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METHOD AND APPARATUS FOR COMPENSATING AN OSCILLATORIN A
LOCATION-ENABLED WIRELESS DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of United States provisional patent application
serial number 60/359,170, filed February 22, 2002, which is herein incorporated by

reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention generally relates to global position system (GPS)
devices and, more particularly, to compensating an oscillator used to receive satellite

signals within a location-enabled wireless device.
Description of the Related Art

[0001] The process of measuring a global positioning system (GPS) signal begins
with a procedure to search for the GPS signal in the presence of noise by attempting
a series of correlations of the incoming signal against a known pseudo-random noise
(PRN) code. The search process can be lengthy, as both the exact frequency of the
signal and the time-of-arrival delay are unknown. To find the signal, receivers
traditionally conduct a two dimensional search, checking each delay possibility at
every possible frequency. To test for the pfesence of a signal at a particular
frequency and delay, the receiver is tuned to the frequency, and the incoming signal
is correlated with the known PRN code delayed by an amount corresponding to the
time of arrival. If no signal is detected, the search continues to the next delay
possibility, and after all delay possibilities are checked, continues to the next
frequency possibility. Each individual correlation is performed over one or more
milliseconds in order to allow sufficient signal averaging to distinguish the signal from
the noise. Such averaging is known as “integration”. Because many thousand
frequency and delay possibilities are checked, the overall acquisition process can

require tens of seconds.

[0002] Recently, new applications of GPS technology in wireless devices have

emerged, for example, imbedding GPS receivers in cellular phones to provide
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emergency location capability. In these applications, rapid signal acquisition in just a
few seconds is required. Furthermore, these applications require a GPS receiver to
operate in harsh signal environments and indoors, where GPS signal levels are
greatly attenuated. Detecting attenuated signals requires each correlation to be
performed over a relatively long period of time. For example, integration may be
performed over a few seconds, as opposed to the 1-10 millisecond period used in
traditional GPS receivers. The two-dimensional sequential search process employed
by traditional receivers becomes impractical at such long integration times, because

the overall search time increases by a factor of 100 or more.

[0003] The performance of a GPS receiver is greatly affected by the frequency
stability of the oscillator used to receive the satellite signals. A high stability oscillator
source may dramatically decrease the amount of time required to fix location by
eliminating the need to search across a wide range of frequency bins. Furthermore,
a high stability oscillator source enables the use of long integration intervals in the

GPS receiver, greatly enhancing the ability to detect attenuated satellite signals.

[0004] In some cases, GPS receivers utilize a temperature compensated crystal
oscillator (TCXO) to provide a stable frequency source. TCXOs employ a-priori
temperature models or characteristics to adjust output frequency as a function of
temperature. Cost effective TCXOs are available that provide stability on the order of
two parts per million. While this is adequate for conventional GPS receivers, such
stability is not adequate for GPS receivers designed to operate very quickly, with

long integration intervals.

[0005] United States patent 5,629,708 describes a method of performing temperature
compensation of an oscillator using a temperature sensor. The method uses
frequency error measurements from GPS signals to adjust a temperature model for a
TCXO over time. Adjusting the temperature model over time improves oscillator
accuracy when compared to continuous use of an a-priori temperature model. The
adjustment process requires the GPS receiver to be operated on a regular basis to
keep the temperature model accurate. Such a technique, however, is unsuitable for
cellular telephone phone emergency location using GPS, where the GPS receiver
may be unused for extended periods. Furthermore, the technique requires that the

GPS receiver have the capability of performing Doppler measurements, which
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typically requires a tracking loop receiver, as opposed to a matched filter receiver
often preferred in cellular telephone applications.

[ooos] Therefore, there exists a need in the art for a method and apparatus that
compensates an oscillator in a GPS-capable wireless device without employing

frequency error measurements obtained from satellite signals.

SUMMARY OF THE INVENTION

[00071 A method and apparatus for compensating an oscillator in a location-enabled
wireless device is described. In one embodiment of the invention, a mobile device
includes a wireless receiver for receiving wireless signals and a GPS receiver for
receiving GPS signals. The mobile device also includes an oscillator having an
associated temperature model. A frequency error is derived from a wireless signal.
A temperature proximate the oscillator is sensed. The temperature model is adjusted
in response to the frequency error and the temperature. Frequency error of the

oscillator is compensated using the adjusted temperature model.

[0008] In another embodiment, a mobile device includes a wireless receiver for
receiving wireless signals and a GPS receiver for receiving GPS signals. The mobiie
device includes a first oscillator having an associated temperature model. The
wireless receiver includes a second oscillator. Frequency error of the second
oscillator is compensated to produce a frequency reference signal. A temperature
proximate the first oscillator is sensed. The temperature model is adjusted
responsive to the frequency reference signal and the temperature. Frequency error

of the first oscillator is compensated using the adjusted temperature model.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the invention are
attained and can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to the embodiments

thereof which are illustrated in the appended drawings.

[0010] Itis to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its

scope, for the invention may admit to other equally effective embodiments.
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[0011] Figure 1 depicts a high-level block diagram showing a mobile device in
accordance with one or more aspects of the invention;

[0012] Figure 2 depicts a block diagram showing an exemplary embodiment of a
portion of the mobile device of Figure 1 in accordance with one or more aspects of

the invention;

[0013] Figure 3 depicts a data flow diagram showing the operation of the

embodiment of the mobile device depicted in Figure 2;

[0014] Figures 4A-C show graphs of illustrative a-priori and updated oscillator
temperature models in accordance with one or more aspects of the invention;

[0015] Figure 5 depicts a flow diagram showing an exemplary embodiment of a
temperature model update process in accordance with one or more aspects of the

invention;

[0016] Figure 6 depicts a block diagram showing another exemplary embodiment of a
portion of the mobile device of Figure 1 in accordance with one or more aspects of

the invention.

[0017] Figure 7 depicts a data flow diagram showing the operation of the

embodiment of the mobile device depicted in Figure 6;

[0018] Figure 8 depicts a block diagram showing another exemplary embodiment of a
portion of the mobile device of Figure 1 in accordance with one or more aspects of

the invention;

[0019) Figure 9 depicts a data flow diagram showing the operation of the

embodiment of the mobile device depicted in Figure 8; and

[0020] Figures 10A-B show graphs of illustrative a-priori and updated oscillator
voltage-temperature models in accordance with one or more aspects of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] A method and apparatus for compensating an oscillator within a location-
enabled wireless device is described. One or more aspects of the invention relate to
adjusting a temperature model associated with an oscillator within a cellular
telephone using a cellular signal. Those skilled in the art, however, will appreciate
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that the invention may be used within other types of mobile or wireless devices that
are location-enabled, such as pagers, laptop computers, personal digital assistants
(PDAs), and like type wireless devices known in the art. In addition, the location of
the wireless device is facilitated by processing global positioning system (GPS)
satellite signals. Although GPS is described as an embodiment, other satellite based
systems could be used, such as GLONASS, GALIEO, and the like.

[0022] Figure 1 depicts a high-level block diagram of a mobile device 102in
accordance with one or more aspects of the invention. The mobile device 102
includes a wireless receiver 104 coupled to an antenna 114, an oscillator
compensation section (“compensation section” 106), and a GPS receiver 112
coupled to an antenna 116. The compensation section 106 includes an oscillator
108 and a temperature model or characteristic associated with the oscillator 108
(“temperature model” 110). The wireless receiver 104 receives wireless signals 118
using the antenna 114. For example, the wireless receiver 104 may include a
cellular telephone receiver that receives cellular signals from a cell tower (not
shown). The GPS receiver 112 receives satellite signals 120 from orbiting satellites

(not shown) using antenna 116.

[0023] The GPS receiver 112 processes the satellite signals 120 using oscillator 108.
Notably, the oscillator 108 produces a signal having a particular frequency, fo
(“oscillator signal” 122). The GPS receiver 112 mixes the oscillator signal 122 and
the satellite signals 120 to produce baseband or near baseband signals, which can
be used to compute the location of the mobile device 102. The operation of GPS
receiver 112 is well-known in the art. The GPS receiver 112 may be a conventional
receiver, as described in United States patent 4,968,891 (issued November 6, 1990),
or an assisted GPS receiver, as described in commonly-assigned United States
patent 6,453,237 (issued September 17, 2002), each of which are incorporated by
reference herein in their entireties. The term “GPS receiver” as used herein is
intended to encompass both conventional GPS receivers and assisted GPS

receivers.

[0024] In one embodiment of the invention, the wireless receiver 104 processes the
wireless signals 118 using oscillator 108. Similar to the GPS receiver 112, the

wireless receiver 104 mixes the oscillator signal 122 and the wireless signals 118 to
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produce baseband or near baseband signals. The processed wireless signals 118
include a signal that can be used to derive a frequency error of the oscillator 108,
foror (“frequency error information” 126). For example, the frequency error
information 126 may be derived from a pilot signal transmitted along with the wireless
signals 118, such as a cellular telephone pilot signal or pilot tone burst. Alternatively,
the frequency error information 126 may be derived from the carrier frequency of the
wireless signals 118 or the modulation within the wireless signals 118. In another
embodiment, the wireless receiver 104 includes a separate oscillator for processing
the wireless signals 118. In such an embodiment, a frequency reference signal 127
may be derived from the separate oscillator within the wireless receiver 104.

[0025] As described in more detail below, the compensation section 106 uses the
temperature model 110 to compensate for frequency error in the oscillator signal

122. In one embodiment, the temperature model 110 is a model of expected
frequency error in the oscillator signal 122 over a range of temperatures. For
example, the oscillator 108 may be a temperature controlled crystal oscillator
(TCXO). In another embodiment, the temperature model 100 is a model of estimated
steering voltage for the oscillator 108 over a range of temperatures. For example,

the oscillator 108 may be a voltage controlled oscillator (VCO).

[0026] In one embodiment of the invention, the compensation section 106 generates
a signal estimating the frequency error, fe, of the oscillator 108 (“oscillator error
signal” 124). The oscillator error signal 124 is coupled to the GPS receiver 112. The
GPS receiver 112 may use the oscillator error signal 124 to compensate for
frequency error in the oscillator signal 122. In another embodiment, the
compensation section 106 compensates for error in the oscillator signal 112 directly
and supplies the compensated oscillator signal 122 to the GPS receiver 112 without
supplying the error signal 124.

[0027] The compensation section 106 generates the oscillator error signal 124 using
the temperature model 110. The temperature model 110 is adjusted or updated
using the frequency error information 126 (ferror) supplied by the wireless receiver
104. Adjusting the temperature model 110 using the frequency error information 126
is described in more detail below. In another embodiment, the temperature model
110 is adjusted or updated using the frequency reference signal 127 (frer). Adjusting
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the temperature model 110 using the frequency reference signal 127 is also
described in more detail below. In either embodiment, by adjusting the temperature
model 110, the invention accounts for component variations and drifts within the
mobile device 102 that may occur over time. As such, the invention provides for
significantly better frequency stability of the oscillator 108 than is achieved using a
static temperature model 110.

[0028] Figure 2 depicts a block diagram showing an exemplary embodiment of a
portion of the mobile device 102 in accordance with one or more aspects of the
invention. Elements of Figure 2 that are the same or similar to those depicted in
Figure 1 are designated with identical reference numerals. The mobile device 102
includes a tuner 207, a frequency or phase detection circuit (“frequency detector”
208), a temperature sensor 202, a processor 204, a memory 206, the GPS receiver
112, and the oscillator 108. The oscillator 208 provides the oscillator signal 122 to
both the tuner 207 and the GPS receiver 112. The GPS receiver 112 and the tuner
207 utilize the oscillator signal 122 to receive GPS and wireless signals, respectively.
Notably, the GPS receiver 112 includes a frequency synthesizer 213 that uses the

oscillator signal 122 as a reference for receiving and processing GPS signals.

[0029] The temperature sensor 202 operates in close proximity to the oscillator 108
(e.g., is attached to the oscillator housing or crystal casing). The temperature sensor
202 senses the temperature of the oscillator 108 and provides a signal indicative of
the measured temperature to the processor 204 (“temperature signal” 203). For
example, the oscillator 108 may be a temperature controlled crystal oscillator
(TCXO). The temperature signal 203 may include many temperature measurements
made over time. The processor 204 uses the temperature signal 203 to generate the
oscillator error signal 124. As described above, the oscillator error signal 124 is an
estimate of frequency error of the oscillator 108 and is generated using the
temperature model 110 in a known manner. The oscillator error signal 124 may be
expressed as an offset in the frequency of the oscillator 108 from its nominal design
frequency, for example in units of parts-per-million (ppm). The oscillator error signal
124 is coupled to the GPS receiver 112, which accepts the estimate of oscillator error
as a software correction. As will be understood by those skilled in the art of GPS

receiver design, the software correction may be used to reduce the frequency tuning
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error introduced by the oscillator 108. In this manner, the frequency search range of
the GPS receiver 112 may be greatly reduced. One example of a GPS receiver that
performs frequency error correction using a software correction technique is
disclosed in commonly-assigned United States patent application serial number
10/345,604, filed January 16, 2003 (Attorney Docket number GLBL 033), which is
incorporated herein by reference in its entirety.

[0030] The processor 204 is coupled to the memory 206. The memory 206 may
include one or more of random access memory, read only memory, magneto-
resistive read/write memory, optical read/write memory, cache memory, magnetic
read/write memory, and the like, as well as signal-bearing media. The memory 206
may store all or portions of one or more programs or data to implement the
processes and methods of the invention. Notably, the memory 206 stores the
temperature model 110 and a temperature model update process 500. Although the
invention is disclosed as being implemented as a processor executing a software
program, those skilled in the art will appreciate that the invention may be
implemented in hardware, software, or a combination of hardware and software.
Such implementations may include a number of processors independently executing
various programs and dedicated hardware, such as application specific integrated
circuits (ASICs).

[0031] The tuner 207 includes a mixer 210 and a frequency synthesizer 212. The
mixer 210 is coupled to the antenna 114 and the frequency synthesizer 212. The
frequency synthesizer 212 is also coupled to the oscillator 108 and receives the
oscillator signal 122. The frequency synthesizer 212 uses the oscillator signal 122
as a reference to produce a mixing signal for downconverting wireless signals. The
tuner 207 uses the mixer 210 and the frequency synthesizer 212 to receive wireless

signals in a known manner.

[0032] The output of the tuner 207 is coupled to the frequency detector 208. The
frequency detector 208 detects a frequency reference within the output of the tuner
207 and compares the frequency reference with output of the oscillator 108 to
produce the frequency error information 126. In one embodiment of the invention,
the frequency reference is a pilot signal and the frequency detector 208 is a pilot tone

frequency detector. For example, in General Mobile System (GSM) wireless
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networks, the pilot signal consists of a frequency correction burst that is broadcast
periodically by the network. The burst is intended to allow cellular receivers to
maintain frequency alignment with base stations. The frequency detector 208 may
be used to measure the frequency of the pilot signal. Any error in the oscillator
signal 122 will result in an offset of the pilot frequency signal from its nominal value.
The frequency detector 208 measures this offset and produces a frequency error
signal 209, which is supplied to the processor 204. The frequency error signal 209
includes a plurality of frequency error measurements over time. As described in
more detail below, the processor 204 executes the temperature model update
process 500 and uses the frequency error signal 209 to adjust the temperature
model 110. In other types of wireless receivers, the frequency detector 208 includes
a frequency control circuit for frequency or phase locking to the wireless signal. For
example, the frequency detector 208 may be an automatic frequency control (AFC)
circuit that locks to the phase or frequency of a carrier or modulation of the wireless

signal.

[0033) Figure 3 depicts a data flow diagram showing the operation of the
embodiment of the mobile device 102 depicted in Figure 2. A frequency error 302,
an oscillator temperature 304, and the temperature model 110 are input to a
temperature model update process 500. The temperature model update process
500 is described in more detail below. Initially, the temperature model 110 is based
on an a-priori temperature model 306 associated with the oscillator 108. The a-priori
temperature model 306 may be programmed into the memory 206 at the factory, and
will usually be generic data applicable to a class of oscillator used in the design. In
one embodiment of the invention, the a-priori temperature model 306 includes of a
series of predicted oscillator offsets at a set of temperatures spaced over an
operating temperature range of the mobile device 102. In other embodiments, the a-
prior temperature model 306 may consist of coefficients of a function, such as a

polynomial fit.

[0034] Initially, the temperature model 110 is based solely on the a-priori temperature
model 306. The oscillator error signal 124 produced using the initial temperature
model 110 will be erroneous due to several effects. For one, individual samples of

oscillators may vary, while the a-priori temperature model 306 is programmed
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identically for all devices. Second, oscillator characteristics can drift over time, thus
the a-priori temperature model 306 may become inaccurate after many months of
use. Finally, errors in the oscillator temperature 304 may introduce perceived
modeling errors, that is, even if the temperature model 110 is correct, the prediction

will be incorrect if the detected temperature is in error.

[0035] As such, the invention updates the temperature model 110. Notably, the
frequency error 302 provides information indicative of the actual frequency error of
the oscillator 108 at a measured temperature. As described in more detail below,
these actual error measurements are used to improve the temperature model 110.
Over time, as frequency error measurements are accumulated across operating
temperatures, the temperature model 110 will be fully updated. Thus, the invention
adapts to errors in individual oscillators, errors induced by drift over time, and errors

in temperature sensing.

[0036] Figure 4A depicts a graph showing an illustrative temperature model 110 as
initially based on an a-priori temperature model 306 in accordance with one or more
aspects of the invention. An axis 402 represents oscillator error in units of ppm, and
an axis 404 represents temperature in degrees Celsius. The temperature model 110
includes a plurality of predicted oscillator offsets 406 (seven are shown). Since the
temperature model 110 is based on the a-priori temperature model 306, the
predicted oscillator offsets 406 indicate pre-programmed predictions of the oscillator
error in parts-per-million for a particular temperature in degrees Celsius. While only
seven of the predicted oscillator offsets 406 are shown for purposes of exposition, in
practice, the temperature model 110 may include a multiplicity of predicted offsets
406. As is apparent from Figure 4A, the temperature model 110 of the oscillator 108
may be modeled as a continuous curve 407. Notably, if the oscillator 108 is a TCXO,
the temperature model 110 is related to the physics of the crystal. The temperature
model 110 may be modeled using a polynomial fit to the predicted oscillator offsets
406.

[0037] Figure 5 depicts a flow diagram showing an exemplary embodiment of the
temperature model update process 500 in accordance with one or more aspects of
the invention. The process 500 begins at step 502, where the full operating

temperature range of a temperature model associated with an oscillator is subdivided
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into temperature bands. For example, the full operating temperature range can be
subdivided into bands spanning five degrees Celsius. At step 504, a new frequency
error measurement is received. The frequency error measurement is derived from a
frequency reference of a wireless signal. For example, the frequency error
measurement may be a frequency offset of a pilot signal from a nominal frequency.
In another example, described in more detail below, the frequency error
measurement may be a difference between the frequency of the oscillator and the
frequency of a second steered oscillator. ‘At step 506, a current temperature
measurement is received. The temperature measurement provides information

indicative of the temperature of the oscillator.

[0038] At step 508, a check is made to determine whether the frequency error
measurement received at step 502 is the first frequency error measurement in a
particular temperature band corresponding to the temperature measurement of step
504. If this is the first frequency error measurement within the particular temperature
band, the process 500 proceeds to step 509. At step 509, an a-priori predicted
oscillator offset within the particular temperature band is discarded in favor of a new
value related to the frequency error measurement (“measured oscillator offset”). The
process 500 proceeds from step 509 to step 511, where the measured oscillator

offset is added to the temperature model 110.

[0039] At step 510, a check is made to determine if the temperature model should be
updated. For example, the temperature model may be updated after a
predetermined amount of frequency error measurements have been received. If the
temperature model should be updated, the process 500 proceeds to stép 512, where
the temperature model is updated by performing a curve fitting process. The curve
fitting process fits a curve to the measured oscillator offsets and any remaining
predicted oscillator offsets. For example, a polynomial curve fit or a least squares

curve fit may be used. Otherwise, the process 500 returns to step 504.

[0040] If the frequency error measurement received at step 502 is not the first
frequency error measurement in the particular temperature band, the process 500
proceeds from step 508 to step 514. At step 514, a check is made to determine if a
sufficient number measured oscillator offsets already exist for the particular

temperature band. If not, the process 500 proceeds to step 511. If so, the process
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500 proceeds to step 516, where the oldest measured oscillator offsets in the
particular temperature band are discarded. The number of measured oscillator
offsets that triggers the discarding of the oldest measured oscillator offsets is a
design parameter that is at least partially based on the amount of memory usage and
the complexity of the curve fit process. In this manner, the invention avoids
accumulating an excessive number of measured oscillator offsets in any one
temperature band, reducing the amount of memory consumed and the computation
complexity of the curve fit process of step 512, which are each related to the number
of offset data points in the temperature model 110. It is desirable, however, to have
a sufficient number of measured oscillator offsets in each band since, individual

frequency error measurements may be in error.

[0041] Figure 4B is a graph showing an illustrative updated temperature mode! after
a plurality of frequency error measurements have been made. As described above,
the axis 402 represents oscillator error in units of ppm, and the axis 404 represents
temperature in degrees Celsius. A plurality of measured oscillator offsets 408 (five
are shown) have been added to the temperature model 110 based on the frequency
error measurements as described above. A curve 410 depicts a model of an
updated temperature model after the curve fitting process. The curve fit process fits
a combination of the measured oscillator offsets 408, and the pre-programmed
predicted oscillator offsets 406. As illustrated, the curve 410 closely matches the
measured oscillator offsets 408 in temperature regions where the measured oscillator
offsets 408 are available, and closely matches the pre-programmed curve 407 in
temperature regions where the pre-programmed predicted oscillator offsets 406
remain. Itis apparent that the temperature model 110 has deviated from the a-priori

temperature model due to drift or other effects as discussed above.

[0042] Figure 4C is a graph showing an illustrative updated temperature model after
a plurality of frequency error measurements have been made across the full
temperature range of the temperature model 110. As is apparent, the updated curve
410 closely matches the measured oscillator offsets 408, which span the entire
temperature range of the temperature model 110. All of the predicted oscillator
offsets 406 have thus been discarded in favor of the measured oscillator offsets 408.
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In this example, the temperature model 110 has completely deviated from the a-priori

temperature model.

[0043] It should be noted that the frequency error measurements, for example, pilot
tone deviation measurements, may have some error associated therewith. In
particular, the frequency error measurements are subject to measurement noise,
base station frequency errors, and errors induced by the Doppler effect if the mobile
device 102 is moving. For this reason, it is desirable to save a history of frequency
error measurements. The curve fit process can employ an algorithm, such as a least
squares fit, to best fit the history of available data. The use of multiple data points
improves the process, making the system more robust to errors in the frequency

error measurements.

[0044] Figure 6 depicts a block diagram showing another exemplary embodiment of a
portion of the mobile device 102 in accordance with one or more aspects of the
invention. Elements of Figure 6 that are the same or similar to elements depicted in
Figures 1 and 2 are designated with identical reference numerals and are described
in detail above. In this embodiment, the tuner 207 utilizes a separate voltage
controlled oscillator (VCQ) 602 for receiving wireless signals. The GPS receiver 112,
as in the embodiment of Figure 2, is driven by the oscillator 108, which operates in
proximity to the temperature sensor 202. In this embodiment, the invention provides
the flexibility of a steered oscillator (VCO 602) for the tuner 207, which is typical of
certain wireless receivers, such as cellular telephone devices, while using a non-
steered oscillator (oscillator 108) for the GPS receiver 112. In some instances, there
are advantages to having separate oscillators, including frequency plan and power

management considerations.

[0045] The VCO 602 is steered by a steering voltage signal 604 generated by the
processor 204. Typically, the steering voltage signal 604 is generated by a digital to
analog converter (not shown). The processor 204 uses the steering voltage signal
604 to keep the VCO 602 within a desired tuning range. The processor 204
generates the steering voltage signal 604 using the frequency error signal 209. The
frequency error signal 209 is derived from a frequency reference within the wireless
signal, such as a pilot signal. Steering of the VCO 602 in this manner is well
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understood by those skilled in the art of wireless receiver design. Output of the VCO

602 is supplied to the frequency synthesizer 212 for receiving wireless signals.

[0046] The VCO 602 supplies the frequency reference signal 127 described above
with respect to Figure 1. The frequency reference signal 127 from the VCO 602 is
coupled to a frequency counter 606 along with output 122 from the oscillator 108.
The frequency counter 606 generates a signal indicative of a measurement that
relates one oscillator frequency to another (“difference signal” 608). Notably, the
frequency counter 606 provides a measurement of the offset between the non-
steered oscillator 108 and the VCO 602, which is being steered to an absolute value
in response to steering voltage signal 604. Thus, the difference signal 608 is an
estimate of the absolute error of the oscillator 108. As described in more detail
below, the processor 204 may execute the temperature model update process 500

using the difference signal 608 to adjust the temperature model 110.

[0047] Figure 7 depicts a data flow diagram showing the operation of the
embodiment of the mobile device 102 depicted in Figure 6. A frequency error 702 is
supplied to an oscillator steering process 704. The frequency error 702 may be
obtained from the frequency error signal 209. The oscillator steering process 704
produces an oscillator steering voltage 706 using the frequency error 702.

Algorithms for oscillator steering process 704 are well known in the industry.

[0048] A difference measurement 708, an oscillator temperature 710, and a
temperature model 110 are supplied to a temperature model update process 500. In
this embodiment, the frequency error measurement received at step 504 of the
process 500 corresponds to the difference measurement 708. The difference
measurement 708 may be obtained from the difference signal 608 supplied the
frequency counter 606. Initially, the temperature model 110 is based on an a-priori
temperature model 714 substantially as described above. The difference
measurement 708 provides information indicative of the actual frequency error of the
oscillator 108 at a measured temperature. The actual error measurements may be
used to improve the temperature model 110 as described above. Over time, as
difference measurements are accumulated across operating temperatures, the

temperature model 110 will be fully updated.
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[0049] Figure 8 depicts a block diagram showing another exemplary embodiment of a
portion of the mobile device 102 in accordance with one or more aspects of the
invention. Elements of Figure 8 that are the same or similar to elements depicted in
Figures 1 and 2 are designated with identical reference numerals and are described
in detail above. In this embodiment, the oscillator 108 is used as a reference for both
the GPS receiver 112 and the tuner 207. In contrast to the mobile device of Figure 2,
however, the oscillator 802 is a steerable oscillator, such as a VCO. Notably, output
of the oscillator 108 is coupled to the GPS receiver 112 and the wireless tuner 207.
The GPS receiver 112 and the wireless tuner 207 employ the output of the oscillator

108 as a reference to receive GPS signals and wireless signals, respectively.

[0050] In particular, the temperature sensor 202 is located proximate the oscillator
108 and provides the temperature signal 203 to the processor 204. The processor
204 uses the temperature signal 203 to generate a steering voltage signal 802. The
steering voltage signal 802 is generated using the temperature model 110. Notably,
in the present embodiment, the temperature model 110 is a voltage-temperature
characteristic that relates temperature measurements to steering voltage estimates.
For any particular input temperature, the output of the voltage-temperature model
110 is a voltage required to steer the oscillator to its nominal frequency. The
processor 204 uses the temperature signal 203 and the temperature model 110 to
produce the steering voltage signal 802 in a known manner. The steering voltage
signal 802 is coupled to the oscillator 108 through a digital to analog converter (not
shown). The processor 204 uses the steering voltage signal 802 to keep the

oscillator 108 within a desired tuning range.

[0051] The frequency error signal 209 may be used to update the temperature model
110 using temperature model update process 500. Since the wireless tuner 107
employs the oscillator 108 as a frequency reference, the frequency error signal 209
is made in reference to the oscillator 108. Thus, the invention of the present
embodiment obviates the need for a frequency counter. In addition, since the
steering voltage signal 802 is produced using the temperature model 110, rather than
using a frequency reference in a wireless signal, such as a pilot tone, the oscillator

108 is steered even in the absence of frequency error measurements. This allows
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the GPS receiver 112 to be used regardless of the availability of a frequency

reference within the wireless signal, such as a cellular pilot tone.

[0052] Figure 9 depicts a data flow diagram showing the operation of the
embodiment of the mobile device 102 depicted in Figure 8. A frequency error 902,
an oscillator temperature 904, and the temperature model 110 are input to a
temperature model update process 500. Notably, the temperature model 110 is a
voltage-temperature model as described above. Initially, the voltage-temperature
model 110 is based on an a-priori voltage-temperature model 906 associated with
the oscillator 108. The frequency error 902 may be used to provide an estimate of
the actual tuning error in the oscillator 108 from its nominal frequency, and can be
used to improve the temperature model 110 as described above. Over time, as
difference measurements are accumulated across operating temperatures, the

temperature model 110 will be fully updated.

[0053] Figure 10A depicts a graph showing an illustrative voltage-temperature model
110 as initially based on an a-priori voltage-temperature model 906 in accordance
with one or more aspects of the invention. An axis 1002 represents oscillator control
in units of volts, and an axis 1004 represents temperature in degrees Celsius. The
voltage-temperature model 110 includes a plurality of predicted oscillator control
voltages 1006 (seven are shown). Since the voltage-temperature model 110 is
based on the a-priori voltage-temperature model 906, the predicted oscillator control
voltages 1006 indicate pre-programmed predictions of the oscillator control voltage in
volts that is required to drive the oscillator 108 to its nominal frequency for a
particular temperature in degrees Celsius. While only seven of the predicted
oscillator offsets 1006 are shown for purposes of exposition, in practice, the voltage-
temperature model 110 may include a multiplicity of predicted offsets 1006. Asis
apparent from Figure 10A, the voltage-temperature model 110 of the oscillator 108
may be modeled as a continuous curve 1007. The voltage-temperature model 110
may be modeled using a polynomial it to the predicted oscillator offsets 1006.

[0054] Figure 10B is a graph showing an illustrative updated voltage-temperature
model after a plurality of frequency error measurements have been made. As
described above, the axis 1002 represents oscillator control in units of volts, and the

axis 1004 represents temperature in degrees Celsius. A plurality of measured
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oscillator control voltages 1008 (six are shown) have been added to the voltage-
temperature model 110 based on the frequency error measurements. The measured
oscillator control voltages 1008 are not frequency error measurements themselves,
but are rather improved estimates of the steering voltage required at a given
temperature. A curve 1010 depicts a model of an updated voltage-temperature
model after the curve fitting process. The curve fit process fits a combination of the
measured oscillator control voltages 1008, and the pre-programmed predicted
oscillator control voltages 1006. As illustrated, the curve 1010 closely matches the
measured oscillator control voltages 1008 in temperature regions where the
measured oscillator control voltages 1008 are available, and closely matches the
pre-programmed curve 1007 in temperature regions where the pre-programmed
predicted oscillator control voltages 1006 remain. It is apparent that the voltage-
temperature model 110 has deviated from the a-priori voltage-temperature model

due to drift or other effects as discussed above.

[0055] The oscillator control voltages 1008 may be derived from the frequency error
measurements using the slope of the voltage-temperature model 110. Specifically,
the frequency error measurement indicates the current frequency error of the
oscillator 108 from nominal. This value is divided by the slope of the voltage-
temperature model 110 to determine the error in the steering voltage.

Mathematically this operation can be expressed as follows:
Vestimate(T) = Veurrent * ferror(T) [ alpha(T)

where Vesimate(T) is the estimated steering voltage at temperature T; fero(T) is the
measured frequency error; Veurent is the steering voltage currently applied to the
oscillator 108; and alpha(T) is slope of the voltage-temperature model 110 at
temperature T. This operation requires that alpha(T) be available to relate the
frequency error measurement to a voltage tuning error. Typically this can be

provided as an a-prior table lookup or curve fit.

[0056] While the foregoing is directed to illustrative embodiments of the present
invention, other and further embodiments of the invention may be devised without
departing from the basic scope thereof, and the scope thereof is determined by the

claims that follow.
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Claims:

1. In a mobile device (102) having a wireless receiver (104) for receiving wireless
signals (118) and a global positioning system (GPS) receiver (112) for receiving GPS
signals (120), a method of compensating an oscillator (108) having an associated
temperature model (110), the method comprising:

deriving (302, 504) a frequency error from a wireless signal;

sensing (304, 506) a temperature proximate the oscillator;

adjusting (500) the temperature model responsive to the frequency error and
the temperature; and

compensating (124, 802) for error in a frequency generated by the oscillator

using the adjusted temperature model.

2. The method of claim 1, wherein compensating for error in the frequency
generated by the oscillator comprises:
sensing (203) a second temperature proximate the oscillator; and
generating (124, 802) an estimated error in the oscillator responsive to the
second temperature and the adjusted temperature model.

3. The method of claim 2, wherein compensating for error in the frequency
generated by the oscillator further comprises supplying (124) the estimated error to
the GPS receiver.

4. The method of claim 2, wherein compensating for error in the frequency
generated by the oscillator further comprises:
adjusting (802) output of the oscillator responsive to the estimated error;
supplying (122) the adjusted output of the oscillator to the GPS receiver.

5. The method of claim 4, wherein the oscillator is a voltage controlled oscillator and
adjusting the output of the oscillator comprises:

generating (802) a steering voltage responsive to the second temperature and
the adjusted temperature model; and

supplying (802) the steering voltage to the voltage controlled oscillator.
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6. The method of claim 1, further comprising:
measuring (208) a reference frequency within the wireless signal;
determining (208) an offset of the reference frequency from a nominal
frequency to produce the frequency error; and
updating (500) a portion of the temperature model related to the temperature

using the frequency error.

7. The method of claim 6, further comprising:

repeating (500) measuring, determining, and updating to produce a plurality of
updated portions of the temperature model; and

fitting (512) the temperature model to the plurality of updated portions of the

temperature model.

8. The method of claim 7, further comprising:

dividing (502) the temperature model into a plurality of temperature bands;
and

for each of the plurality of temperature bands, discarding (516) older updated
portions of the plurality of updated portions in favor of newer updated portions of the
plurality of updated portions if a predetermined number of portions within the

respective temperature band have been updated.

9. The method of claim 6, wherein measuring the reference frequency comprises

receiving (208) a pilot signal from the wireless signal.

10. The method of claim 6, wherein measuring the reference frequency comprises

frequency or phase locking (208) to the wireless signal.

11. In a mobile device (102) having a wireless receiver (104) for receiving wireless
signals (118) and a global positioning system (GPS) receiver (112) for receiving GPS
signals (120), a method of compensating a first oscillator (108) having an associated

temperature model (110), the method comprising:
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compensating (604, 704) for error in a frequency generated by a second
oscillator within the wireless receiver to produce a frequency reference signal;

sensing (203) a temperature proximate the first oscillator;

adjusting (500) the temperature model responsive to the frequency reference
signal and the temperature; and

compensating (124) for error in a frequency generated by the first oscillator

using the adjusted temperature model.

12. The method of claim 11, wherein compensating for error in a frequency
generated by the second oscillator comprises:

measuring (208) a reference frequency within the wireless signal;

determining (208) an offset of the reference frequency from a nominal
frequency;

compensating (604) for error in the frequency generated by the second

oscillator using the offset.

13. The method of claim 12, wherein the second oscillator is a voltage controlled
oscillator and compensating for error in the frequency generated by the second
oscillator further comprises:
generating (604, 706) a steering voltage responsive to the offset; and
supplying (604) the steering voltage to the voltage controlled oscillator.

14. The method of claim 11, wherein adjusting the temperature model comprises:
comparing (606, 708) the frequency reference signal with output of the first
oscillator to provide a frequency error measurement; and
updating (500) a portion of the temperature model related to the temperature

using the frequency error measurement.

15. The method of claim 14, wherein adjusting the temperature model further
comprises:
repeating (500) comparing and updating to produce a plurality of updated

portions of the temperature model; and
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fitting (512) the temperature model to the plurality of updated portions of the

temperature model.

16. The method of claim 15, wherein adjusting the temperature model further
comprises:

dividing (502) the temperature model into a plurality of temperature bands;
and

for each of the plurality of temperature bands, discarding (516) older updated
portions of the plurality of updated portions in favor of newer updated portions of the
plurality of updated portions if a predetermined number of portions within the
respective temperature band have been updated.

17. Alocation-enabled wireless device (102), comprising:

a wireless receiver (104) for receiving wireless signals (118);

a global positioning system (GPS) receiver (112) for receiving GPS signals
(120);

an oscillator (108), coupled to the GPS receiver, having an associated
temperature model (110),

a frequency detector (208) coupled to the wireless receiver, the frequency
detector having a wireless signal as an input and a frequency error (209) as an
output; and

a processor (204) configured to adjust the temperature model responsive to
the frequency error and a temperature (203) proximate the oscillator, and to
compensate for error in a frequency generated by the oscillator using the adjusted

temperature model.

18. The device of claim 17, wherein the processor is further configured receive a
second temperature (203) proximate the oscillator and generate an estimated error
signal (124) responsive to the second temperature, the estimated error signal being

coupled to the GPS receiver.

19. The device of claim 17, wherein the oscillator is a voltage controlled oscillator

and the processor is further configured to receive a second temperature (203)
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proximate the oscillator and generate a steering voltage (802) responsive to the
second temperature, the steering voltage being coupled to the voltage controlled

oscillator.

20. The device of claim 17, wherein the frequency detector is a pilot tone frequency

detector (208) for detecting a pilot tone in the wireless signal.

21. The device of claim 17, wherein the frequency detector includes a frequency

control circuit (208) for frequency or phase locking to the wireless signal.

22. A location-enabled wireless device (102), comprising:

a wireless receiver (104) for receiving wireless signals;

a global positioning system (GPS) receiver (112) for receiving GPS signals;

a first oscillator (108), coupled to the GPS receiver, having an associated
temperature model (110);

a second oscillator (602) coupled to the wireless receiver;

a frequency counter (606) coupled to the first oscillator and the second
oscillator, the frequency counter having a frequency error (608) as output; and

a processor (204) configured to compensate for error in a frequency
generated by the second oscillator, adjust the temperature model responsive to the
frequency error and a temperature (203) proximate the first oscillator, and
compensate for error in a frequency generated by the first oscillator using the

adjusted temperature model.

23. The apparatus of claim 22, wherein the second oscillator is a voltage controlled
oscillator and the processor is further configured to generate a steering voltage

(604), the steering voltage being coupled to the voltage controlled oscillator.

24. A mobile device (102) comprising:

a wireless receiver (104) for receiving wireless signals (118);

a global positioning system (GPS) receiver (112) for receiving GPS signals
(120);
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an oscillator (108), coupled to the GPS receiver, having an oscillator signal
(122) as output;

a temperature sensor (202) for sensing a temperature (203) proximate the
oscillator,

a frequency detector (208), coupled to the wireless receiver, having a
frequency error (209) as output;

a memory (206) for storing a temperature model (110) associated with the
oscillator; and

a processor (204), coupled to the memory, configured to adjust the
temperature model responsive to the frequency error and the temperature, and to
compensate for error in a frequency of the oscillator signal using the adjusted

temperature model.

25. The mobile device of claim 24, wherein the processor is further configured
receive a second temperature (203) proximate the oscillator and generate an
estimated error signal (124) responsive to the second temperature, the estimated

error signal being coupled to the GPS receiver.

26. The mobile device of claim 24, wherein the oscillator is a voltage controlled
oscillator and the processor is further configured to receive a second temperature
(203) proximate the oscillator and generate a steering voltage (802) responsive to
the second temperature, the steering voltage being coupled to the voltage controlled

oscillator.

27. The mobile device of claim 24, wherein the frequency detector is a pilot tone
frequency detector (208) for detecting a pilot tone in the wireless signal.

28. The mobile device of claim 24, wherein the frequency detector includes a

frequency control circuit (208) for frequency or phase locking to the wireless signal.

29. A mobile device (102) comprising:

a wireless receiver (104) for receiving wireless signals(118),
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a global positioning system (GPS) receiver (112) for receiving GPS signals
(120);

a first oscillator (108), coupled to the GPS receiver, having an oscillator signal
(122) as output;

a second oscillator (602) coupled to the wireless receiver,

a temperature sensor (202) for sensing a temperature (203) proximate the first
oscillator;

a frequency counter(606), coupled to the first oscillator and the second
oscillator, the frequency counter having a frequency error (608) as output;

a memory (206) for storing a temperature model (110) associated with the first
oscillator; and

a processor (204), coupled to the memory, configured to compensate for error
in a frequency generated by the second oscillator, adjust the temperature model
responsive to the frequency error and the temperature, and to compensate for error

in a frequency of the oscillator signal using the adjusted temperature model.

30. The mobile device of claim 29, wherein the second oscillator is a voltage
controlled oscillator and the processor is further configured to generate a steering

voltage (604), the steering voltage being coupled to the voltage controlled oscillator.



WO 03/073629

WIRELESS ~—a
SIGNALS

11_8/

SATELLITE e
SIGNALS

.1_2_0/

114

113

PCT/US03/05287

102
/_

MOBIL DEVICE 104

108 |
116

WIRELESS RECEIVER

126 ——
\

=127

,fERROR + fREF

COMPENSATION SECTION //

N\

0sC

TEMPERATURE

MODEL

124 —
122~/" fy I A

GPS RECEIVER

L — 112

_—106
L 110

FIG. 1



PCT/US03/05287

WO 03/073629

2113

902

N

00S
§S300¥d 31vadn

1300W
JUNLVHIdNGL

0Lk
1300
FUNLVHINIL

AHJOW3N

¢ 9Old

174!
J
97 IYNOIS HOHYT HOLYTIIDSO
B dOSN3IS [~—"zoz
~ TYNOIS mmaémas_m_t NLYYIdNTL
€0¢ 801 14 4
MOWVTIOSO [ )
/ [¥3ZISTHINAS]
H3AIFDIY SdO
N~ voe N&|/+7||+||J_
! |¥3zISTHINAS || ek lk
| AON3NDIUA ||
60¢ _ _
N AONINDI4
TYNOIS
oYY
AONINDIY4 f
802

gLl



PCT/US03/05287

WO 03/073629

313

€ 94
300N \

\ JUNLYYIINIL IOV
90 —

oLl

13AON
JHNLVHIdNTL

NOILVIWHOANI
31vddn

FHNLVHIIdNTL
dO1VTIIOSO

005 gs300¥d 3LVAdN yog —

130N FHNLVHIdNTL
HO¥Y3
AON3IND3YA

c0€ l\




WO 03/073629

4/13

PCT/US03/05287

Oscillator errar (ppm)

1

-10

0

10
Temperature (Celsius)

FIG. 4A

20



WO 03/073629 PCT/US03/05287

513

Oscillator error {ppm)

-1 1 L 1 1 I
-020 -10 0 10 20 30 40
Temperature (Celsius)

FIG. 4B



WO 03/073629 PCT/US03/05287

6/13

Oscillator error (ppm)

-10 1 2 { 1
-20 -10 0 10 20 30 40
Temperature (Celsius)

FIG. 4C



WO 03/073629

7113

PCT/US03/05287

DIVIDE TEMPERATURE MODEL

L~ 502

INTO TEMPERATURE BANDS

|

RECEIVE FREQUENCY

ERROR MEASUREMENT

L~— 504

|

RECEIVE TEMPERATURE MEASUREMENT

-~ 506

FIRST

MEASUREMENT
2

500

514

f 509

DISCARD A-PRIORI

PREDICTION

r516

ENOUGH
MEASUREMENTS DISCARD OLDEST -
IN BAND MEASURED OFFSET
?
/— 511

MODEL BASED ON FREQUENCY

ADD MEASURED OFFSET TO TEMPERATURE

[}

ERROR MEASUREMENT
510
N UPDATE
?

FIG. 5

UPDATE TEMPERATURE MODEL

USING CURVE FIT PROCESS




PCT/US03/05287

WO 03/073629

8/13

9 9Old

90¢

N

005
§S300¥d 31vadn

13A0NW
PNLVEIdNGL

0l
300N
EXINAERET

AHOWIN

40SS300Md

vmvul//

60¢

4010313d
AON3NO3IYS

oLl

- YOSNIS LA 202
€0c — IUNLVYIdNEL
YOLYTUSIO Kt o0,
. 909 ™~ y3|Nn0D |———9
TYNOIS 3ONTYI44id | AONINORS |
809 e — 7 N
_ JOLVTIISO | | 221
| QITIONINOD | | €12
39VLI0A 4z_mmm¢ﬂw JOVLI0A | | i)
| ¥09 _ ™\ [W3ZISTHINAS]
(—~ %02 | c09 48 T lwanzow sdo
& |
T T 7] | ¥3ZISTHINAS | | 2L :\
| | AON3NDI¥A | |
| |
_ _



PCT/US03/05287

WO 03/073629

9/13

/

13d0ONW
FHNLVHIdNAL [HOIMd V

1474 —

oLl

T3A0N

NOILVIWHOALNI
31vadn

FHNLVE3IdNGL

. Old

00§

SS300¥d 31vadn
T13A0ON FdNLVE3dNGL

FANLVHIdNTL
dO1VTIIOSO

/

o_‘wl\

JOVLI0A
ONIY331S
HO1VT1IOSO

d31NNOD
AON3IND3Y4 NOHAS
TVNOIS 30N3Y344Id

804 |\

SS300dd
ONM33LS
HOLVTIIOSO

01—

oYY
AON3NO3HA

/

y0. |\

¢0. I\



PCT/US03/05287

WO 03/073629

10/13

90¢

N

005
SS3004d 3ivadn
1300NW
FHNLVYIdNTL

0hb
300N
UNLVHIDNL

AHOW3IN

8 'Ol

- 4OSN3IS [~—"zoz
TYNOIS M_%Emmﬂ_s_mt FANLYHIdNTL
€0e MOLVTIIOS0 |L—— 80} €1z
_ Q3TOYLNOD
JOVLTIOA oz_m_mm._.mL 39VLI0A %
208 | H3ZISTHINAS]
" ¥3AI303Y SO
_ ([YIZSTHINAS || 221 3y, t\
|| AON3NOIYA |,
60C _ _
¥0SS300¥d | ) |wopaiza| | |
- AONIND3IYA
TVNOIS
HOMY3
AONINDIYA

9L



PCT/US03/05287

WO 03/073629

11/13

T13AONW FHNLVHIdNTL 6 G_H_
-3OVLTOA 1H0Id-V

906 —

oLl

14dOn
FHNLVHIdNTL
-JOVLIOA

NOILVINHO4NI

31vadn | UNLYHIJNTL
HO1VTIOSO

00S  gs300¥d 3LVAdN p06 —

T13A0ON FHNLVHIdANTL
HOHY
AON3INO3YA

¢06 |\




WO 03/073629 PCT/US03/05287

12/13

08r
1002 —~

06}
\ 1006

-
|_\
o

=]
=

o
N

o
(N

Oscillator control (v olts)
jam]

1007

©
E-N

O
fap}

08 1 ] 1
-20 -10 0 10

30 40
Temperature (Celsius)

FIG. 10A



WO 03/073629 PCT/US03/05287

13/13

08 T T T T T
1002 ——~

06 e 11 -

T
//

1
%\
_;j
o
o
o))
5
L=
1

0.4

0.2

Oscillator control (volts)
Q

04}

0.6

- 1 1 1
20 -10 0 10 30 40
Temperature (Celsius)

FIG. 10B



INTERNATIONAL SEARCH REPORT International application No.

PCT/US03/05287

A. CLASSIFICATION OF SUBJECT MATTER

IPC(7) HO4B 1/06

USCL 455/264,164.1, 182.1, 182.2, 182.3, 184.1, 192.1, 259, 261; 342/357.01; 701/213, 214
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S.:455/264,164.1, 182.1, 182.2, 182.3, 184.1, 192.1, 259, 261; 342/357.01; 701/213, 214

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
US database, Derwent.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 5,841,396 Al. (KRASNER) 24 NOVEMBER 1998, abstract, Fig. 6A-6C; col. 12, 1-30
line 54 to col. 13, line 9; col. 13, line 35 to col. 14, line 36.

Y US 4,921,467 (LAX) 01 MAY, 1990, abstract, Fig. 1-2, col. 1, lines 6-8; col. 1, line 41 1-30
to col. 2, line 5; col. 2, lines 6-49; col. 3, lines 43-52; col. 3, line 65 to col. 4, line 14;
col. 4, lines 56-68; col. 5, line 51 to col. 6, line 11.

Y US 5,740,525 A (SPEARS) 14, APRIL 1998, abstract, Fig. 1; col. 1, lines 8-10; col. 4, 6, 14
lines 13-50.

Y US 4,611,181 (FUKUMURA ET AL.) 09 SEPTEMBER 1986, Fig. 2A, Fig. 5-6, Fig. 7; 7
col. 1, lines 6-8; col. 1, lines 34-56; col. 4, line 35 to col. 5, line 12.

Y 5,634,205 A (KURISU ET AL.) 27 MAY, 1997, abstract, Fig. 1-6; col. 1, lines 8-12; 8
col. 3, line 1 to col. 4, line 7; col. 4, line 48 to col. 5, line 9; col. 7, lines 16-20; col. 9,
lines 4-34; col. 9, lines 36-52.

Y US 5,933,059 A (ASOKAN) 03 AUGUST, 1999, abstract, Fig. 1-3; col. 2, line 64 to col. 15, 25
3, line 17.

[]

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: “T” later document published after the internatianal filing date or priority

date and not in canflict with the application but cited to understand the

“A”  document defining the general state of the art which is not considered to be principle or theory underlying the invention

of particular relevance

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be cansidered to involve an inventive step

when the document is taken alone

“E”  earlier application or patent published on or after the international filing date

“L™  document which may throw doubts on priority claim(s) or which is cited to

establish the publication date of another citation or other special reason (as
specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

02 June 2003 (02.06.2003)

Date of mailing of t}ulinfmjmsmon

Name and mailing address of the ISA/US
Mail Stop PCT, Attn: ISA/US
Commissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (703)305-3230

Authorized officer

P
Charles Chow / ‘ :
Telephone No. (7¢3 f

Form PCT/ISA/210 (second sheet) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

