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(57) ABSTRACT 

An oscillating circuit (10) includes a quartz crystal oscillator 
(12) for generating a clock signal (20). The clock signal is 
Synchronized to a master Signal (19) during the lock-in 
periods when the oscillating circuit (10) has access to the 
master signal (19). During the holdover periods when the 
oscillating circuit (10) loses access to the master signal (19), 
an oscillation frequency function predicts the crystal oscil 
lation frequency in terms the physical parameters, e.g., time 
and temperature, that may affect the crystal oscillation 
frequency. The predicted frequency is compared with a 
Standard frequency to generate an error Signal. In response 
to the error Signal, a fraction handler block (28) determines 
whether adding cycles to or deleting cycles from the clock 
Signal, thereby calibrating the oscillation signal (13) of the 
oscillating circuit (10). 
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OSCILLATING CIRCUIT AND METHOD FOR 
CALIBRATING SAME 

RELATED APPLICATION DATA 

0001. The present application is related to, and claims 
priority to, U.S. Provisional Patent Application Serial No. 
60/257.682, filed Dec. 21, 2000, which is hereby fully 
incorporated by reference. 

FIELD OF INVENTION 

0002 The present invention relates, in general, to oscil 
lating timing Signals and, more particularly, to circuits and 
methods for generating and calibrating Oscillating timing 
Signals. 

BACKGROUND 

0.003 Oscillators play essential roles in communication 
and information transfer. They provide clock Signals to the 
circuits communicating with each other. A central part of an 
oscillator is usually a piece of quartz crystal. A voltage 
potential is applied across the crystal, causing mechanical 
Vibration at a resonant frequency. The thickness of the 
crystal determines its nominal oscillating frequency. The 
crystal oscillating frequency also depends on other factors 
Such as, for example, temperature, the angle of the cut, load 
capacitance, etc. A Voltage controlled crystal oscillator 
(VCXO) seeks to control the frequency of the oscillator by 
adjusting the load capacitance of the crystal in the oscillator. 
A temperature controlled Oscillator, which is often referred 
to as an oven controlled oscillator (OCXO), seeks to 
increase the frequency Stability of the oscillator by adjusting 
the temperature of the crystal. 

0004. When two circuits such as, for example, a base 
Station and a user terminal in a wireleSS communications 
network, communicate with each other, the clock signals in 
the two circuits are preferably Synchronized with each other. 
This can be achieved by using the clock signal in one circuit, 
e.g., the base Station, as the master Signal, and Synchronizing 
the clock signal in the other circuit, e.g., the user terminal, 
to master signal. The clock signals of different circuits, e.g., 
different base Stations in a wireleSS communication network, 
can also be Synchronized using a common signal, e.g., a 
public switched telephone network (PSTN) signal, as the 
master clock Signal. Alternatively, the clock signal from a 
global positioning System (GPS) satellite can serve as the 
master Signal, wherein the clock signals of all base Stations 
in a wireleSS communication network are Synchronized to 
the GPS signal. That the timing be synchronized between 
base Stations is especially critical during Soft hand-offs, 
where a mobile terminal communicates with more than one 
base Station at the Same time. 

0005 Because of naturally occurring variations in crystal 
oscillation frequencies, Synchronizing clock signals of dif 
ferent circuits in communication with one another is an 
ongoing process. For example, in order to Synchronize the 
clock signal in a base Station to a master Signal from a PSTN 
or a GPS satellite, the base station must first be able to 
receive the master Signal. In operation, however, the wire 
leSS communication base Station may temporarily lose con 
tact with the PSTN or GPS satellite, e.g., due to inclement 
weather conditions or equipment failure. During this "hold 
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over period, the base Station cannot Synchronize its clock 
signals to a master signal from the PSTN, or from the GPS 
Satellite. 

0006 Accordingly, it would be advantageous to provide 
Synchronization circuits and methods for both generating a 
clock signal and then for calibrating the clock signal during 
a period when an oscillating clock circuit is isolated from an 
outside master Synchronization Signal. For example, it 
would be advantageous to have a proceSS for calibrating the 
clock signal of a base Station in a wireleSS communications 
network during a holdover period, thereby keeping the base 
Station Substantially Synchronized with other base Stations in 
the network. Further, it is desirable for the calibration 
process to take different factors that affect the crystal oscil 
lation frequency into consideration, Such as temperature 
changes and aging. 

SUMMARY OF THE INVENTION 

0007. In accordance with a general aspect of the inven 
tion, a proceSS for generating and calibrating an oscillator 
clock signal is provided, which enables the clock signal to 
remain Substantially Synchronized with clock signals of 
other common circuit entities, e.g., in a communications 
network, even when the oscillator loses contact with a 
master Synchronization signal during a holdover period. AS 
used herein, the term "calibration' is to be construed 
broadly, including without limitation the process of gener 
ally Synchronizing an oscillator clock signal to a master 
Synchronization signal, as well as the process of calibrating 
the oscillator clock signal when it is not in contact with the 
master Synchronization signal. 

0008. In accordance with a more specific aspect of the 
invention, the calibration process takes certain physical 
factors that affect the crystal oscillation frequency into 
consideration and generates a crystal oscillation frequency 
function describing the relationship between the crystal 
oscillation frequency and those factors. For example, the 
crystal oscillation frequency generally depends on the thick 
neSS of the crystal, the load capacitance of the crystal 
oscillator, the temperature of the crystal, and the age of the 
crystal. Thus, where the crystal oscillator does not have a 
variable capacitance load, and the dimension of the crystal 
in the oscillator does not change over time, temperature and 
time are the two parameters that may significantly affect the 
crystal oscillation frequency. 
0009 Crystal physical models and experiments show that 
the temperature effect and the time effect on crystal oscil 
lation frequency are Substantially independent of each other. 
Thus, the crystal oscillation frequency function can be 
expressed as the Sum of two Single variable Sub functions. 
One Sub function, having temperature as the Single variable 
and referred to as a “temperature function,” describes the 
relationship between the crystal oscillation frequency and 
the temperature. 

0010. In one embodiment, the temperature function is 
expressed as a polynomial of temperature, wherein the order 
of the polynomial depends on the crystal model and the 
desired accuracy. 

0011. Other base functions can be used in other embodi 
ments to express the temperature function, e.g., wavelets or 
a Fourier transformation. Another option is to use an 
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orthogonal basis instead of a transformation function, e.g., 
wherein Statistical databased on prior temperature measure 
ments of a quantity of crystals is used. When a polynomial 
is used, higher orders of the polynomial give higher accu 
racy, but are more complex and requires more memory and 
calculation time. The temperature coefficients in the poly 
nomial are preferably continuously estimated and reevalu 
ated during the periods when the oscillator circuit has acceSS 
to a master Synchronization Signal. This continuous estima 
tion and reevaluation process keeps the temperature coeffi 
cients updated, So as to accurately describe the relationship 
between the crystal oscillation frequency and temperature. 

0012. The other Sub function, having time as the single 
variable and referred to as a “drift function,” describes the 
relationship between the crystal oscillation frequency and 
time. The drift function reflects the aging effect of the quartz 
crystal. Typically, the drift function is a logarithmic function 
of time with a time constant on the order of weeks, whereas 
the duration of a holdover period is typically on the order of 
minute, or hours. During each holdover period, a first order 
polynomial, i.e., a linear function, with appropriate aging 
coefficients can express the aging effect of the crystal with 
Sufficient accuracy. Like the temperature coefficients in the 
temperature function, the aging coefficients in the drift 
function are preferably continuously estimated and reevalu 
ated during the periods when the oscillator circuit has acceSS 
to a master Synchronization Signal. This continuous estima 
tion and reevaluation proceSS keeps the aging coefficients 
updated, So as to accurately describe the relationship 
between the crystal oscillation frequency and time. Again, 
other base functions can be used to express the aging 
function, e.g., the use of wavelet functions would be well 
Suited for modeling the aging function, but would add 
complexity to the System design. 

0013. Once the temperature and aging coefficients are 
known, a crystal oscillation frequency function describing 
the dependence of the crystal oscillation frequency on 
temperature and time is determined. During a holdover 
period, the crystal oscillation frequency function predicts the 
frequency of the oscillator clock signal. The prediction is 
compared with a target frequency of the oscillator to gen 
erate an error Signal, which is also referred to as a calibration 
Signal. A Synthesizer is then used to generate a stable clock 
Signal based upon the oscillator output and error Signal. The 
Synthesizer is incorporated as part of the existing circuitry 
for Synchronizing the clock signal of the circuit to the master 
Synchronization signal during the lock-in periods, thereby 
Simplifying the calibration proceSS implementation and 
minimizing the circuit complexity. 

0.014. Other aspects and features of the invention will 
become apparent from consideration of the following 
detailed description taken in conjunction with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a block diagram of a preferred oscillating 
circuit configured in accordance with an aspect of the 
invention. 

0016 FIG. 2 is a flow chart of a preferred process for 
calibrating a clock signal in accordance with a further aspect 
the invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0017 Preferred embodiments of the invention are 
described herein below with reference to the figures. It 
should be noted that the figures are only intended to facilitate 
the description of the preferred embodiments. They are not 
intended as an exhaustive description or as a limitation on 
the Scope of the present invention. 
0018. In accordance with a first aspect of the invention, 
FIG. 1 is a block diagram illustrating an oscillating circuit, 
or “timing module’10, which provides a clock signal 20 to 
a host circuit (not shown). The host circuit can be many 
kinds of circuits that require the clock signal 20 generated by 
oscillating circuit 10. By way of example, the host circuit 
may be in a base Station of a wireleSS communication 
network. 

0019. The timing module 10 includes a quartz crystal 
oscillator 12. In a preferred embodiment, the oscillator 12 is 
an oven controlled crystal oscillator (OCXO). By way of 
example, the oscillator 12 has a nominal frequency, no of 
approximately five megahertz. To generate Such a relatively 
low frequency, the quartz crystal (not shown) in oscillator 12 
is relatively thick, e.g., about 1.0024 mm in one embodi 
ment. Thicker crystals are stable because they are more 
insensitive to crystal cut angle errors. 
0020. The oscillator 12 has an attached temperature (e.g. 
thermo couple) sensor 14 for Sensing the temperature of the 
crystal, although other ways of measuring the crystal tem 
perature may be used, Such as measuring the third overtone 
of the crystal oscillation. The temperature Sensor 14 is 
preferably incorporated in the temperature controlling func 
tions of oscillator 12 to simplify the structure, thereby 
improving the reliability of the oscillator 12. 
0021. The oscillator 12 preferably has a temperature 
compensated reference Voltage output. By way of example, 
the reference voltage output of oscillator 12 is 3.3 volts. 
Utilizing this temperature compensated reference Voltage, a 
Stable Supply Voltage is provided to oscillator 12, thereby 
Substantially eliminating Supply Voltage irregularities as a 
factor causing the oscillation frequency variation of the 
oscillator 12. The temperature compensated reference Volt 
age can also serve as a reference for the temperature 
measurement of the oscillator 12. 

0022. The timing module 10 also includes a controller 15 
having a microprocessor 16. The controller is coupled to the 
oscillator 12 for receiving the oscillation signal 13 of 
oscillator 12 and the temperature reading 15 of temperature 
sensor 14. The controller 15 is also coupled for receiving a 
master Synchronization signal 19 from a global positioning 
system (GPS) satellite 17. 
0023 The controller 15 includes a frequency generator 
22, which receives the frequency output from oscillator 12 
and generates a modified frequency signal 25. In one 
embodiment, the frequency generator 22 includes a fre 
quency multiplier and generates the modified frequency 
Signal 25 by multiplying the frequency output signal 13 of 
oscillator 12 by a predetermined factor, which is referred to 
as C. The modified frequency signal is used to drive a 
synthesizer 18 for producing clock signal 20. It will be 
appreciated by those skilled in the art that use of a multiplier 
is to provide greater accuracy for characterization of the 
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oscillating crystal. In alternate embodiments, the nominal 
frequency output signal 13 from oscillator 12 may be used 
without modification, and the invention is not to be restricted 
in this regard. A design choice of whether to multiply the 
frequency is based on balancing the desired accuracy Versus 
System cost and complexity. 

0024. During a “lock-in” period, the modified frequency 
signal 25 is also compared with the master signal 19 from 
the GPS satellite 17 in a comparator 24. The comparator 24 
generates an error Signal 27, which is the difference between 
the master Signal frequency and the modified Signal fre 
quency. The error Signal 27 is input into a proportional and 
integrator (PI) controller 26. Using a transfer function well 
known in the art, the PI controller 26 filters the error signal 
27. The filtered error signal is input into a fraction handler 
circuit 28 as a control signal 29. 
0.025 The fraction handler circuit 28 passes integer por 
tions of the control signal 29 to the synthesizer 18 as a 
Synchronization error Signal 31, while accumulating the 
fractional portions of the control signal 29. When the 
accumulated Sum of the fractional portions of the control 
signal 29 exceeds one, the fraction handler circuit 28 com 
bines it with the integer portions of the control signal 29 in 
the Synchronization error Signal 31. 
0026. The purpose of the synchronization error signal 31 
is illustrated by considering, by way of example, the crystal 
oscillator 12 having a nominally frequency of five MHz and 
driving the Synthesizer 18 that is designed to output a stable 
one HZ signal. A simple synthesizer design to achieve this 
goal is to employ a counter that counts every OScillation of 
the crystal oscillator 12, outputs a "clock tick' every time 
that it counts to five million crystal oscillations, and then 
Zeros the counter for starting the next one second (i.e., five 
million) count. 
0027. However, because of the instabilities inherent in 
the crystal oscillator 12, the Synchronization error Signal 31 
is used to modify the count total that the counter reaches 
before outputting a clock tick. In particular, when the 
Synchronization error Signal indicates that the crystal oscil 
lation frequency is greater than its nominal frequency, the 
counter value is increased accordingly. Likewise, when the 
Synchronization error Signal indicates that the crystal oscil 
lation frequency is lower than its nominal frequency, the 
counter value is decreased accordingly. This process neces 
Sarily changes the phase of the one HZ output in incremental 
Steps which are equal to an integer multiple of the period of 
the crystal oscillation. Because the error Signal can take on 
values that are not necessarily integer multiples of the 
crystal oscillation period, the fraction handler 28 is used to 
take the remaining fractional periods into account. 

0028. In accordance with a further aspect of the inven 
tion, FIG. 2 is a flow chart of a preferred process 100 for 
generating and calibrating a clock Signal 120. By way of 
example, the process 100 for generating and calibrating the 
clock Signal 120 may be implemented using the above 
described oscillating circuit timing module 10 of FIG. 1, 
and is described as Such herein. 

0029) Referring to FIGS. 1 and 2, process 100 starts with 
a step 101 of generating an oscillation frequency Signal 13 
in oscillator 12. At Step 102, the oscillation frequency Signal 
13 is transmitted to frequency Signal generator 22, where it 
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is modified by being multiplied by a predetermined factor C. 
By way of example, the crystal oscillation frequency of 
oscillator 12 in one embodiment is approximately five MHz 
and the factor C. has a value of sixteen. Thus, the modified 
frequency Signal 25 from frequency Signal generator 22 
would have a frequency of approximately eighty MHz. AS 
described above with respect to FIG. 1, the modified fre 
quency signal 25 drives Synthesizer 18 to generate the clock 
signal 20 of timing module 10 at step 104. 
0030. In a step 105, the timing module 10 detects the 
accessibility to the master Signal/synchronization signal 19 
from the GPS satellite 17. When the timing module 10 has 
access to the master Signal 19, the timing module 10 is 
referred to as operating in a lock-in period. When the timing 
module 10 loses access to, and is isolated from, the master 
Signal 19, timing module 10 is referred to as operating in a 
holdover period. The loss of access to the master signal 19 
may be caused by routine circuit Switching off, adverse 
weather conditions, equipment failure, etc. 
0031. During a lock-in period, the modified frequency 
Signal 25 is Synchronized to the master Signal 19 in a step 
106. The synchronization process first compares the modi 
fied frequency signal 25 with the master signal 19 in 
comparator 24 to generate an error Signal 27, which is the 
phase difference between the master signal 19 and the 
modified frequency Signal 25. The error Signal 27 passes 
through the PI controller 26, which generates a control 
signal 29 from the error signal 27. The fraction handler 28 
receives the control Signal 29 and generates a Synchroniza 
tion error signal 31 that determines the number of cycles that 
need to be added to, or Subtracted from, the modified 
frequency Signal 25, thereby Synchronizing the clock signal 
20 to the master synchronization signal 19 from the GPS 
Satellite 17. 

0032. When the timing module 10 loses access to the 
master Synchronization Signal 19 and enters the holdover 
period, a calibration proceSS 110 is activated. In a Step 112, 
the microprocessor 16 in controller 15 takes the physical 
factors or parameters that affect the crystal oscillation fre 
quency into consideration and generates a crystal oscillation 
frequency function in terms of those physical parameters. 
The function predicts the crystal oscillation frequency of 
oscillator 12 in response to the physical parameters. 
0033) Factors or parameters that might affect the fre 
quency of oscillator 12 include the dimension of the crystal 
in oscillator 12, the temperature of the crystal, and the age 
of the crystal. The dimension of the crystal is determined at 
the time of cutting the crystal. Thus, the remaining two 
major factors or parameters affecting the frequency of 
oscillator 12 are the age and the temperature of the crystal. 
The age effect is also referred to as a drift effect. 
0034) Experiments show that the drift effect and the 
temperature effect are Substantially independent of each 
other. The Oscillation frequency in of oscillator 12 can 
therefore be expressed as a function of two parameters, time 
t and temperature T, in the form: 

0035 wherein no is the nominal oscillation frequency of 
the crystal, and (p(t) and f(T) are the functional descriptions 
of the drift effect and the temperature effect, respectively, on 
the crystal oscillation frequency. The nominal frequency no 
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is typically provided by the crystal manufacturer and pref 
erably stored in a nonvolatile memory unit (not shown), e.g., 
an electrically erasable and programmable read only 
memory (EEPROM) unit in oscillator 12, or in controller 15. 
0036) The drift function p(t) describes the drift or aging 
effect of the crystal. Typically, the drift function is a loga 
rithmic function of time with a time constant on the order of 
weeks. A holdover period typically lasts on the order of 
minutes or hours, Significantly shorter than a week. Thus, a 
polynomial of the first order, i.e., a linear function, with 
appropriate aging coefficients can express the drift effect 
with Sufficient accuracy during a holdover period. 
0037. The temperature function f(T) can be expressed in 
terms of many types of basis functions Such as, for example, 
polynomials, wavelets, Fourier Series, etc. In one preferred 
embodiment, a polynomial is used to represent the tempera 
ture function f(T), with the order of the polynomial depend 
ing on the crystal model and the desired accuracy. Higher 
polynomial orders may give higher accuracy, but are more 
complex and require more memory and calculation time. In 
one embodiment, the temperature function f(T) is expressed 
by a third order polynomial. Experiments with various types 
of crystal oscillators have shown that a third order polyno 
mial can represent the temperature function f(T) with Suf 
ficient accuracy in most situations. 
0038. With the drift effect represented by a linear func 
tion and the temperature effect represented by a third order 
polynomial, the crystal oscillation frequency function is 
expressed as: 

0.039 wherein K is an aging coefficient, A, B, and C are 
temperature coefficients, and D is a Zeroth order coefficient 
representing the long-term drift effect and the temperature 
effect on the oscillation frequency of crystal oscillator 12. 
The initial values of the coefficients K, A, B, C, and D can 
be provided by the crystal manufacturer and Stored in a 
nonvolatile memory unit in oscillator 12 or in controller 15. 
0040 Preferably, the coefficients K, A, B, C, and D are 
continuously estimated and reevaluated in a step 122 during 
lock-in periods when the timing module 10 has access to the 
master Synchronization signal 19. This continuous estima 
tion and reevaluation keeps the coefficient K, A, B, C, and D 
updated and accurately describing the crystal oscillation 
frequency in terms of time and temperature. In a preferred 
embodiment, the coefficient K, A, B, C, and D are reevalu 
ated over a period of twenty-four hours by taking 320 pairs 
of time and frequency readings. In order to improve the 
accuracy and minimize the memory Space needed for Storing 
the data, it is preferred to move the time origin to the 
beginning of each cycle for reevaluating the aging coeffi 
cients. A period of twenty-four hours is chosen because it 
covers one diurnal temperature cycle. Any one diurnal cycle 
will usually not cover the entire range of temperatures in 
which the oscillator circuit is expected to operate, e.g., due 
to Seasonal variations. However, the temperature coefficients 
evaluated during one diurnal period are generally Suffi 
ciently accurate in predicting the oscillation frequency dur 
ing a holdover period immediately following that diurnal 
period. 

0041. By way of example and in a preferred embodiment, 
the coefficients K, A, B, C, and D are reevaluated in Step 122 
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by regression. For example, the coefficient K can be reevalu 
ated using time regression, and the coefficients A, B, C, and 
D can be reevaluated using temperature regression. In an 
alternative embodiment, the coefficients K, A, B, C, and D 
are reevaluated together in a multiple variant regression 
process during the lock-in period. 
0042 Experiments show that the quartz crystal has a 
memory effect in the Sense that, at a certain temperature T, 
the temperature function f(T) may have two values slightly 
different from each other, one for increasing temperature and 
one for decreasing temperature. Hence, in one embodiment, 
where a higher accuracy is desired, the coefficients A, B, C 
and D are expressed in terms of eight temperature coeffi 
cients A, A, B, B, C, C, D", and Das 

0043) wherein T is the temperature of the crystal at a 
time earlier than when the temperature T is sensed. Practi 
cally, T can simply be the last temperature reading before 
temperature T is Sensed for calculating the temperature 
function f(T). 0 is the step function defined as 

O 4 eco- (x < 0). (4) 1 (x > 0) 

0044) Like the coefficients A, B, C, and D in the previ 
ously described embodiment, the coefficients A, B, C, 
and Dfcan be initially provided by the crystal oscillator 
manufacturer and Stored in a memory in oscillator 12 or in 
controller 15 and reevaluated in step 122 during the lock-in 
periods. If an even higher accuracy is desired, the coeffi 
cients A, B, C, and Dfcan be replaced by arrays of 
coefficients A, B, C, and D, with each element in the 
arrays covering a particular temperature range. 

0045 With the aging coefficient, K and the temperature 
coefficients, A, B, C, and D, calculated, the crystal oscilla 
tion frequency can be determined through the crystal oscil 
lation frequency function as expressed in Equation (2). 
0046) When timing module 10 operates in the holdover 
period, a holdover algorithm in microprocessor 16 operates 
to essentially provide the controller signal 29 to the fraction 
handler 28. In particular, the holdover algorithm calculates 
the current frequency (as multiplied, if applicable) 25 of the 
oscillator using Equation (2) in step 112. In a step 114, 
microprocessor 16 calculates an oscillation frequency error 
Signal as 

0047 The error signal transmitted to fraction handler 28 
as the control Signal. In response to the control Signal, 
fraction handler 28 generates the Synchronized error Signal 
31, which is also referred to as a calibration Signal, in a Step 
115. The calibration signal is transmitted to synthesizer 18, 
thereby calibrating timing module 10 in a step 118. The 
operations of fraction handler 28 and synthesizer 18 during 
a holdover period are Substantially the same as those during 
a lock-in period except that, during the holdover period, the 
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control Signal is generated by the microprocessor 16 using 
the oscillation frequency function n(t,T), whereas during the 
locking period the control Signal is generated by the com 
parator 24 and PI controller 26 using the master synchroni 
zation signal 19 from the GPS satellite. 
0.048. The holdover period ends when the timing module 
10 regains access to the master Signal. Timing module 10 
again operates in the lock-in period. The clock Signal 20 is 
again Synchronized to the master Signal in Step 106. In 
addition, the drift and temperature coefficients in the crystal 
oscillation frequency function n(t,T) are estimated and 
reevaluated during the lock-in period in Step 122. Conse 
quently, during the next holdover period, the clock signal of 
timing module 10 will be calibrated using the updated 
crystal oscillation frequency function n(t,T). 
0049. As will be appreciated by those skilled in the art, 
the process 100 for generating a clock signal and calibrating 
the clock signal as described herein above will keep the 
clock signals of timing module 10 Substantially Synchro 
nized with those of other circuits during the holdover 
periods when timing module 10 is isolated from outside 
Synchronization signals. In one embodiment, the proceSS 
100 will keep a base station in a wireless communication 
network Substantially Synchronized with other base Stations 
during the holdover periods when the base Station loses 
contact with a PSTN or GPS satellite master signal. 
0050. By now it will be appreciated that an oscillating 
circuit and a method for generating and calibrating an 
oscillating clock signal have been disclosed and described, 
in which the oscillating circuit employs uses a crystal 
oscillator to generate the clock signal. The clock signal can 
be Synchronized to a master Synchronization signal during 
the lock-in periods when the circuit has access to the master 
Signal. When the circuit loses the access to the master Signal 
during the holdover periods, the calibration process will 
keep the clock signal Substantially Synchronized with the 
clock Signals of other circuits, e.g., base Stations in a 
wireleSS communication network. 

0051. The calibration process is based on a crystal oscil 
lation frequency function that takes physical conditions Such 
as temperature and time that have effects on the crystal 
oscillation frequency into consideration. Furthermore, the 
calibration process continuously updates and reevaluates the 
crystal oscillation frequency function. Therefore, the cali 
bration proceSS is reliable and accurate. The polynomial 
form of the crystal oscillation frequency function makes the 
calibration proceSS Simple and memory Space efficient. The 
cycle add and cycle deletion of the calibration process can 
be performed using the existing circuitry for Synchronizing 
the clock signal of the circuit to the master Synchronization 
Signal during the lock-in periods, thereby simplifying the 
calibration proceSS implementation and minimizing the cir 
cuit complexity. 

0.052 While specific embodiments of the present inven 
tion have been described herein above, they are not intended 
as a limitation on its Scope, and modifications and variations 
of the described embodiments will be apparent to those 
skilled in the art without departing from the inventive 
aspects described herein. 
0.053 For example, sensing the temperature of the oscil 
lator can be performed using methods other than those 
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described herein above. Further, the crystal oscillation fre 
quency function is not to be limited to depending on time 
and temperature. For example, if the circuit is to perform in 
a high gravity ("g”) environment, the function may depend 
upon the measure g. The function can also depend on other 
physical conditions, Such as atmospheric pressure, back 
ground electromagnetic field, etc. that may affect the crystal 
oscillation frequency. 
0054. In addition, the aging function is not limited to 
being a linear function of the time. Depending on the desired 
accuracy, the aging function can be a polynomial of a higher 
order or a different type of basis function may be used to 
express the aging function, e.g., the use of wavelet functions 
would be well-Suited for modeling the aging function, but 
would add complexity to the System design. Similarly, the 
temperature function is not limited to being a polynomial, as 
other transformation functions, or even an Orthogonal basis 
based on Statistical data, may be used within the Scope of the 
invention to express either of the temperature or aging 
functions. What is important to the invention is that the 
factors that influence the crystal oscillation are taken into 
account in Synthesizing an oscillator clock signal, not the 
particular methodology employed to do So. 

1. An oscillating clock circuit, comprising: 
a crystal oscillator generating a crystal oscillation signal; 
a controller coupled for receiving the crystal oscillation 

Signal, the controller generating a modified frequency 
Signal from the crystal oscillation signal, 
the controller further coupled for receiving a Synchro 

nization Signal, the controller generating a first cali 
bration Signal based on comparing the modified 
frequency signal to the Synchronization Signal, 

the controller further generating a Second calibration 
Signal based on predicting a frequency of the crystal 
oscillation signal in response to a physical parameter 
of the crystal oscillator, and 

a Synthesizer coupled for receiving the modified fre 
quency Signal and calibration Signals from the control 
ler, the Synthesizer generating a clock signal in 
response to the modified frequency signal and adjusting 
the clock signal in response to the calibration Signals. 

2. The oscillating clock circuit of claim 1, the controller 
generating the Second calibration Signal in response to the 
losing access to the Synchronization signal. 

3. The Oscillating clock circuit of claim 1, wherein the 
physical parameter of the crystal oscillator is age. 

4. The OScillating clock circuit of claim 1, wherein the 
physical parameter of the crystal oscillator is temperature. 

5. The oscillating clock circuit of claim 1, the controller 
comprising a comparator coupled for receiving the modified 
frequency Signal and the Synchronization signal, the com 
parator generating an error Signal by comparing the modified 
frequency Signal and the Synchronization signal, wherein the 
first calibration signal is based on the error Signal. 

6. The oscillating clock circuit of claim 1, the controller 
comprising a frequency Signal generator for generating the 
modified frequency Signal. 

7. The oscillating clock circuit of claim 6, wherein the 
frequency Signal generator comprises a frequency multiplier. 
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8. The oscillating clock circuit of claim 1, the controller 
configured for predicting the frequency of the crystal oscil 
lation Signal as a function of temperature of the crystal 
oscillator. 

9. The oscillating clock circuit of claim 1, the controller 
configured for predicting the frequency of the crystal oscil 
lation Signal as a function of age of the crystal oscillator. 

10. The oscillating clock circuit of claim 1, the controller 
configured for predicting the frequency of the crystal oscil 
lation signal as a function of both temperature and age of the 
crystal oscillator. 

11. An oscillating clock circuit, comprising: 
a crystal oscillator generating a crystal oscillation Signal; 
a controller coupled for receiving the crystal oscillation 

Signal and for predicting a frequency of the crystal 
oscillation signal in response to a physical parameter of 
the crystal oscillator. 

12. The oscillating clock circuit of claim 11, the controller 
further coupled for receiving a Synchronization signal, the 
controller generating a first calibration signal based on 
comparing the crystal oscillation Signal to the Synchroniza 
tion Signal, and a Second calibration Signal based on the 
predicted crystal oscillation frequency, the clock circuit 
further comprising 

a Synthesizer coupled for receiving the crystal oscillation 
Signal and calibration Signals from the controller, the 
Synthesizer generating a clock signal in response to the 
crystal oscillation Signal and adjusting the clock signal 
in response to the calibration signals. 

13. The oscillating clock circuit of claim 11, wherein the 
physical parameter of the crystal oscillator is age. 

14. The oscillating clock circuit of claim 11, wherein the 
physical parameter of the crystal oscillator is temperature. 

15. The oscillating clock circuit of claim 12, the controller 
comprising a comparator coupled for receiving the crystal 
oscillation Signal and the Synchronization signal, the com 
parator generating an error Signal by comparing the crystal 
oscillation Signal and the Synchronization signal, wherein 
the first calibration signal is based on the error Signal. 

16. The oscillating clock circuit of claim 11, the controller 
configured for predicting the frequency of the crystal oscil 
lation signal as a function of both temperature and age of the 
crystal oscillator. 

17. A method for calibrating an oscillation Signal gener 
ated by a crystal oscillator, comprising: 

predicting a frequency of the Oscillation Signal based on 
a physical parameter of the crystal oscillator. 

18. The method of claim 17, wherein the frequency of the 
oscillation signal is predicted as a function of temperature of 
the crystal oscillator. 

19. The method of claim 17, wherein the frequency of the 
oscillation Signal is predicted as a function of aging of the 
crystal oscillator. 

20. The method of claim 17, wherein the frequency of the 
oscillation Signal is predicted as a function of both tempera 
ture and aging of the crystal oscillator. 

21. A method for calibrating a clock signal in a base 
Station of a wireleSS communication network, comprising: 

generating a oscillation Signal using a crystal oscillator in 
the base Station; 
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generating a modified frequency Signal by multiplying a 
frequency of the oscillation Signal by a predetermined 
factor; 

receiving a master Synchronization Signal from a global 
positioning System Satellite, 

generating the clock signal by Synchronizing the modified 
frequency Signal to the master Synchronization Signal; 

generating a predicted oscillation frequency of the crystal 
Oscillator in terms of a physical parameter of the crystal 
Oscillator during a holdover period in which the base 
Signal loses access to the master Synchronization Sig 
nal; 

generating a calibration Signal by comparing the predicted 
Oscillation frequency with a Standard frequency during 
the holdover period; and 

generating the clock signal during the holdover period by 
adjusting the modified frequency Signal in response to 
the calibration signal. 

22. The method of claim 21, wherein the step of gener 
ating a predicted oscillation frequency of the crystal oscil 
lator includes: 

generating a temperature function; 
Sensing a temperature of the crystal oscillator; and 
generating the predicted oscillation frequency in terms of 

the temperature in accordance to the temperature func 
tion. 

23. The method of claim 22, wherein the step of gener 
ating a temperature function includes the Steps of: 

providing a plurality of temperature coefficients, and 
generating a polynomial of the temperature in terms of the 

plurality of temperature coefficients. 
24. The method of claim 23, 
the Step of providing a plurality of temperature coeffi 

cients including providing a first Set of temperature 
coefficients and a Second Set of temperature coeffi 
cients, and 

the Step of generating a polynomial of the temperature 
including generating the polynomial of the temperature 
using the first Set of temperature coefficients in 
response to an increasing temperature and using the 
Second Set of temperature coefficients in response to a 
decreasing temperature. 

25. The method of claim 23, the step of providing a 
plurality of temperature coefficients including: 

Storing a plurality of initial values for the plurality of 
temperature coefficients in a memory unit, and 

reevaluating the plurality of temperature coefficients over 
a twenty four hour period in response to the base Stating 
having access to the master Synchronization signal. 

26. The method of claim 23, the step of generating the 
predicted oscillation frequency of the crystal oscillator fur 
ther including: 

generating a drift function in terms of a time, and 
generating the predicted oscillation frequency in terms of 

the temperature and the time in accordance to a Sum the 
temperature function and the drift function. 
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27. The method as claimed in claim 21, the step of deleting at least one cycle from the modified frequency 
generating the clock signal including performing an action Signal to generate the clock signal; and 
Selected from a group of actions including: passing the modified frequency Signal as the clock Signal. 

adding at least one cycle to the modified frequency Signal 
to generate the clock signal; k . . . . 


