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on nextpage]

(54) Title: CORRECTION OF LOW ACCURACY CLOCK

(57) Abstract: An electronic device has two oscillators, for ex
ample a first highly accurate crystal oscillator and a second less
accurate low power oscillator. In a normal mode of operation,
time is counted based on an output from the crystal oscillator, but

- in a low power mode of operation, time is counted based on an
output from the less accurate oscillator. During the low power
mode of operation, a calibration process is performed repeatedly.
During a first calibration time period the second oscillator is cal
ibrated against the first oscillator to obtain a first calibration res
ult, and a recalibration is performed during a second calibration
time period to obtain a second calibration result. A correction
factor is determined from the first and second calibration results,
and the correction factor is applied when subsequently counting
time based on the output from the second oscillator.
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CORRECTION OF LOW ACCURACY CLOCK

This invention relates to an electronic device that uses an oscillator to count time.

More specifically, the invention relates to a method of maintaining the count when the

device is in a low power mode.

It is known, for example from US-6,650,189, to use a crystal-based oscillator to

generate timing signals in a portable device. It is also known to power down the

crystal-based oscillator in a standby mode whenever possible, in order to extend the

battery life of the device. When the device is in the standby mode, an alternative low-

power oscillator is used to generate the required timing intervals. In addition, the low-

power oscillator is calibrated against the crystal-based oscillator at regular intervals.

The result of the calibration is then used during a subsequent inter-calibration period

when the low-power oscillator is being used to generate the required timing intervals.

However, this has the disadvantage that a typical low-power oscillator not only has

wide tolerances, but also drifts significantly with temperature and voltage. This has the

effect that significant inaccuracies can build up in a counted time value that is derived

from the low-power oscillator.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a method of

operation of an electronic device, having a first oscillator and a second oscillator, the

method comprising:

in a normal mode of operation, counting time based on an output from the first

oscillator; and

in a low power mode of operation, counting time based on an output from the

second oscillator; and further comprising, in the low power mode of operation,

repeatedly:

calibrating the second oscillator against the first oscillator during a first calibration

time period to obtain a first calibration result,

recalibrating the second oscillator against the first oscillator during a second

calibration time period to obtain a second calibration result,

determining a correction factor from the first and second calibration results, and

subsequently applying the correction factor when counting time based on the

output from the second oscillator.



The step of determining the correction factor may comprise determining an expected

calibration between the first and second oscillators for a period subsequent to the

second calibration period, based on a difference between the first and second

calibration results.

The method may further comprise, after subsequently applying the correction factor:

recalibrating the second oscillator against the first oscillator during a third

calibration time period;

determining an error in the correction factor that had been applied subsequent to

the second calibration time period; and

determining, based on the determined error in the correction factor, a length of a

first time to wait until performing a further recalibration.

The step of determining the length of the first time to wait may comprise increasing the

first time to wait if the determined error in the correction factor is smaller than a first

threshold, and may comprise decreasing the first time to wait if the determined error in

the correction factor is larger than a second threshold.

The method may further comprise, after subsequently applying the correction factor:

recalibrating the second oscillator against the first oscillator during a third time

period to obtain a third calibration result;

determining a second correction factor from the second and third calibration

results;

determining a difference between the first and second correction factors; and

determining, based on the determined difference between the first and second

correction factors, a length of a second time to wait until a further recalibration.

The step of determining the length of the second time to wait until the further

recalibration may comprise increasing the second time to wait if the determined

difference between the first and second correction factors is smaller than a third

threshold, and may comprise decreasing the second time to wait if the determined

difference between the first and second correction factors is larger than a fourth

threshold.

The method may comprise:



entering the low power mode of operation after expiry of a stabilization period

following a powering down of the electronic device.

The method may further comprise, in the low power mode of operation:

powering down the first oscillator following each calibration.

When the electronic device is powered by a first power source, the method may further

comprise:

detecting whether the first power source has been removed from the device; and

if so, ceasing calibration of the second oscillator against the first oscillator until

the first power source or a different power source has been inserted in place of the

removed first power source.

The method may further comprise:

based on the correction factor determined from the first and second calibration

results, applying a retrospective correction value to the time that was counted based on

the output from the second oscillator during a time period between the second and third

calibration periods.

According to a second aspect of the invention, there is provided an electronic device,

having a first oscillator and a second oscillator, and comprising:

a counter, for counting time based on an output from the first oscillator in a

normal mode of operation, and for counting time based on an output from the second

oscillator in a low power mode of operation, and

a processor for repeatedly, in the low power mode of operation:

calibrating the second oscillator against the first oscillator during a first time

period to obtain a first calibration result,

recalibrating the second oscillator against the first oscillator during a second time

period, when a first inter-calibration period has expired, to obtain a second calibration

result,

determining a value of a correction factor from the first and second calibration

results, and

subsequently applying the correction factor when counting time based on the

output from the second oscillator.

This has the advantage that a more accurate counted time value can be obtained.



In a third aspect of the invention provides a method of operation of an electronic device

having a first oscillator and a second oscillator. The method comprises:

switching, at a beginning of a first calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the first calibration

time period to obtain a first calibration result representing a first frequency of the

second oscillator during the first calibration time period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off; and

subsequently

counting oscillations from the second oscillator, until a first count is reached; and

subsequently

switching, at a beginning of a second calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the second

calibration time period to obtain a second calibration result representing a second

frequency of the second oscillator during the second calibration time period; and

switching, at an end of the second calibration time period, the first oscillator off;

and

providing a time parameter presenting a future point in time and, based on the

first and second calibration results and on the first count of oscillations, estimating a

second count of oscillations of the second oscillator to count after the end of the

second calibration period in order to reach said future point in time;

counting oscillations from the second oscillator, until the second count is

reached, and then initiating a first action.

Using this method, two calibrations are obtained, which gives information about the

change in the frequency of the second oscillator from the first calibration time period to

the second calibration time period. This therefore represents a drift in the frequency of

the second oscillator. Based on this information, it is possible to more correctly relate

the oscillations of the second oscillator to real time passed. Thus, if an event is to take

place, say, 1 second after the second calibration, the first and second calibration

results are easily used to calculate how many oscillations the second oscillator must go

through in order for it to correspond to 1 second in real time. Note that knowing the first

and second calibration results allows us to make a prediction of the future frequency of

the second oscillator following the second calibration. Thus continued drift in the

second oscillator is therefore easily taken into account when determining the number of

oscillations for the second oscillator to go through.



In wireless communication systems, for instance, the method above can be included in

a wireless telephone to allow the phone to go from a low-power mode where the first

oscillator is switched off, to an active mode where a radio in the phone can

communicate with the network, at a time that is more precise than what is possible with

present methods.

The future point in time could be a beginning of a further calibration time period, and

the first action is initiating a switching of the first oscillator in preparation for calibrating

of the second oscillator against the first oscillator in order to obtain a further calibration

result.

The time between the first and second calibration time periods, a first inter-calibration

time, could be achieved by determining a first count which is equal to the first

frequency of the second oscillator times the desired first inter-calibration time.

A fourth aspect of the invention provides a device corresponding to methods of the

third aspect of the invention. Accordingly, the fourth aspect provides an electronic

device comprising

a first oscillator and a second oscillator,

a counter for counting oscillations from the second oscillator;

a processor configured for:

switching, at a beginning of a first calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during the

first calibration time period to obtain a first calibration result representing a first

frequency of the second oscillator during the first calibration time period; and

subsequently

switching, at an end of the first calibration time period, the first oscillator

off; and subsequently

causing oscillations from the second oscillator to be counted in the first

counter until a first count is reached; and subsequently

switching, at a beginning of a second calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during

the second calibration time period to obtain a second calibration result

representing a second frequency of the second oscillator during the second

calibration time period; and

switching, at an end of the second calibration time period, the first oscillator

off; and



based on a time parameter presenting a future point in time and based on

the first and second calibration results and on the first count of oscillations,

estimating a second count of oscillations of the second oscillator to count after

the end of the second calibration period in order to reach said future point in time,

and;

causing a first action to be initiated when the second count is reached.

A fifth aspect of the invention provides another method of operation of an electronic

device having a first oscillator and a second oscillator. The method comprises:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result

representing a first frequency of the second oscillator during the first calibration time

period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off; and

subsequently

counting oscillations from the second oscillator, until a first count is reached; and

subsequently

switching, at a beginning of a second calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the second

calibration time period to obtain a second calibration result representing a second

frequency of the second oscillator during the second calibration time period; and

switching, at an end of the second calibration time period, the first oscillator off;

and switching, at a beginning of a third calibration time period, the first oscillator on and

calibrating the second oscillator against the first oscillator during the third calibration

time period to obtain a third calibration result representing a third frequency of the

second oscillator during the third calibration time period; and subsequently

switching, at an end of the third calibration time period, the first oscillator off; and

determining, based on difference between the third calibration result and an

expected third calibration result derived from the first and second calibration results, a

length of a first time to wait until a further calibration time period.

This aspect allows for changing the period between calibration periods when three

calibrations have been made. If the third calibration result differs from an expect

calibration result, then the time to wait for a further calibration can be adjusted.



The expected third calibration result is typically derived via an extrapolation of the first

and second calibration results towards the third calibration time period, for instance by

linear extrapolation.

If a difference between the third frequency and a frequency corresponding to the

expected third calibration result is smaller than a third threshold, then the step of

determining the length of the first time to wait comprises increasing the first time to

wait.

If a difference between the third frequency and a frequency corresponding to the

expected third calibration result is larger than a fourth threshold, then the step of

determining the length of the first time to wait comprises decreasing the first time to

wait.

The electronic device could be powered by a removable power source, for instance a

battery, and then it is advantageous to detect whether the power source is removed

from the device. If so, the calibrating should be ceased. A reason is that the first

oscillator needs to be switched off in order to conserve energy. Accordingly, any

calibrating of the second oscillator against the first oscillator is ceased.

A sixth aspect of the invention provides a device corresponding to methods of the fifth

aspect of the invention. Accordingly, the sixth aspect provides an electronic device

comprising

a first oscillator and a second oscillator,

a counter for counting oscillations from the second oscillator;

a processor configured for:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result

representing a first frequency of the second oscillator during the first calibration

time period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off;

and subsequently

causing oscillations from the second oscillator to be counted in the first

counter until a first count is reached; and subsequently

switching, at a beginning of a second calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during



the second calibration time period to obtain a second calibration result

representing a second frequency of the second oscillator during the second

calibration time period; and

switching, at an end of the second calibration time period, the first oscillator

off; and switching, at a beginning of a third calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during

the third calibration time period to obtain a third calibration result representing a

third frequency of the second oscillator during the third calibration time period;

and subsequently

switching, at an end of the third calibration time period, the first oscillator

off; and

determining, based on difference between the third calibration result and an

expected third calibration result derived from the first and second calibration

results, a length of a first time to wait until a further calibration time period.

A seventh aspect of the invention is a method of determining a degree of temperature

stability of an electronic device having a first oscillator and a second oscillator. The

method comprises:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result

representing a first frequency of the second oscillator during the first calibration time

period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off; and

subsequently

counting oscillations from the second oscillator, until a first count is reached; and

subsequently

switching, at a beginning of a second calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the second

calibration time period to obtain a second calibration result representing a second

frequency of the second oscillator during the second calibration time period; and

switching, at an end of the second calibration time period, the first oscillator off;

and

switching, at a beginning of a third calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the third

calibration time period to obtain a third calibration result representing a third frequency

of the second oscillator during the third calibration time period; and subsequently



switching, at an end of the third calibration time period, the first oscillator off; and

determining the degree of temperature stability by comparing the first, second

and third calibration results.

Drift in a frequency of the second oscillator in the electronic device might be due to

temperature variations. At events such as powering down a mobile phone, a number of

temperature changes occur, such as that of a chip that includes the second oscillator.

This will cause a drift in the frequency of the second oscillator. By monitoring the

temperature, it can be decided to count oscillations from the first oscillator for a period

following the powering down, and then switch to the second oscillator when the

temperature has settled. Then the first oscillator can be powered down as well.

Monitoring the temperature for stability can for instance be performed by comparing

a rate of change associated with the first calibration result and the second result, and a

rate of change associated with the second calibration result and third calibration result.

An eighth aspect of the invention provides a device corresponding to methods of the

seventh aspect of the invention. Accordingly, the eighth aspect provides an electronic

device comprising

a first oscillator and a second oscillator,

a counter for counting oscillations from the second oscillator;

a processor configured for:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result

representing a first frequency of the second oscillator during the first calibration

time period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off;

and subsequently

causing oscillations from the second oscillator to be counted in the first

counter until a first count is reached; and subsequently

switching, at a beginning of a second calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during

the second calibration time period to obtain a second calibration result

representing a second frequency of the second oscillator during the second

calibration time period; and



switching, at an end of the second calibration time period, the first oscillator

off; and

switching, at a beginning of a third calibration time period, the first oscillator

on and calibrating the second oscillator against the first oscillator during the third

calibration time period to obtain a third calibration result representing a third

frequency of the second oscillator during the third calibration time period; and

subsequently

switching, at an end of the third calibration time period, the first oscillator

off; and

determining the degree of temperature stability by comparing the first,

second and third calibration results.

As mentioned, the determining of the temperature stability is advantageously

performed by monitoring the rate of change of the calibration results from one

calibration to the next.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a block schematic diagram, illustrating an electronic device in accordance

with an aspect of the invention.

Figure 2 is a flow chart, illustrating a method in accordance with an aspect of the

invention.

Figure 3 is a time history illustrating a stage in the method of Figure 2 .

Figure 4 is a time history illustrating a further stage in the method of Figure 2 .

Figure 5 illustrates another electronic device in accordance with an aspect of the

invention.

DETAILED DESCRIPTION

Figure 1 shows an electronic device, in the form of a communications handset device

10, such as a mobile phone, although the invention is equally applicable to any

electronic device, for example such as a portable computer or the like.



In this example, where the electronic device is a communications handset device, it

includes wireless transceiver circuitry (TRX) 12 and a user interface 14, such as a

touch screen or such as separate keypad and display devices, both operating under

the control of a processor 16.

The device 10 further includes clock circuitry 18, which is illustrated schematically in

Figure 1, and the device including the clock circuitry 18 is powered by a battery 20.

The clock circuitry 18 includes a first oscillator in the form of a main oscillator circuit 22,

which generates clock signals at a known frequency with an accuracy that is

acceptable for all purposes of the device 10, using an oscillator crystal 24. Battery

power is provided to the main oscillator circuit 22 through a supply terminal 26.

In the operational mode of the device 10, the main oscillator circuit 22 is used for

various purposes, including generating signals at the frequencies required for

transmission and reception of radio frequency signals by the transceiver circuitry 12.

This usage of the main oscillator circuit 22 is conventional, and will not be described in

further detail.

In addition, the main oscillator circuit 22 is used to maintain a count that can be used

as an indication of the time of day. Thus, a clock signal from the main oscillator circuit

22 is applied to a divider 28, to generate a signal at a known frequency, for example

32.768kHz, and this known frequency signal is passed through a switch 30 to a real

time clock (RTC) counter 32. The count value in the counter 32 at any moment can be

used as an indication of the time of day. For example, if the user of the device wishes

to set an alarm, the set alarm time can be converted to a 32 bit time value, and stored

in a register 34. Set times for other alerting events generated within the device 10,

such as waking up the device to check for paging events or other required background

activities in standby mode, can also be stored in the register 34.

A comparator 36 then compares the alert time value stored in the register 34 with the

count value in the counter 32. When these values are equal, it is determined that the

time of day has reached the set alert time. In the case of an alarm set by the user, an

alarm can be generated. In the case of an alerting event generated within the device

10, a signal can be generated to initiate the required action.



When the device is powered down, the main oscillator circuit 22 consumes too much

power to be useful, and so power in a low power standby mode in an embodiment of

the invention is supplied instead from the battery 20 to a second oscillator in the form of

a low power oscillator circuit 38, which may for example be in the form of a resistor-

capacitor (RC) circuit fully integrated with an Application Specific Integrated Circuit

(ASIC) containing other components of the electronic device. The low power (LP)

oscillator 38 generates a clock signal having a nominal frequency, but the low power

oscillator 38 has wide tolerances, and moreover the actual frequency of the clock

signal that it generates will typically drift significantly with both temperature and voltage.

The calibration process described herein means that these inaccuracies can be

compensated in use, without requiring any factory calibration process.

In the standby mode, a control circuit 40 causes the switch 30 to move to a second

position, such that the clock signal from the low power oscillator 38, after passing

through a compensation block 42, is passed to the RTC counter 32, and is used to

maintain the count value representing the current time.

Periodically, the control circuit 40 causes a calibration block 44 to receive signals from

the main oscillator 22 and from the low power oscillator 38 to obtain calibration results,

as described in more detail below, and to generate a correction factor. The correction

factor is applied to the compensation block 42, which then corrects the signals received

from the low power oscillator 38, as also described in more detail below, before they

are applied to the RTC counter 32.

Figure 2 is a flow chart, illustrating in more detail the process performed by the clock

circuitry 18, under the control of the control circuit 40, in order to ensure that the time

counted by the counter 32 remains accurate.

The process starts at step 50, at which time it is assumed that the device is in a normal

mode of operation, with power being supplied to all active components of the device,

including the main oscillator circuit 22. In step 52, it is tested whether the device has

been powered down, i.e. whether it has entered a standby, or low power, mode of

operation, and this step is repeated until it is found that it has entered the standby

mode. When the device is first powered down, power supply to the main oscillator

circuit 22 is maintained.



At that time, the process passes to step 54, in which it is determined whether a

stabilization period has expired, and this step is repeated until it is found that the

stabilization period has expired. When the device is first powered down, power will be

removed from a number of heat generating components of the device that might for

example share the same die as the low power oscillator 38. This will mean that, at this

time, the low power oscillator 38 will be in an unstable temperature environment.

Moreover, when power is removed from various components, the voltage supplied by

the battery 20 to the low power oscillator 38 will potentially be less stable, and this

would also tend to cause variations in the frequency of the clock signal generated by

the low power oscillator 38.

It is therefore preferred that the main oscillator circuit 22 should continue to be used as

the basis for counting the time during this stabilization period, which might perhaps last

for one minute. After the stabilization period has ended, the temperature of the low

power oscillator 38 might remain above the ambient temperature, but it can at least be

assumed that the rate of change of its temperature will have settled. In other

embodiments, any variation in the frequency of the clock signal generated by the low

power oscillator 38 might be ignored or compensated, and step 54 might be omitted.

When it is found in step 54 that the stabilization period has expired, the process passes

to step 56. In step 56, a first calibration is performed. That is, the frequency of the

clock signal generated by the low power oscillator circuit is measured, using the clock

signal generated by the main oscillator circuit 22 as a reference.

Figures 3 and 4 are time histories, further illustrating the method of Figure 2 . Thus,

Figures 3 and 4 show the frequency of the clock signal generated by the low power

oscillator circuit, as measured with reference to the clock signal generated by the main

oscillator circuit 22, at different times.

Thus, in this illustrated example, the frequency of the clock signal generated by the low

power oscillator circuit is measured over a first calibration time period t
c

, which might

for example have a duration of 10ms, starting at the first calibration time . As shown

in Figure 3 , the frequency is found during this first calibration time period to be .

Thus, it is assumed that the clock signal generated by the main oscillator circuit 22 has

the intended reference frequency, and the value of the frequency of the clock signal

generated by the low power oscillator circuit is found by comparison of the frequencies

of the two clock signals.



When the first calibration has been completed, the process passes to step 58, in which

the power is removed from the main oscillator circuit 22, and the switch 30 is switched,

allowing the low power oscillator 38 to be used as the input to the counter 32. At this

time, it can only be assumed that the clock signal generated by the low power oscillator

circuit remains at the frequency f , and so any drift in this frequency will inevitably

cause small errors to accumulate in the counted time value stored in the counter 32.

An initial value, for example 30 seconds, is set for the inter-calibration period, i.e. the

time between calibrations, and it is tested in step 60 whether this inter-calibration

period has expired, with step 60 being repeated until it is found that the inter-calibration

period has expired.

At this second calibration time, denoted by time t2 in Figure 3 , the process passes to

step 62, and a recalibration is performed during a second calibration time period t
c2

, .

Thus, power is reapplied to the main oscillator circuit 22, and the frequency of the clock

signal generated by the low power oscillator circuit 38 is measured over a second

calibration time period t
c2

, starting at the second calibration time t2. By comparison of

the frequency of the clock signal generated by the low power oscillator circuit 38 with

the frequency of the clock signal generated by the main oscillator circuit 22, and by

assuming that the clock signal generated by the main oscillator circuit 22 has the

intended reference frequency, it is found during this second calibration time period that

the frequency of the clock signal generated by the low power oscillator circuit 38 is f2.

The calibration can be performed using the clock pulses provided by the divider 28, or

alternatively the clock pulses from the main oscillator circuit 22 can be passed directly

to the calibration block 44 as this might allow a sufficiently accurate calibration result to

be achieved more quickly than by using the lower frequency clock pulses from the

divider 28.

When the second calibration has been completed, power is removed from the main

oscillator circuit 22.

The process then passes to step 64, in which the trend of the first and second

calibrations is calculated. Thus, with the frequency measured as at time , and as f2
at time t2, it is assumed that the frequency is increasing at a constant rate of (f2 - f )/ (t2

- t ) , as shown by the solid line 90 in Figure 3 . This trend is then used to estimate a



frequency of the clock signal that will be generated by the low power oscillator circuit

38 over the forthcoming inter-calibration period.

Knowing that the next calibration is scheduled to occur at the third calibration time t3,

the duration (t3 - 2) of the inter-calibration period is known, and an expected value can

be found for the frequency of the clock signal generated by the low power oscillator

circuit 38 during that inter-calibration period. For example, if it is assumed that the

frequency of the clock signal is changing in a linear way, and that this change will

continue, reaching a frequency f3' at the third calibration time t3 as shown by the dotted

line 92 in Figure 3 , the average frequency f
2-3

during the inter-calibration period can be

calculated. Specifically:

The process then passes to step 66, in which compensation is applied during the inter-

calibration period between the second calibration time t2 and the third calibration time

t3. Thus, while a clock signal is being generated by the low power oscillator 38, the

compensation block 42 applies a correction factor to take account of the fact that the

clock pulses being generated by the low power oscillator 38 are assumed during this

inter-calibration period to be generated at the frequency f
2-3

. For example, the

compensation block 42 can divide the frequency of the clock pulses generated by the

low power oscillator 38 by a known division ratio, and this division ratio can be

controlled based on the required correction factor. The compensated pulses are then

counted in the RTC counter 32 and used to indicate the time.

In a first pass through the process, steps 68, 70 and 72 are not performed, and so

these steps are ignored at this point.

In step 74, it is determined whether the battery 20 has been removed from the device.

If so, the process passes to step 76, in which it is determined whether the battery has

been replaced in the device. If the battery is removed, the calibration process shown in

Figure 3 is stopped to save power, and when the battery is replaced the calibration

process starts again by returning to step 56.



However, if it is determined in step 74 that the battery has not been removed, the

process returns to step 60. In step 60, it is determined whether the inter-calibration

period has expired, i.e. whether the third calibration time t3 has been reached.

When the third calibration time t3 has been reached, the process passes to step 62,

and a further recalibration is performed as described above during a third calibration

time period t
c3

, . In the situation illustrated in Figure 4 , the recalibration performed at the

third calibration time t3 finds that the frequency of the clock signal generated by the low

power oscillator 38 is f3. As before, a trend is calculated in step 64, and this trend is

used to determine a correction factor that is applied in step 66 during the inter-

calibration period following the third calibration time period.

This use of a trend to derive an expected calibration during a future time period allows

an accurate time count value to be maintained, even in the presence of a drift in the

frequency characteristics of the low power oscillator 38.

Thus, in this illustrated embodiment, it is assumed that the frequency of the clock signal

generated by the low power oscillator 38 varies linearly with time (at least over time

scales comparable with the durations of the inter-calibration time periods). This is

usually an acceptable assumption where, as here, there are no active heat sources in

close proximity to the low power oscillator and the low power oscillator is mounted

within the device 10 and shielded to some extent from the ambient temperature.

However, it also possible in step 64 to assume a non-linear trend by using more than

two calibration results. For example, by examining three calibration results, such as

the frequencies fi, f2 and f3 obtained at the times ti, t2 and t3, it is possible to derive an

assumed quadratic relationship between the frequency and the time. It can then be

assumed that this relationship will persist until the next calibration period, and to

calculate an average frequency for the inter-calibration period on that basis.

Compensation during that inter-calibration period can then be applied in step 66 using

that calculated average frequency.

In step 68, when the third calibration result f3 has been obtained, this can be used to

derive a measure of the error resulting from the previous calibration. Specifically, it

was mentioned above that it was assumed on the basis of the second calibration

during the time period t
c2

that the frequency of the clock signal would change in a linear

way, reaching an expected frequency f3' at the third calibration time t3 as shown by the



dotted line 92 in Figures 3 and 4 . When the third calibration result f3 is obtained, it is

possible to compare the calibration result with the expected frequency, for example

forming a frequency calibration error fE = (f3' - f3) . This is equivalent to determining an

error in the correction factor derived at the second calibration time t2.

In addition, or alternatively, the third calibration result f3 can be used in step 70 to

derive a measure of the change since the previous calibration. Specifically, when the

third calibration result f3 is obtained, it is possible to compare this calibration result with

the previous calibration result, for example forming a frequency calibration difference fD
= (f3 - f2) . This is equivalent to determining a difference between the correction factors

derived at the second and third calibration times t2 and t3.

The value of the frequency calibration error fE and/or the value of the frequency

calibration difference fD can be used in step 72 to determine the optimum duration of

future inter-calibration periods. It is necessary to perform frequency recalibrations

sufficiently often to maintain the requisite accuracy of the compensation, so that the

time value stored in the RTC counter 32 is acceptably accurate, but otherwise it is

desirable to save power by maximizing the time between recalibrations.

For example, if the frequency calibration error fE and/or the frequency calibration

difference fD is found to be greater than a respective threshold, the duration of future

inter-calibration periods could be reduced compared with the current duration, while if

the frequency calibration error fE and/or the frequency calibration difference fD is found

to be less than a respective threshold, the duration of future inter-calibration periods

could be increased compared with the current duration.

In addition, the frequency calibration error fE can be used if desired to determine a

retrospective time compensation value. That is, as described above, the calibration

value obtained in the second calibration time period t
c2

was used to calculate an

expected frequency f3' at the third calibration time t3, and this was in turn used to derive

an expected average frequency f
2-3

during the inter-calibration period between t2 and t3.

The signals generated by the low power oscillator 38 were then compensated on that

basis during the inter-calibration period between t2 and t3. However, if it is found in the

third calibration time period t
c3

that the actual frequency value f3 differs from the

expected frequency f3' , this suggests that the compensation performed during the inter-

calibration period between t2 and t3 was not ideal. It is thus possible to calculate the

degree of under-compensation or over-compensation performed during the previous



inter-calibration period, and to apply a retrospective compensation to the count value

stored in the RTC counter 32, either by generating additional pulses or by inhibiting a

certain number of pulses, as required.

The process illustrated in Figure 2 can then be repeated as often as required. Thus,

when the process is first performed, the first and second calibration results are used to

generate a first correction factor that is applied in the period subsequent to the second

calibration time, and the third calibration result is used in determining the error and/or

difference measures described above. At the same time, the second and third

calibration results are used to generate a new first correction factor that is to be applied

in the period subsequent to the third calibration time, and thereafter a fourth calibration

result is used in determining the error and/or difference measures.

There is therefore described a method for calibrating a clock signal that allows the use

of a relatively inexpensive and low power oscillator to generate a time count value of

acceptably high accuracy.

Figure 5 illustrates an alternative electronic device. The schematic illustrates features

already described. However, it also includes a counter 100 for counting oscillations

from the second oscillator 38. In between calibrations of the second oscillator against

the first oscillator, the counter keeps count of the oscillations from the second oscillator.

Calibration periods provide a relationship between the first and the second oscillators

during the calibration time period, and thus in a following calibration time period, or for

another purpose, the relationship can be used to determine much more precisely what

the count of oscillations translate into, had the counting been performed by the first,

more precise oscillator.

A processor 102 in the system, which is shown in Figure 5 in the calibration block 44

(but which may alternatively be in the controller block 40, or any other place where it

can fit in), can be used to translate a time parameter, for instance 1 s, into a number

representing how many oscillations the second oscillator must go through for it to

reflect the time parameter, here 1 s for illustration.

Thus, if it is known that some further action must be initiated (for example, that

communication with the network must be initiated) at a specific time in the future, the

relationship between the first and second oscillators can be used to predict how many

oscillations of the second oscillator will occur before that specific time. The count of



these oscillations maintained in the counter 100 can be used to determine when this

specific future point in time has been reached.

The processor can be further or alternatively be configured for methods in accordance

with other aspects of the invention, as will be readily recognized by a person of normal

skill in the art.



CLAIMS

1. A method of operation of an electronic device, having a first oscillator and a

second oscillator, the method comprising:

in a normal mode of operation, counting time based on an output from the first

oscillator; and

in a low power mode of operation, counting time based on an output from the

second oscillator; and further comprising, in the low power mode of operation,

repeatedly:

calibrating the second oscillator against the first oscillator during a first calibration

time period to obtain a first calibration result,

recalibrating the second oscillator against the first oscillator during a second

calibration time period to obtain a second calibration result,

determining a correction factor from the first and second calibration results, and

subsequently applying the correction factor when counting time based on the

output from the second oscillator.

2 . A method as claimed in claim 1, wherein the step of determining the correction

factor comprises determining an expected calibration between the first and second

oscillators for a period subsequent to the second calibration period, based on a

difference between the first and second calibration results.

3 . A method as claimed in claim 1 or 2 , further comprising, after subsequently

applying the correction factor:

recalibrating the second oscillator against the first oscillator during a third

calibration time period;

determining an error in the correction factor that had been applied subsequent to

the second calibration time period; and

determining, based on the determined error in the correction factor, a length of a

first time to wait until performing a further recalibration.

4 . A method as claimed in claim 3 , wherein the step of determining the length of the

first time to wait comprises increasing the first time to wait if the determined error in the

correction factor is smaller than a first threshold.



5 . A method as claimed in claim 3 or 4 , wherein the step of determining the length

of the first time to wait comprises decreasing the first time to wait if the determined

error in the correction factor is larger than a second threshold.

6 . A method as claimed in any preceding claim, further comprising, after

subsequently applying the correction factor:

recalibrating the second oscillator against the first oscillator during a third time

period to obtain a third calibration result;

determining a second correction factor from the second and third calibration

results;

determining a difference between the first and second correction factors; and

determining, based on the determined difference between the first and second

correction factors, a length of a second time to wait until a further recalibration.

7 . A method as claimed in claim 6 , wherein the step of determining the length of the

second time to wait until the further recalibration comprises increasing the second time

to wait if the determined difference between the first and second correction factors is

smaller than a third threshold.

8 . A method as claimed in claim 6 or 7 , wherein the step of determining the length

of the second time to wait comprises decreasing the second time to wait if the

determined difference between the first and second correction factors is larger than a

fourth threshold.

9 . A method as claimed in any preceding claim, comprising:

entering the low power mode of operation after expiry of a stabilization period

following a powering down of the electronic device.

10. A method as claimed in any preceding claim, further comprising, in the low power

mode of operation:

powering down the first oscillator following each calibration.

11. A method as claimed in any preceding claim, wherein the electronic device is

powered by a first power source, further comprising:

detecting whether the first power source has been removed from the device; and



if so, ceasing calibration of the second oscillator against the first oscillator until

the first power source or a different power source has been inserted in place of the

removed first power source.

12. A method as claimed in any preceding claim, further comprising:

based on the correction factor determined from the first and second calibration

results, applying a retrospective correction value to the time that was counted based on

the output from the second oscillator during a time period between the second and third

calibration periods.

13. An electronic device, having a first oscillator and a second oscillator, and

comprising:

a counter, for counting time based on an output from the first oscillator in a

normal mode of operation, and for counting time based on an output from the second

oscillator in a low power mode of operation, and

a processor for repeatedly, in the low power mode of operation:

calibrating the second oscillator against the first oscillator during a first time

period to obtain a first calibration result,

recalibrating the second oscillator against the first oscillator during a second time

period, when a first inter-calibration period has expired, to obtain a second calibration

result,

determining a value of a correction factor from the first and second calibration

results, and

subsequently applying the correction factor when counting time based on the

output from the second oscillator.

14. An electronic device as claimed in claim 13, wherein the first oscillator is a crystal

oscillator.

15. An electronic device as claimed in claim 13, wherein the second oscillator is a

low power RC oscillator.

16. A method of operation of an electronic device having a first oscillator and a

second oscillator, the method comprising:

switching, at a beginning of a first calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the first calibration



time period to obtain a first calibration result representing a first frequency of the

second oscillator during the first calibration time period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off; and

subsequently

counting oscillations from the second oscillator, until a first count is reached; and

subsequently

switching, at a beginning of a second calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the second

calibration time period to obtain a second calibration result representing a second

frequency of the second oscillator during the second calibration time period; and

switching, at an end of the second calibration time period, the first oscillator off;

and

providing a time parameter presenting a future point in time and, based on the

first and second calibration results and on the first count of oscillations, estimating a

second count of oscillations of the second oscillator to count after the end of the

second calibration period in order to reach said future point in time;

counting oscillations from the second oscillator, until the second count is

reached, and then initiating a first action.

17. A method in accordance with claim 16, wherein the electronic device is

configurable to communicate with a communications network, and the first action is to

initiate a communication with the communications network.

18. A method in accordance with claim 16, wherein the future point in time is a

beginning of a further calibration time period, and the first action is initiating switching

the first oscillator on and calibrating of the second oscillator against the first oscillator in

order to obtain a further calibration result.

19. A method in accordance with claim 16, wherein the first count is determined as

the first frequency of the second oscillator times a first inter-calibration time.

20. A method of operation of an electronic device having a first oscillator and a

second oscillator, the method comprising:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result



representing a first frequency of the second oscillator during the first calibration time

period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off; and

subsequently

counting oscillations from the second oscillator, until a first count is reached; and

subsequently

switching, at a beginning of a second calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the second

calibration time period to obtain a second calibration result representing a second

frequency of the second oscillator during the second calibration time period; and

switching, at an end of the second calibration time period, the first oscillator off;

and switching, at a beginning of a third calibration time period, the first oscillator on and

calibrating the second oscillator against the first oscillator during the third calibration

time period to obtain a third calibration result representing a third frequency of the

second oscillator during the third calibration time period; and subsequently

switching, at an end of the third calibration time period, the first oscillator off; and

determining, based on difference between the third calibration result and an

expected third calibration result derived from the first and second calibration results, a

length of a first time to wait until a further calibration time period.

2 1 . A method in accordance with claim 20, wherein the expected third calibration

result is derived via an extrapolation of the first and second calibration results towards

the third calibration time period.

22. A method in accordance with claim 2 1, wherein the extrapolation is a linear

extrapolation.

23. A method as claimed in any of claims 20-22, wherein the step of determining the

length of the first time to wait comprises increasing the first time to wait if a difference

between the third frequency and a frequency corresponding to the expected third

calibration result is smaller than a third threshold.

24. A method as claimed in any of claims 20-23, wherein the step of determining the

length of the first time to wait comprises decreasing the first time to wait if a difference

between the third frequency and a frequency corresponding to the expected third

calibration result is larger than a fourth threshold.



25. A method as claimed in any of claims 16-24, wherein the electronic device is

powered by a first power source, further comprising:

detecting whether the first power source has been removed from the device; and

if so, ceasing calibrating the second oscillator against the first oscillator until the first

power source or a different power source has been inserted in place of the removed

first power source.

26. A method of determining a degree of temperature stability of an electronic device

having a first oscillator and a second oscillator, the method comprising:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result

representing a first frequency of the second oscillator during the first calibration time

period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off; and

subsequently

counting oscillations from the second oscillator, until a first count is reached; and

subsequently

switching, at a beginning of a second calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the second

calibration time period to obtain a second calibration result representing a second

frequency of the second oscillator during the second calibration time period; and

switching, at an end of the second calibration time period, the first oscillator off;

and

switching, at a beginning of a third calibration time period, the first oscillator on

and calibrating the second oscillator against the first oscillator during the third

calibration time period to obtain a third calibration result representing a third frequency

of the second oscillator during the third calibration time period; and subsequently

switching, at an end of the third calibration time period, the first oscillator off; and

determining the degree of temperature stability by comparing the first, second

and third calibration results.

27. A method in accordance with claim 26, wherein the degree of temperature

stability is estimated by comparing:

1) a rate of change associated with the first calibration result and the second

result, and:



2) a rate of change associated with the second calibration result and third

calibration result.

28. An electronic device comprising

a first oscillator and a second oscillator,

a counter for counting oscillations from the second oscillator;

a processor configured for:

switching, at a beginning of a first calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during the

first calibration time period to obtain a first calibration result representing a first

frequency of the second oscillator during the first calibration time period; and

subsequently

switching, at an end of the first calibration time period, the first oscillator

off; and subsequently

causing oscillations from the second oscillator to be counted in the first

counter until a first count is reached; and subsequently

switching, at a beginning of a second calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during

the second calibration time period to obtain a second calibration result

representing a second frequency of the second oscillator during the second

calibration time period; and

switching, at an end of the second calibration time period, the first oscillator

off; and

based on a time parameter presenting a future point in time and based on

the first and second calibration results and on the first count of oscillations,

estimating a second count of oscillations of the second oscillator to count after

the end of the second calibration period in order to reach said future point in time,

and;

causing a first action to be initiated when the second count is reached.

29. An electronic device comprising

a first oscillator and a second oscillator,

a counter for counting oscillations from the second oscillator;

a processor configured for:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result



representing a first frequency of the second oscillator during the first calibration

time period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off;

and subsequently

causing oscillations from the second oscillator to be counted in the first

counter until a first count is reached; and subsequently

switching, at a beginning of a second calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during

the second calibration time period to obtain a second calibration result

representing a second frequency of the second oscillator during the second

calibration time period; and

switching, at an end of the second calibration time period, the first oscillator

off; and switching, at a beginning of a third calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during

the third calibration time period to obtain a third calibration result representing a

third frequency of the second oscillator during the third calibration time period;

and subsequently

switching, at an end of the third calibration time period, the first oscillator

off; and

determining, based on difference between the third calibration result and an

expected third calibration result derived from the first and second calibration

results, a length of a first time to wait until a further calibration time period.

An electronic device comprising

a first oscillator and a second oscillator,

a counter for counting oscillations from the second oscillator;

a processor configured for:

switching, if in a switched off state, at a beginning of a first calibration time

period, the first oscillator on and calibrating the second oscillator against the first

oscillator during the first calibration time period to obtain a first calibration result

representing a first frequency of the second oscillator during the first calibration

time period; and subsequently

switching, at an end of the first calibration time period, the first oscillator off;

and subsequently

causing oscillations from the second oscillator to be counted in the first

counter until a first count is reached; and subsequently



switching, at a beginning of a second calibration time period, the first

oscillator on and calibrating the second oscillator against the first oscillator during

the second calibration time period to obtain a second calibration result

representing a second frequency of the second oscillator during the second

calibration time period; and

switching, at an end of the second calibration time period, the first oscillator

off; and

switching, at a beginning of a third calibration time period, the first oscillator

on and calibrating the second oscillator against the first oscillator during the third

calibration time period to obtain a third calibration result representing a third

frequency of the second oscillator during the third calibration time period; and

subsequently

switching, at an end of the third calibration time period, the first oscillator

off; and

determining the degree of temperature stability by comparing the first,

second and third calibration results.
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