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3G RADIO

The present invention relates to device architecture of mobile telephony units.

There are an emerging number of standards for cellular communication. For
example, the European GSM system works in transmission bands known as GSM 850,
GSM 900, GSM 1800 and GSM 1900, where the numeric part of the name is indicative of
the frequency of the band expressed in MHz. Furthermore, the UMTS system operates on a
transmission band between 1.92 and 1.98 GHz. It would clearly be desirable if a
telecommunications device could easily switch between these various telecommunications
standards depending on which service it wished to use, or indeed which service was
available.

According to a first aspect of the present invention, there is provided a transmitter for
GSM and UMTS comprising: an in-phase/quadrature up-converter for mixing in-phase and
quadrature inputs with an intermediate frequency; a GSM path including a phase locked loop;
and a UMTS path;

wherein a frequency generator module is provided to generate a first signal at a
frequency F, and the first signal is supplied as an input to an image reject mixer in the GSM
path, to a mixer in the UMTS path, and as an input to divider which divides the first signal by
three to create an intermediate frequency which is supplied to the in-phase/quadrature up
converter; and wherein the image reject mixer in the GSM path is controllable to select either
an upper or lower side band such that the GSM path operates at either (1+'/3)F; or (1-'13)Fy;
and wherein the mixer in the UMTS path selects the upper side band so as to have a output at
(1+'/3)F,.

It is thus possible to provide a transmitter arrangement operable in both the GSM
bands, and the UMTS band in which many of the RF components are shared. Thus, for
example, if the first signal from the frequency generator is in a band centered about 1.35
GHz, but extending as low as 1.28 GHz and as high as 1.485 GHz then it is possible to
tune the transmitter to selectively operate in the GSM 850 and GSM 900 bands, and in
the GSM 1800 and 1900 bands and in the UMTS band between 1.92 and 1.98 GHz.

Advantageously the first radio frequency signal is in fact generated by a ultra high
frequency voltage controlled oscillator working in the range of 2.565 to 2.97 GHz. This
frequency can then be divided by 2 by a divider in order to ensure that the first RF frequency
has an equal mark space ratio. It will be appreciated by the person skilled in the art that
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transistor switching and logic technologies are now fast enough to operate at these
frequencies. Furthermore, the divider can be arranged to produce in-phase and quadrature
versions of the first radio frequency signal.

Advantageously the divider for generating the intermediate frequency (i.e. a local
oscillator signal) is a regenerative divider which comprises two channels, one working on the
in-phase signal and one working on the quadrature signal. Each channel has a mixer which
receives the first radio frequency signal and a divide by 4 circuit which receives an output of
the mixer and which itself provides an input to a respective second input of the mixer. The
output of the divide by 4 divider is also provided to the respective in-phase and quadrature
mixers. The feedback loop formed by the mixer and the divider by 4 divider in fact forms a
divide by 3 mixer, as is known to the person skilled in the art.

Preferably the GSM transmission path comprises a phase sensitive detector having a
first input for receiving an output of the in-phase/quadrature up-converter, and a second input
for receiving an output of the image reject mixer in the phase locked loop. An output of the
phase sensitive detector is provided to an input of a voltage controlled oscillator which in turn
generates a radio frequency output signal. The output of the voltage controlled oscillator is
provided to a further input of the image reject mixer. Because the image reject mixer
receives both the in-phase and quadrature signals of the first signal, it can be electronically
selected to output either the upper side band or the lower side band. Thus the phase locked
loop can be selectively locked to a frequency of Fy minus the intermediate frequency or F;
plus the intermediate frequency.

The output of the voltage controlled oscillator in the GSM path is also provided to a
high power amplifier which can be driven in Class C mode in order to obtain high efficiency.
Driving the amplifier in Class C mode generates harmonics at multiples of the frequency of
the voltage controlled oscillator. However it is apparent that these multiples are spaced apart
by at least 850 MHz and therefore can be easily removed by relatively simple filtering.

The UMTS path may comprise one or more electronically controlled variable gain
amplifiers serving to amplify the modulated intermediate frequency signal. The amplifiers
typically only have to operate across a relatively narrow band of frequencies centered about
the intermediate frequency, e.g. 450 MHz. The amplifiers can therefore be constructed to be
particularly linear. The output from the amplifiers is then mixed with the first signal by a

single side band mixer in order to up-convert it to the UMTS output frequency in the range of
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1.92 to 1.98 GHz. The output from the mixer may then be passed through a further variable
gain amplifier giving around 25 to 30 dB of gain. The output of the amplifier may be passed
through a surface acoustic wave filter before being supplied to a further off-chip power
amplifier. A feedback path is also provided for sampling the output of the power amplifier,
detecting the output level thereof, digitizing it through an analog to digital converter and
providing a measurement of the power output to a UMTS power control logic circuit.

It is thus possible, in a preferred embodiment of the invention, to provide a multi-
mode transmitter operable in both UMTS and GSM transmission modes, the transmitter
comprising:

a. a signal input for receiving a signal (such as an I/Q baseband signal) to be
upconverted by the transmitter;

b. an oscillator for generating a first radio frequency signal having a frequency Fi, where
F, is 1.5 or 0.75 times the desired carrier frequency Fc;

c. a first divider for receiving the first radio frequency signal F and dividing it by three
5o as to form an intermediate frequency local oscillator signal, I, having a frequency
substantially at 0.25 or 0.5 times the desired carrier frequency;

d. at least one mixer for mixing the signal from the signal input with the intermediate
frequency local oscillator signal to create a modulated intermediate frequency signal;

€. a GSM path responsive to the modulated intermediate frequency signal; and

f. a UMTS path responsive to the modulated intermediate frequency signal;

wherein the GSM path comprises a voltage controlled oscillator within a phase locked loop,
the phase locked loop including an image reject mixer receiving at a first input thereof the
output of the voltage controlled oscillator, and at second inputs thereof in-phase and
quadrature representations of the first radio frequency signal, such that it selectively outputs
either the upper or lower side band as the signal to the phase sensitive detector within the
phase locked loop; and

wherein the UMTS path comprises at least one variable gain amplifier and a mixer for
mixing the first radio frequency signal with the modulated intermediate frequency signal and
outputting one of the side bands to a further amplifier stage.

The oscillator may be followed by a divide by two stage such that in-phase and

quadrature versions of the divided oscillator signal can be easily obtained. In such an
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implementation the oscillator frequency needs to be doubled to 1.5 or 3 times the desired
carrier frequency.

According to a second aspect of the present invention, there is provided a direct
conversion multi-mode receiver comprising electronically reconfigurable filters.

It is thus possible, by providing reconfigurable filters, to manipulate the output from
the direct conversion multi-mode receiver such that it is suitable for additional processing
operations to be performed on the signal in order to extract the data therein.

Advantageously the direct conversion multi-mode receiver also comprises offset
generators which can be used to apply a controllable offset to a summer which is responsive
to the output of the receiver.

In the direct conversion topology, it is highly desirable in order to be able to provide
an offset to the output from the receiver. A reason for this is that the down conversion is
performed by mixing the received radio signal, which is nominally centered about a
frequency F,, with a locally produced radio signal, also having a frequency of F. It therefore
follows that the carrier of the received signal is down converted to a DC signal (or very near
DC in the case of oscillator frequency mismatch). Any spurious DC offset (or low frequency
signal) therefore needs to be subtracted from the output of the converter in order to reduce the
dynamic range required of the subsequent processing circuitry, which in reality will comprise
analog to digital converters such that further processing can then be performed in the digital
domain. The act of removing the DC offset means that the dynamic range and resolution of
the converters required can be reduced, therefore reducing the cost of the subsequent
processing circuitry.

In a preferred embodiment, a direct conversion multi-mode receiver is provided which
comprises at least one electronically reconfigurable filter arranged to filter a base band signal
received from the receiver, and an offset generator, each of the reconfigurable filter and the
offset generator is under the control of a control circuit such that the offset and filter response
can be automatically controlled as a function of reception mode and signal conditions.

The filter may be implemented in hardware or software. Hardware implementations
will tend to be preferred as they do not place so great a load upon post ADC processing

resources.
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According to a third aspect of the present invention, there is provided a hybrid filter
exhibiting substantially uniform group delay in a pass band thereof, Wherein the filter
comprises a combination of a Chebychev and an inverse Chebychev response.

When designing an analog filter for communications applications, there are generally
difficult trade-offs to be made between requirements for selectivity, group delay and
complexity. Ideally, we want the physical delay for a signal passing through the filter to be
uniform irrespective of its frequency content. Thus, in terms of a phase versixs frequency
graph, the phase delay needs to increase linearly with frequency.

In the context of telecommunications, and in particular UMTS communications, it is
important that differential group delay be avoided as this can give rise to inter-symbol
interference.

However, it is also generally necessary to obtain good selectivity, that is a rapid
transition between the pass band and stop band.

Tt is well known that high Q filters that display good selectivity performance such as
Chebychev and Elliptic filters often suffer in terms of differential group delay performance.
On the other hand, filters that exhibit good differential group delay performance such as
Butterworth and Bessel filters generally have inferior roll-off characteristics. The inventor
has realized that combination of different filter characteristics can be arranged to give a
desired response. The new filter design avoids the draw backs of conventional filter
technologies and provides excellent selectivity, attenuation and differential group delay
characteristics. The inventor has noted that the inverse Chebychev pass band characteristics
are substantially identical to those of the Butterworth, but the filter contains stop-band zeros
which give superior initial roll-off performance. On the other hand, the Chebychev filter has
good initial roll-off characteristics and very high levels of ultimate attenuation.

Turning to the group delay characteristic, it is known to the person skilled in the art
that at frequencies well below the cut-off frequencies, both the Chebychev and inverse
Chebychev filters exhibit substantially uniform group delay. However, in the region of the
cut-off frequency the first derivative of the group delay for the two different filters has
opposite signs. The inventor has realized that by combining the two characteristics it is
possible to achieve substantial cancellation of the group delay characteristics in the region
near the cut-off frequency. This cancellation can be arranged to be sufficient to ensure that

by the time the group delay cancellation begins to fail, thereby resulting in undesirable group
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delay characteristics, the magnitude of the signals have been sufficiently attenuated at these
frequencies such that they become relatively unimportant.

The hybrid filter represents a good choice for a reconfigurable switched band multi-
mode filter whose modes of operation may place differing demands on the filter performance.
Thus, in the context of a multi-mode receiver, one mode of operation may place stringent
requirements on the filter in terms of differential group delay, but not such difficult
requirements in terms of selectivity. The other mode of operation might have more stringent
requirements in terms of selectivity, but less difficult requirements in terms of differential
group delay. The hybrid Chebychev/inverse Chebychev filter proposed here is an effective
solution for both requirements. In addition to band switching the filter, it is also possible to
adjust the relative cut-offs of the two constituent filters further optimizing performance in
different modes of operation.

According to a fourth aspect of the present invention there is provided a dual mode
single chip transceiver comprising a transmitter and a receiver, wherein frequency
synthesizers are shared by the transmitter and the receiver, wherein the transmitter comprises
an up-converter for receiving an input and up-converting it by mixing the input with a first
synthesized frequency, and wherein in a GSM mode an offset phase locked loop is used to
translate phase modulation at the up-converter output onto an RF carrier, and in a UMTS
mode the up-converted signal is linearly amplified; and wherein the receiver comprises at
least one direct down-converting channel for down converting the received signal.

It is thus possible to significantly reduce the implementation cost of a dual mode
GSM/UMTS transceiver architecture by sharing many of the transmit and receive
components within an integrated circuit.

Preferably the UMTS transmitter includes a further frequency up-conversion stage.
Thus a first up-converter may produce an output at an intermediate frequency. The
intermediate frequency may then be linearly amplified before being frequency up-converted
to a final output frequency. This final output frequency may then be passed to a power
amplifier which is not integrated with the integrated circuit. The provision of one or more
power amplifiers “off-chip” reduces the signal leakage between the transmitter path and the
receiver paths. This is particularly important as UMTS operates in full duplex mode and
consequently signal leak through could have a degrading effect on receiver performance.

Preferably the UMTS duplex filter is also provided off-chip.
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According to a fifth aspect of the present invention there is provided an automatic
gain controller for a multi-mode homodyne receiver, the controller comprising an open loop
controller responsive to a first signal for setting an initial gain, and a closed loop controller
responsive to a measurement of signal power or amplitude for maintaining the signal power
or amplitude at an output of the variable gain amplifier within a predetermined range.

It is thus possible to use an open loop controller to provide a rapid initial set up of the

amplifier in order to bring it to roughly into a desired operational state, and then to “fine

_ tune” the gain of the amplifier using a feedback loop. This enhances the set up time of the

amplifier when changing mode.

UMTS radio systems require continuous full duplex operation. As part of this,
automatic gain control (AGC) is required to maintain acceptable performance under varying
signal level and channel conditions. The use of a homodyne architecture places certain
constraints on the way in which the automatic gain controller can operate.

Homodyne receivers are susceptible to generating unwanted DC offsets in the in-
phase/quadrature analog base band paths thereof. In order to maintain acceptable
performance it is necessary to remove these DC offsets as they are indistinguishable from an
on-channel signal. Under weak signal conditions, it is quite normal for the DC offset to be
substantially larger in magnitude than the wanted signal. Thus, if the DC offsets were not
removed, acceptable reception of the wanted signal is likely to prove impossible. A common
approach to removing such offsets in wide band receivers is to use simple high pass filters or
AC coupling (DC blocking) circuit arrangements.

Automatic gain control is achieved in homodyne receivers by adjusting the gain of
analog base band amplifiers. However, adjusting the gain also adjusts the DC offset levels
and thus creates a transient settling time problem with high pass filters which were introduced
in order to block the DC component. As a consequence, a low band-width automatic gain
control loop is desirable in order to minimize transient effects as these would occur as a result
of shifts in the DC offset. However a low band-width automatic gain control is incompatible
with the requirement for initial rapid acquisition of the signal.

The inventor has realized that it is possible to overcome this with a combination of a
“feed-forward” or open loop automatic gain controller and a feedback automatic gain

controller.
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The feed-forward/open loop controller can either set up its initial values based on an
initial measurement of the signal power made by a suitable measuring device, such as a full
wave or half wave rectifier located at a suitable place in the receiver, for example at the
output of channel select filters, or alternatively the open loop controller may make an initial
gain control setting based on the desired mode of operation of the receiver. The open loop
controller only operates once, at each mode change, to set up the initial parameters of the
variable gain amplifiers and other components which may require gain set up. From then on,
control is passed to the closed loop which makes fine adjustments to the various gain levels.

According to a further aspect of the present invention, there is provided a homodyne
receiver comprising a high pass filter having a variable time constant and a variable gain
amplifier, the filter and amplifier being upstream of an analog to digital converter, wherein
when a step change of the gain of the variable gain amplifier is implemented the time
constant of the high pass filter is reduced for a predetermined time period.

According to a further aspect of the present invention, there is provided a homodyne
receiver comprising at least one signal conditioner upstream of an analog to digital converter
and a high pass filter having a variable time constant, wherein when the at least one signal
conditioner is operated to cause a variation to be made to the signal supplied to the analog to
digital converter, the time constant of the filter is set to a reduced value.

The highpass filter may be implemented downstream of the analog to digital converter
and may therefore be implemented in the digital domain.

In a homodyne direct conversion receiver, it is necessary to use a high pass filter to
remove DC offsets from the analog base band signal paths. For a 3.84 MHz UMTS signal,
the cut-off frequency for this high pass filter should be in the order of 10 kHz or so in order to
remove the minimum level of the wanted signal energy. However, such a low cut-off
frequency implies a long settling time for DC transients. The inventor has realized that the
settling time for DC transients can be much improved if the cut-off frequency of the filter is
temporarily increased. This significantly enhances the receiver settling time.

The present invention will further be described, by way of example, with reference to
the accompanying drawings, in which:

Figure 1 is a circuit diagram schematically illustrating a combined GSM and UMTS
transmitter, with shared RF components integrated into a single circuit;

Figure 2 is a schematic diagram of the direct conversion multi-mode receiver;
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Figure 3 is a graph comparing the group delays of low pass Chebychev and inverse
Chebychev filters versus frequency;

Figure 4 is a graph of the magnitude response of low pass Chebychev and inverse
Chebychev filters versus frequency;

Figure 5 shows the combined magnitude response of the filters of Figure 4;

Figure 6 schematically illustrates a combined GSM/UMTS transceiver; and

Figure 7 schematically illustrates an automatic gain control.

Figure 1 schematically illustrates transmitter circuitry according to an embodiment of
the first aspect of the present invention. The transmitter can be selectively operated as either
a dual band GSM transmitter, or alternatively as a 3G UMTS transmitter. The transmitter
comprises a single chip 1 on which is located a single radio frequency synthesizer 3. In
accordance with an input signal fi, received by the synthesizer 3, the synthesizer controls a
local oscillator 5 such that the oscillator 5 produces a substantially fixed frequency signal that
is at either 1'% or 3 times the desired carrier frequency, depending on the actual desired
operating frequency for the GSM or UMTS transmission path. It should be emphasized that
the actual frequency of the signal generated by the general oscillator 5 does not substantially
differ depending upon the band of transmission, only its ratio to the desired carrier frequency.
The frequency of the signal generated by the local oscillator 5 may, for example, be
approximately 2.7GHz and more specifically in the range of 2.565 to 2.970 GHz. This
corresponds to a modest adjustment of £10% (in fact around 7% in this example) of the
frequency generated by the local oscillator.

The signal from the local oscillator 5 is then fed to a frequency divider 7 that divides
the frequency of the signal by 2. The frequency divider 7 also allows the signal to be split
into in-phase (I) and quadrature (Q) components. The I and Q components are fed into a
further frequency divider 9 in the form of a regenerative divider that is arranged to divide the
input frequency by 3. The divide by 3 frequency divider 9 comprises a frequency mixer 11
that receives the I and Q components of the input frequency signal and mixes them with
corresponding components of the same signal that have been further frequency divided by 4
by a further frequency divider 13. The arrangement of the mixer 11 and divide by 4 divider
13 produces a divided by 3 frequency signal of the original input signal at the output of the
divide by 4 divider 13. The I and Q components output from the divide by 3 divider 9 are
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therefore at % or Y of the carrier frequency. Taking our example of the input frequency fi, of
2.7GHz, the I and Q components at the output of the divide 3 divider 9 are at 450MHz.

The individual I and Q components are supplied to respective individual mixers 15
and 17 that each also receive the respective I and Q components of the analogue source
signal. The mixers 15 and 17 act to combine the respective source signal components
together with the I and Q components at 450MHz to generate a 450MHz modulated
intermediate frequency signal which it then passed through a bandpass filter 19.

The intermediate frequency at the output of the bandpass filter 19 is then propagated
along two individual signal paths, each path being used to generate respectively the GSM
signal or the 3G UMTS signal.

For GSM, the 450MHz intermediate frequency signal is fed to a first input of a phase
comparator 21. The second input of the phase comparator 21 also receives a 450MHz signal
that is received from a bandpass filter 23. The input to the bandpass filter 23 is derived from
an image reject mixer 25. The image reject mixer 25 receives as first inputs the I and Q
components of the 1.35GHz signal that is obtained from the combination of synthesizer 3,
local oscillator 5 and divide by 2 divider 7. The other input to the image reject mixer 25 is
the carrier frequency signal that is generated by a voltage controlled oscillator 27 that is in
turn controlled by the output from the phase comparator 21. The phase comparator 21,
voltage controlled oscillator 27 and image reject mixer constitute a phase locked loop that is
used to translate the modulated intermediate frequency to the radio frequency carrier signal.
The phase locked loop acts as a tracking bandpass filter and thus removes the need for an RF
bandpass filter such as a SAW or ceramic filter that would otherwise be required to minimize
out of band emissions.

The carrier frequency is substantially either 900MHz or 1.8GHz, depending upon the
GSM band on which it is desired to transmit. The image reject mixer can selectively either
subtract the 900MHz signal from the 1.35GHz I and Q component signals to arrive at the
450MHz signal input to the bandpass filters 23, or to subtract the 1.35GHz from the 1.8GHz
carrier signal, thus also arriving at a 450MHz output. Thus the two signals input to the phase
comparator 21 are always at 450MHz, i.e. the intermediate frequency. It is thus possible to
cover the GSM 850/900 range and the GSM 1800/1900 range.
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The modulated GSM signal is applied to a high power amplifier 29 that receives a
power control signal on an input line 31. The output of the amplifier 29 is fed to an antenna
33 via a switch 35.

For 3G UMTS transmission, the intermediate frequency signal output from the
bandpass filter 19 is fed through a pair of serially connected variable gain amplifiers 37, 39
prior to being mixed with the 1.35GHz signal derived from the local oscillator 5 and divide
by 2 divider 7. The two signals are mixed at a single side band mixer 41 to produce a 1.8
GHz signal that is itself further amplified using a further single variable gain amplifier 43.
Amplifiers 37, 39 and 43 are controlled using a power control circuit 45 that receives a
sampled and digitized input signal representative of the power of the transmitted output
signal obtairied via a tap at the output of amplifier 49. The 1.8GHz signal from the power
amplifier 43 is passed through a UMTS RF SAW filter 47 and a further UMTS power
amplifier 49 before being transmitted via the antenna 33. The signal is also passed through a
duplexer and isolator unit 51 connected between the antenna and the UMTS power amplifier
49 which selectively allows a received signal at the antenna to be directed towards a receiver
circuit.

The great advantage of the circuit described above is that a single RF synthesizer,
running at 2.7GHz in the above example, is all that is required for the generation and
transmission of both a dual mode (850/900 and 1800/1900) GSM signal and a 3G UMTS
signal. The use of the dividers and mixers ensures that the desired carrier and output
frequencies are always at fixed multiples of the synthesizer frequency. Thus is possible to
provide a combined dual mode GSM and 3G UMTS transmitter in a single circuit that has a
relatively large number of common circuit components for both transmission paths.

Figure 2 schematically illustrates a direct conversion (also known as homodyne) multi
mode receiver. The receiver comprises two channels, generally indicated 100 and 102 for
convenience. Schematically, the channels are identical so only the first channel will be
described in detail for convenience. However, in terms of operating performance, the
channels may operate at different frequencies, for example around 800 to 1000 MHz for
GSM 850 and GSM 900 and around 1.7 to 2.2 GHz for GSM 1800, GSM 1900 and UMTS.
In these circumstances the individual components of the channels may be tailored in order to
operate at their respective bands. Each channel comprises a band pass filter 110 and 110a

which serves to reject signals outside the pass band of the receiver. Thus, the filter 110 for
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the first channel 100 may be centered 900 MHz, whereas the filter 110a for the second
channel 102 may be centered around 1.8 GHz or so. These filters are necessary to stop
powerful out of band transmissions from driving the receiver into saturation. The output of
the band pass filter 110 is provided to an input of an amplifier 112 whose output is provided
to the first inputs of mixers 114 and 116, respectfully. Second inputs of the mixers 114 and
116 receive in-phase and quadrature versions of a locally generated carrier signal. The in-
phase and quadrature versions of the signal are generated by a phase shifter 118 which itself
receives the locally generated signal from the combination of a multi mode fractional
synthesizer 120, a voltage controlled oscillator 122 and a multi mode fractional frequency
multiplier 124. The components 120, 122 and 124 are shared by each of the channels 100
and 102. The mixers 114 and 116 mix the locally generated reference signal together with
the received radio signal in order to form the difference frequency therebetween. Since both
the radio frequency and the locally generated frequency are nominally at the same frequency,
the information in the radio frequency is directly down converted to base band. The base
band signal is provided at the output of each of the mixers 114 and 116. The outputs of the
in-phase mixers 114 and 114a are provided to a first input of an in-phase summer 130 which
is shﬁred between both channels. Similarly, the outputs of the quadrature mixers 116 and
116a are provided to the first input of a quadrature summer 132 which is also shared between
both channels. Each of the summers 130 and 132 is also connected to receive an offset signal
generated by a respective digital to analog converter 134 and 136. The ability to provide an
offset is important since local oscillator coupling to the RF inputs could generate a DC offset,
the size of which depends on both the magnitude and phase of the spuriously coupled signal
with respect to the locally generated reference. The output of the summer 130 is provided to
the input of an electronically controlled low pass filter 140 which in turn is followed by an
electronically controlled variable gain amplifier 142. Similarly the output of the summer 132
is provided to an electronically controlled low pass filter 150 and a variable gain amplifier
152. The outputs of the amplifiers 142 and 152 are provided to respective analog to digital
converters 160 and 162 whose digital outputs, after filtering in respective finite impulse
response filters are provided to a signal processing and control unit 170. For each of the in-
phase the quadrature channels, the control unit estimates the offset that is required for each of

the channels and provides an offset signal to the digital to analog converters 134 and 136.
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The control unit 170 also sets up the filter characteristics of the switched filters 140 and 150
in the way appropriate to the operating mode of the receiver.

It is thus possible to provide a multi mode direct conversion receiver architecture as
shown in Figure 2. The architecture has the advantage that much of the receiver hardware is
reused for different modes of operation. The reuse of common hardware can provide a
significant cost and power saving when compared with duplicating functionality as has
hitherto been the case.

The analog base band sections are designed so that they can be reconfigured to meet
the requirements of the various transmission systems. This means that the architecture must

allow for the:

i. reconfiguring of the gain line up,

ii. reconfiguring of the channel filters

iii. reconfiguring of the analog to digital converters speed and resolution, and
iv. reconfiguring of the DC offset compensation

As noted hereinbefore separate radio frequency low noise amplifiers and in-
phase/quadrature down converters are utilized as these need to be optimized for the frequency
and mode of operation. Although in principle it is practical to have a reconfigurable RF front
end for different modes of operation, it is believed to be more cost effective at the present
time to have dedicated RF front ends.

As noted hereinbefore, it is highly desirable that the analog processing circuitry
within a mobile telephone has filters included therein which can give both rapid attenuation
between the pass band and the stop band, and which also exhibit good group delay, and
specifically do not exhibit differential group delay so as to avoid inter-symbol interference.
Figure 3 compares the group delays of an inverse Chebychev filter, represented by line 200,
and the group delay of a Chebychev filter, represented by line 202, plotted as a function of
frequency. Frequency units have been included on the ordinate of figures 3, 4 and 5 such that
the various graphs can be easily compared. It will be seen that, in the example given in
Figure 3, the inverse Chebychev group delay starts to increase for frequencies in excess of 2 x
10° radians per second. However, the Chebychev group delay starts to decrease for angular
frequencies in excess of 2 x 10° radians per second and this decrease continues until the
frequency 10° radians per second, then the Chebychev group delay increases sharply. It will

be appreciated that in the limited region 204 where the group delays are of an opposite sign,
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partial cancellation of the group delay characteristics can be achieved thereby effectively
extending the region 206 extending from low frequencies up to approximately 2 x 10° radians
per second where the group delays are essentially invariant with respect to frequency to an
increased upper frequency of 10° radians per second.

Figure 4 schematically illustrates the magnitude response for the inverse Chebychev
and Chebychev filters whose group delays were shown in Figure 3. It can be seen that the
inverse Chebychev filter in this example has a substantially flat magnitude response up to
approximately 10° radians per second, and then the magnitude response falls steeply towards
a notch occurring at 5 x 10° radians per second. At this point, the magnitude of the response
is suppressed by over 60 dB. The Chebychev filter also has a substantially uniform
magnitude response in the pass band, but has a roll over frequency of approximately 2 x 10°
radians per second from where the magnitude falls off rapidly.

Figure 5 shows the combined magnitude response of a Chebychev/inverse Chebychev
filter using the individual filters shown in Figures 3 and 4. It is seen that the combined
response 210 is substantially flat up to 10° radians per second and then falls steeply, being
approximately 10 dB down by 2 x 10° radians per second and over 60 dB down by 5 x 10°
radians per second. Furthermore, the group delay can be maintained as substantially constant
up to 1 x 10° radians per second. )

It is appreciated by the person skilled in the art that analog filter design is an
immensely complex mathematical exercise. It is, however, also well known that many filter
designs have already been analyzed and described in a normalized form such that an engineer
can effectively use a “recipe” of a standard form to design a specific filter characteristic.
Furthermore, computer aided design packages now also allow for filter characteristics to be
accurately depicted. For these reasons, the specifics of the design do not need to be described
in detail as sufficient support exists in the prior art to enable the person skilled in the art to
implement the filter. However, for the specific filters whose responses are shown in Figures
3 to 5, the Pole positions for Inverse Chebychev response were calculated by first calculating

the pole positions for Chebychev response and using pole reciprocation.
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The Chebychev Transfer Function used was

PCT/US03/05473

The Transfer Function of Hybrid Filter is the combination of the two individual

transfer functions:

X = (Hci'Hici>

Being a hybrid filter, each of the two elements of the filter can be individually

adjusted to better tailor the response of the filter to meet the needs of the particular

application

For example, with the Chebychev response, it is possible to adjust the following:

1. The cut-off frequency
2. The filter order (number of poles)
3. The in-band ripple

For the Inverse Chebychev filter, it is possible to adjust the following:

The minimum stop-band attenuation

The maximum tolerable pass-band roll off

Lol S

The filter order

The relative frequency at which the minimum stop-band attenuation is reached

The filter order can be adjusted by implementing the filter as a cascade of filter stages

(i.e. the stages are connected one to another) whereby one or more stages can be switched out
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of the cascade such that they are bypassed. Thus bypassing a stage reduces the order of the
filter.

Figure 6 schematically illustrates a dual mode GSM/UMTS transceiver constituting
an embodiment of the present invention. The transceiver generally comprises a transmission
channel 300 and a reception channel 302. Although represented in simplified form in Figure
6, the transmission channel 300 actually contains the dual mode transmitter shown in Figure
1 of the present drawings. In order to simplify the understanding of Figure 6, those parts of
Figure 6 which are similar to parts shown in Figure 1 will be given like reference numerals
thus, it can be seen that the transmitter receives a frequency synthesized signal from a
synthesizer 3, that this synthesized signal is passed through a divide by three frequency
divider 9 before being provided to the in-phase and quadrature mixers 15 and 17 of the up-
converter. The output of the up-converter is, in a GSM mode supplied to a phase locked loop
frequency shifter comprising a phase detector 21, a voltage controlled oscillator 27, a mixer
25 and a band pass filter 23. Thus the operation of these components is as described
hereinbefore with reference to Figure 1. It may be noticed that there are further divide by two
frequency dividers 306, 308 and 310 shown in the transmitter schematic, but it will be
appreciated that these have little overall effect on the final operation of the transmitter, and in
particular that frequency dividers 308 and 310 effectively nullify each other, although they do
allow for the mark space ratio of the wave forms to be converted to an ideal 50-50. Similarly,
the UMTS path comprises an array of linear amplifiers and a frequency up-converter. The
components labeled 37, 39, 41 and 43 as shown in Figure 1 are schematically represented by
the box 320 in Figure 6.

It will be appreciated that the receiver section 302 is a simplified representation of
Figure 2. Here the multi-mode fractional frequency multiplier 124 of Figure 2 is also
embodied within the dual fraction synthesizer 3 shown in Figure 6. It can also clearly be seen
that two channels are provided, each having an in-phase and quadrature mixer for frequency
down-converting the received signal to the base band. The components 130, 132, 134, 136,
140, 142, 150, 152, 160 and 162 of Figure 2 are schematically represented by the box 330 in
Figure 6. It is clear that both the transmitter channels share components, both the receiver
channels share components, and indeed that the receiver and transmitters share the frequency
synthesizer components. This sharing of components allows for cost reductions in the final

price of the integrated circuit, and also reduces the overall power consumption of the
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transceiver compared to implementations where each of these components are provided for
their individual functions, and hence effectively duplicated.

GSM works on a time division duplex system and hence the transmitter and receiver
are not operating concurrently. However UMTS operates on full duplex and consequently
the transmitter and receiver do operate concurrently. In the UMTS mode it is important to
limit the desensitization of the receiver due to interactions with the UMTS transmitter. This
is achieved firstly by not integrating the low noise power amplifier with the chip itself, and
secondly by limiting the transmitter power at the transmitter output pins. Furthermore, it is
important to ensure that the noise level in receive band at the transmit output is adequate. For
example, with an external low noise amplifier having 13 dB of gain, the transmit power being
limited to +3 dBm at the transmitter output pin and a transmit noise floor in the receive band
of -140 dBc/Hz if isolation of 30 dB is obtained between the transmitter and receiver then the
impact of the transmitter on receiver sensitivity will be approximately 0.1 dB.

The architecture shown in Figure 6 is operable in several modes, the frequency plan
for the transceiver may be as follows:

GSM 850/900 receive mode - the synthesizer frequency is three times the RF frequency.

GSM 1800/1900 receive mode - the synthesizer frequency is 1.5 times the carrier
frequency.

UMTS receive mode - the synthesizer frequency is 1.5 times the RF carrier frequency.

GSM 850/900 transmit mode - the synthesizer frequency is 3 times the RF carrier
frequency and the intermediate frequency is a %2 of the RF carrier frequency.

GSM 1800/1900 transmit mode - the synthesizer frequency is 1.5 times the RF carrier
frequency and the intermediate frequency is % of the RF carrier frequency.

UMTS transmit mode - the synthesizer frequency is 1.5 times the RF carrier frequency
and the intermediate frequency is ¥4 of the RF carrier frequency.

Figure 7 schematically illustrates a hybrid feed forward and feed back automatic gain
control system constituting an embodiment of the present invention. The circuit diagram
shows a variable gain amplifier whose output is supplied to the hybrid Chebychev/inverse
Chebychev filter, generally indicated 402, which has hereinbefore been described. An output
of the hybrid filter 402 is provided to the input of a further variable gain amplifier which is
schematically represented as three independently electronically controllable variable gain

amplifiers 404, 406 and 408 which together serve to provide a variable gain between zero and
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54 dB in one dB steps. An output of the final amplifier 408 is provided as an output 410
from the automatic gain controller.

The feed forward controller, generally indicated 420, comprises a received signal
strength indicator (RSSI) log strip which has an input connected to the output of the hybrid
filter 402. The RSSI log strip is used to estimate the signal strength at the output of the
hybrid filter. The RSSI log strip 422 produces as an output thereof 424 a voltage which is
substantially linearly proportional to the composite power of the signal at the output of the
filter expressed in dBm. This output signal is filtered by a low pass filter 426 before being
supplied to the analog input 428 of a six bit analog to digital converter 430. The signal at the
input 428 of the analog to digital converter 430 is digitized in response to a “start convert”
signal and the output of the conversion is supplied to a filter gain logic controller 432. The
filter gain logic controller has two outputs, one of which is supplied to a register 434 for
controlling the gain of the variable gain amplifier 400, whilst the other output is supplied as a
6 bit word to a 6 bit updown counter 440. Thus, the counter can be loaded with the output of
the filter gain logic controller 432.

The signal in a UMTS receiver is a composite of the wanted signal, noise and any
residual interfering signals. This composite signal appearing at the output of the hybrid filter
402 is digitized to produce a digital word that has the characteristic of “A” dB per bit, where
A represents an arbitrary number. This control word is used to set the gain of the variable
gain amplifiers. The variable gain amplifiers are designed to have a gain reduction
characteristic of “A” dB per bit. As such, if the signal level into the receiver increases by 5 A
dB, then the digitized control word will also increase by 5. This in turn will result in the
reduction of the gain of the variable gain amplifiers 404, 406 and 408 by a composite gain
amounting to SA dB. Thus the signal level at the output of the variable gain controller 410 is
kept substantially constant. Because the approach described so far uses feed forward
techniques, there are no band-width implications that might affect a feed back system. Thus,
it is possible to rapidly set up gain for the automatic gain controller for example when
switching modes of operation or channels. Having rapidly acquired the composite signal
level and setting up an initial gain, further gain control is performed by a feedback scheme.

The feedback controller, generally indicated 450, comprises a rectifier 452 connected
to the output of amplifier 408 in order to deduce a rectified signal representing the signal

power at the output of the amplifier 408. The signal from the rectifier 452 is low pass filtered
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by a filter 454 before being supplied to the inputs of a window comparator 456 which, as
recognized by the person skilled in the art, compares the signal at the input therein with high
and low thresholds defining a window and produces an output 458 which is indicative of
whether the signal is below the window threshold or above the window threshold. The signal
458 is provided to a count direction control input (up/down input) of the counter 440. As
shown in Figure 7, the window comparator 456 is also configured to provide an output which
indicates when the input thereto is within the bounds defining the window, and this output is
sent to an AND gate 460 which serves to gate the provision of a clock signal to the counter
440. Thus, when the output 410 is within the power band defined by the window comparator
456, the counter 440 is inhibited from receiving its clock signal. The clock signal 462 is also
ANDed with an “enable feedback™ signal at an AND gate 464 which gives overall control of
whether the feedback loop should operate or not. The output of the AND gate 464 is
provided to an input of the AND gate 460, the output which is connected to the clock pin of
the counter 440. The output of the counter 440 is provided to a gain decoder 470 which in
turn sets the gains of the amplifiers 404, 406, and 408.

In use, the signal level detector and window comparator is used to ensure that the
composite signal level and the amplifier outputs is kept within a narrow range, for example
+/-0.5 dB. If the composite signal level is above the threshold of the window comparator, the
up/down counter is enabled and the gain is adjusted on every clock cycle. As such, the clock
sets the time constant of the feedback loop. If the composite signal level is below the
window comparator threshold, then the up/down counter is also enabled, but this time counts
in the opposite direction. As a consequence, the feedback loop will act to always ensure that
the composite signal level is tightly controlled and adjusted at a rate determined by the
frequency of the clock 462.

Referring to Figure 2, it should be noted that every time a gain control adjustment is
made or a offset correction is made, this step change can result in a transient DC offset
appearing at the output of the filter. The DC offsets could be removed by a high pass filter,
but for a truly generic receiver it is better that the DC offset correction should be performed
in the digital domain. Thus at each gain change a new DC offset is estimated and the
estimate is supplied to the converters 134 and 136 such that a correction is added at the
summers 130 and 132. This said, the transient occurring as a result of gain change still has an

unwanted effect of the low pass filters 140 and 150. This transient decays in time, but during
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the settling time of the filter the homodyne receiver is effectively blinded. This is because the
conversion range of the analog to digital converter will necessarily be limited, and the offset
may cause the converter to have to convert outside its nominal operating range.

Given that the receiver is effectively non-functional during this transient period, the
inventor has realized that it is permissible to change the filter characteristics during the short
period in order to allow for a more rapid settling time. Thus, when a change in gain or offset
is implemented, the high pass filter is simultaneously, or near simultaneously set to a wide
bandwidth such that the DC transient will quickly settle. The settling time can be estimated
from known characteristics of the filter. After the settling time, the filter is automatically
switched back to the nominal required setting for its proper operation. The filter can be under
the control of a timer, for example implemented as a monostable, which alters the filter
characteristics for a brief but well defined period. This technique ensures the fastest possible
receiver settling time whilst at the same time minimizing the amount of wanted modulation
energy that might be removed by the high pass filter. A typical ratio between the two
bandwidth settings might be in the order of 10 to 1, although this is only a non-limiting
example and other ratios may be chosen by the design. The implementation of this technique
is not dependent on the filter technology. Thus the filter might be implemented as a switched
capacitor filter, a switched bandwidth active R-C filter, gyrator- capacitor filter and so on.
The specific implementation of the filter is within the knowledge of the person skilled in the
art.

Tt is thus possible to provide a multi mode receiver and transceiver which are

particularly suited for use in mobile telephony.
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CLAIMS
1. A direct conversion multimode receiver, comprising at least one electronically
reconfigurable filter.
2. A receiver as claimed in claim 1, in which the electronically reconfigurable filter is a
low pass filter.
3. A receiver as claimed in claim 1, in which the at least one filter is responsive to a
filter controller.
4. A receiver as claimed in claim 1, in which the cut-off frequency of the at least one
filter is adjustable.
5. A receiver as claimed in claim 1, in which the order of the filter is adjustable.
6. A receiver as claimed in claim 5, in which the filter comprises a plurality of filter

stages and the stages can be selected or bypassed so as to change the order of the filter.

7. A receiver as claimed in claim 1, in which an amount of pass-band ripple of the filter

is adjustable.

8. A receiver as claimed in claim 1, in which the at least one filter comprises a plurality

of filters of differing types individually controllable so as to form a composite filter.

9. A receiver as claimed in claim 8, in which one of the filters is an inverse - Chebychev

filter.

10. A receiver as claimed in claim 9, in which the inverse Chebycheyv filter is controllable
so as to adjust at least one characteristic thereof selected from a list comprising minimum
stop band attenuation, maximum tolerable pass band roll off, frequency at which minimum

stop band attenuation is reached, and the order of the filter.
11. A receiver as claimed in claim 8, in which one of the filters is a Chebychev filter.

12. A receiver as claimed in claim 11, wherein the Chebycheyv filter is controllable to
adjust at least one characteristic from a list comprising cut-off frequency, an order of the filter

and pass-band ripple.

13. A receiver as claimed in claim 1, wherein the receiver is operable to receive GSM and

UMTS transmissions, and wherein the filter operation is adjusted for the GSM and UMTS
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received signals in order to present the received signals for further processing within the

receiver.

14. A receiver as claimed in claim 1, wherein the receiver further includes at least one DC
offset generator which is responsive to a controller so as to add a DC offset to a down

converted signal within the receiver so as to reduce DC offsets occurring within the receiver.

15. A receiver as claimed in claim 14, in which the DC offset generated by the DC offset
generator is added to the down converted signal upstream of the at least one electronically

reconfigurable filter.

16. A receiver as claimed in claim 14, in which the DC offset generated by the DC offset
generator is added to the down converted signal downstream of the at least one electronically

reconfigurable filter.

17. A receiver as claimed in claim 1, in which the receiver has an “in-phase” channel and

a “quadrature” channel.

18. A receiver as claimed in claim 1, further comprising a variable gain amplifier
responsive to a controller so as to maintain signal amplitude at an output of the variable gain

amplifier within a predetermined range.

19. A direct conversion multi mode receiver, comprising at least one electronically
reconfigurable filter arranged to filter a base band signal from the receiver and a DC offset
generator, each under the control of a control circuit such that offset and filter response are

automatically controlled as functions of reception mode and signal conditions.

20. A receiver as claimed in claim 19, in which the receiver is operable to receive GSM

and UMTS transmissions.

21. A receiver as claimed in claim 19, in which the signal from the receiver is converted
to a digital form by an analog to digital converter, and the control circuit is responsive to the
digital form and uses this to derive the DC offset to be applied by the offset generator to the

down converted signal.

22. A receiver as claimed in claim 19, further comprising first and second radio frequency
front ends for receiving transmissions in at least first and second frequency bands or

transmission modes.
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23. A receiver as claimed in claim 22, in which the receiver is arranged to receive signals

transmitted in accordance with GSM and UMTS standards.

24. A receiver as claimed in claim 22, in which the first radio frequency front end is

arranged to receive at least one of GSM 850 MHz and GSM 900 MHz transmissions.

25. A receiver as claimed in claim 22, in which the second radio frequency front end is

arranged to receive at least one of GSM 1800 MHz and GSM 1900 MHz transmissions.

26. A receiver as claimed in claim 22, in which one of the front ends is arranged to
receive at least one of UMTS 2100 MHz and UMTS 1900 MHz.

27. A receiver as claimed in claim 22, in which each front end comprises a homodyne
receiver having first and second mixers for outputting in phase and quadrature components of

a received signal.

28. A receiver as claimed in claim 19 where the filter comprises in combination a

Chebychev filter and an inverse - Chebychev filter.

29. A receiver as claimed in claim 28 in which the characteristics of each of the

Chebychev and the inverse Chebychev filters are individually controllable.

30. A hybrid filter comprising in combination a Chebychev filter response and an inverse-

Chebychev filter response.

31. A hybrid filter as claimed in claim 30, wherein the Chebychev and inverse Chebychev
responses are selected so as to provide substantially constant group delay within a pass band

of the filter.
32. A hybrid filter as claimed in claim 30, in which the filter is a low pass filter.

33. A hybrid filter as claimed in claim 30, in which the individual cut-off frequencies of
the filters are independently adjustable so as to allow the group delay and selectivity of the

filter to be varied according to the nature of the signal being filtered.

34. A radio receiver including a hybrid filter as claimed in claim 30.



WO 03/073631

117

PCT/US03/05473

= o
i ng
‘_\"\ A <
v
03" i A
© ; S 23~/
NEW ] ™~
-
Tp]
° e $|_
Y j /‘-\: \/0\0 ) D)
) H y vy O Al cr; |..I__
(9]
‘1.. & \
S gl 8X/ _
NS “L@): — M
I
z% Y IxBxao
\ (3555 | _{>|_
A ’ N~
1A NG

> . . \8?3 I |

UMTS
Tx path



PCT/US03/05473

WO 03/073631

217

Z 'bi

0C1~ écl vZly
lazisayjuAg Jandiyinw Aouanbauy
N-leuonoel] spownni [ < [eUOnOB1} SpOW-INIA
021~ egLl
veElL
ajewys3
am_%_ siEN_ o] 1 \_ A €Ll
aod - ~=
bl 091~ ¢V wv _w 0 o
ojewnsy “y e ¢ 9pow/pueg
150 V{2 —oav X3 47
Wm g| |uonewoeq yi4 sy “OEL eyLl ~zol
20 54 n O-d /AY
Q88| |, ~ 80y U PaLIIMS oLl L~
SEE] = Ly
%Mtnm_ s I oav ww K | spowpueg
uopewided Hid \ zg), 2G| \om Y cel omo o -
ajewnsy
oSO san 12D | ZLL mo N
0a g4 . o
vvv\ euuajue

1dds




WO 03/073631

PCT/US03/05473

3/7

Group delay

Inverse
Chebychev
Group Delay

200 ~

2x10°7 [

1.5x10°" /
202 -

Chebychev

Group Delay

1%x107"

N $202

200
v

1x10°

1x10* 1x10° 1x10° 1x10’
F.

L
I

B
T\\206 | 204

Region of
opposite slope

Fig. 3



WO 03/073631 PCT/US03/05473

417

Inverse-
_ Chebychev
Magnitude response / Response
/".‘

\ Chebychev
Response

-20
'\ Xk(ﬁ/////

-90
1x10° 1x10* 1x10° 1x10° 1x10’

Frequency w

Fig. 4



WO 03/073631 PCT/US03/05473

57

Magnitude response

4B \”““‘\210'

-80

-90 * 1]
1x10° 1x10* 1x10° 1x10° 1x10’

Fig. 5



PCT/US03/05473

WO 03/073631

6/7

Jaxaidig
'8 UYJIMS

pesyiono 00§
WSO sajedlpul A 0Lg 1z< NSO
AWV ZI A
L [BUUBYD-DI XL Sl S5 m,u _Hv
- oy | B 1 €07 zlL )z
€ T s 80€
WSO bojeuy Yl
X VINOOM |« <
908 GL| €2 GZ
YIuAS 6 c/\|
N-oeld jeng .\J. ......... ~,
X1 WSO 3| ! \ L x1 vinaom W
XL VINQOM |* . i | c
......... - 0c¢
A Y pusjuoy | seyy ||
TS b vINGOgM  |xeidng
M &
< _ oom —/
0 —
euispoxy L |'SS¥ |._[pueqeseg ®| NITXY YWNQOSM
og-uooydA] | Bojeuy
< 8po|\ |eng _WWV VN
puueyy DXy 0EE”’ &_
YINQOM B NSO Q NI XY 0081 + 008} + 006 NSO
Bojeuy
/

c0e”




PCT/US03/05473

WO 03/073631

/. "Bl

297 05
Y00 ZHMo0L 1 g4 9|qeu]
<lanv
9V~ vov Ue9IOY PeoT 02y
MUmO| L O.V.V
pioyysauy | lll/r —fwonxl——anv i sio a’ S scty HenuoDuElS
il T N A 0
09y~ op/An - gy [~ olboq 8P
apg 0+ 99 ures sy e
N~ Pployysaiyl 9p0oaQ .
= _ HON amn
N H um\ gy
g duys-b6o | / vey
4 ISSH | 1n07|SSY N ‘
1y 29z
N\ ZHM0¢C oﬁw;ﬂ apooa( ules) .Nva ZHM091
N0 Jaynod _
2 > uienJa) peo]— Boy
Jaunoay S
25v-| __ by
jouueyy Q- — _ S Ny
saug~ —-0l¥ 1O D29V 20¥ IO 9y T X
90— sdeis @pl. ‘BPYS 0\ por A

Nov\



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US03/05473

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) HO4B 1/18
US CL 455/168.1,553

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. : 455/168.1,553

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EUROPEAN DATABASE

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

NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X -7 US 6,215,988 B1 (MATERO) 10 April 2001, col.5 lines 19-58 and fig.3. 1-8,,118-19,21-22,24-

. 25,27,

Y |
9-15,20,23,26,28-34

Y d US 6,185,434 B1, (HAGSTROM et al) 06 Febraury 2001, column 5, line 14-column 6 line 1-34

- 10 and fig.5. -

Y AUS 5,896,562 A (HEINONEN) 20 April 1999, column 5 line 13 to column 6 line 29 and 1-34

fig.3).

I:] Further documents are listed in the continuation of Box C.

[]

See patent family annex.

. Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to be
of particular relevance

“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 10
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

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“yr document of particular relevance; the claimed invention cannot be
counsidered o involve an inventive step when the docurment 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

31 May 2003 (31.05.2003)

Date of mailing of Lh&international sc=zarch report

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

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

Facsimile No. (703)305-3230

Authorized officer
TILAHUN GESES *

Telephone No. 703-3@6-

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




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

