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DESCRIPTION

IMPROVEMENTS IN OR RELATING TO RADIO RECEIVERS

The present invention relates to improvements in or relating to radio

receivers, particularly but not exclusively to multimode radio receivers

Radio receivers for cellular and connectivity applications need to be
able to operate across multiple frequency bands. The different variants of 2G,
22 and 3G, plus 802.11 WLAN function in 7+ frequency bands. Future RF
circuits will need to be able to operate not only across such bands, but also
according to different modes. Already within the United States of America PCS
band co-exist many systems, corresponding to specific signal modulations,
channel spacing, signal bandwidths and so forth. This is also the case for
5.8GHz and where 802.11 WLAN and UWB (Ultra-wideband) co-exist).

US 2004/0229574 A1 discloses an integrated transceiver whose
receiver architecture comprises an input amplifier having an input coupled to
an antenna by way of a duplexer. An output of the input amplifier is coupled to
quadrature related signal paths, each of the quadrature related paths
comprises a mixer which receives a local oscillator signal, a low pass filter, an
analogue-to-digital converter (ADC) and a digital signal processor (DSP) for
producing digital signal components of the received signal. The local oscillator
signal and the sampling signal for the ADC are derived from a stable frequency
source comprising a crystal controlled oscillator coupled to a frequency
synthesiser formed by a voltage controlled oscillator (VCO) and a phase
locked loop. A first divider derives quadrature related versions of a local
oscillator signal and a second divider derives the clock frequency fs of the ADC
sampling signal. The described arrangement can produce different clock
frequencies without interference from harmonic frequencies produced by the
various clock frequencies.

In operation it is often useful to implement a few simple gain steps

within the IF circuits in order to best align the receiver signals to the ADC
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dynamic range. It is particularly useful under high wanted signal conditions, to
prevent overload. This is performed by an algorithm in the baseband DSP that
continuously monitors the receiver signal level. A simple way is to switch the
values of resistance that converts the mixer output into the current driving the
ADC. A drawback in this approach is that the impedance level contributes to
the ADC noise floor and to the pre-filter cut-off frequency. Hence this creates
difficult compromises between the range of gain steps and the other electrical

behaviours.

An object of the present invention is to avoid the above-mentioned
drawback of switching between resistances when switching between gain
steps within IF circuits.

According to a first aspect of the present invention there is provided a
radio receiver including analogue-to-digital conversion means, a frequency
dividing means for providing a sampling clock frequency for the analogue-to-
digital conversion means, means for determining the strength of an output
signal from the analogue-to-digital conversion means and means to alter a
frequency dividing ratio of the frequency dividing means in response the
determined strength of the said output signal in order to vary the gain of the
analogue-to-digital conversion means.

An embodiment of a radio receiver made in accordance with the present
invention comprises an input for a modulated radio frequency signal,
frequency down conversion means coupled to the input, the frequency down
conversion means including mixing means for demodulating a received
modulated radio frequency signal using a local oscillator signal, analogue-to-
digital conversion means coupled to receive a demodulated signal from the
mixing means, the analogue-to-digital conversion means having an input for a
sampling clock frequency, a voltage controlled oscillator, means coupled to the
voltage controlled oscillator for providing the local oscillator signal, and
frequency dividing means coupled to the voltage controlled oscillator for
providing the sampling clock frequency, characterised by digital-to-frequency

conversion means for providing a sampling clock frequency control signal
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according to the strength of a digital output signal from the analogue-to-digital
conversion means, and in that the frequency dividing means is responsive to
the sampling frequency control signal to vary a frequency dividing ratio of the
dividing means.

According to a second aspect of the present invention there is provided
a method of operating a radio receiver, the method comprising demodulating a
received radio signal, filtering the demodulated signals and digitising the
filtered signals in analogue-to-digital conversion means, characterised by
altering the gain of the analogue-to-digital conversion means by varying the
sampling clock frequency of the analogue-to-digital conversion means in
accordance with the strength of a signal derived from the analogue-to-digital
conversion means.

The present invention is based on the realisation that the gain of a
digital-to-analogue converter (DAC) in the feedback loop of an ADC, especially
a sigma delta ADC (ZA ADC), is linearly dependent on the sampling clock
frequency applied to the quantiser and the DAC. Hence automatic gain control
(AGC) can be implemented without the drawback of changing the filter transfer
characteristic or the ADC noise floor. Additionally this technique can be used
to fine tune and/or calibrate the overall receiver gain.

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

Figure 1 is a block schematic diagram of a radio receiver made in
accordance with the present invention,

Figure 2 is a block schematic diagram of a Sigma-Delta ADC (2A ADC)
built with a switched capacitor DAC, and

Figure 3 is a schematic diagram of a 5™ order continuous time A ADC
with a switched capacitor DAC.

In the drawings the same reference numerals have been used to

indicate corresponding features.
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Referring to Figure 1, a single antenna 12 is coupled to an input 14 of a
radio receiver 10 supporting a limited frequency band but capable of operating
across different modulation signal types. The radio receiver may be
implemented as an integrated receiver or comprise a receiver section of an
integrated transceiver. The receiver 10 comprises several functional blocks: a
radio frequency (RF) front end 16, a receiver intermediate frequency (IF)
conversion stage 18, a digital filter and decimation stage 20, and a RF
frequency synthesiser formed by a RF frequency generator stage 22, a
frequency divider and phase detection stage 24 and a crystal reference
oscillator stage 26.

The RF front end stage 16 comprises an antenna pre-filter 28 having an
input coupled to the input 14 and an output coupled to an input of a low noise
amplifier (LNA) 30. An output of the LNA 30 is split into quadrature related |
and Q paths having first and second mixers 32, 34, respectively, driven by
quadrature local oscillator (LO) signals on first and second LO signal paths 33,
35. The RF front end stage 16 may be operated as a zero IF stage in which
case the LO frequency corresponds to the carrier frequency which is converted
to DC or as a low IF stage in which case the LO frequency is offset from the
carrier frequency so that the wanted signal is frequency offset from DC. In the
illustrated architecture digital signal processing is performed after ADC
conversion in the digital filter and decimation stage 20. The supported
frequency bands are mostly determined by the characteristics of the pre-filter
28, which characteristics are optimised to support the allocated spectrum per
system.

In the illustrated embodiment the RF frequency generation stage 22
comprises a VCO 38 built from an amplifier and LC resonator tuning a voltage
dependent capacitor which produces the RF frequency with an appropriate
spectral purity. However in other applications such as UWB and DVB-S (Digital
Video Broadcasting-Satellite) a ring oscillator may be used in place of the
amplifier and LC resonator. The output of the VCO 38 is supplied by way of a
buffer stage 40 and is used to clock a divide-by-2 circuit 42 providing

quadrature LO signals at half the VCO frequency respectively to the first and
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second local oscillator paths 33, 35. First and second buffer amplifiers 43, 44
are provided in the first and second local oscillator paths 33, 35, respectively,
to adjust the frequency divider outputs to give appropriate signal drive levels at
the first and second mixers 32, 34. The VCO frequency is set within a RF
frequency synthesiser loop which in the illustrated embodiment comprises a
fractional-N PLL loop. However in other embodiments the frequency
synthesiser could be an integer-N PLL or be built on a dual loop concept with
an offset PLL that enables a fast locking time (UWB case) or an on-demand
frequency planning generator.

The receiver IF conversion stage 18 comprises first and second filters
46, 48 for selecting the wanted products of mixing from the first and second
mixers, respectively. In the case of the receiver being a zero-IF receiver the
first and second filters 46, 48 will be implemented as low pass filters and in the
case of the receiver being a low IF receiver, the first and second filters 46, 48
will be implemented either as high pass filters or band pass filters. First and
second variable gain amplifiers 50, 52 are provided for pre-processing the
signals from the first and second filters 46, 48, respectively. These signals are
applied respectively, to first and second ADCs 54, 56. In operation the
respective signals from the first and second mixers are characterised by a very
wide dynamic range, due to the combination of many frequencies, not only the
wanted signals and adjacent channels within the same system, but also all
manner of interferers and potential blockers captured by the antenna 12 and
pre-filtered. These wanted and unwanted signals have a wide variety of power
levels and frequency offsets. At this point some simple filtering in the first and
second filters 46, 48 and gain adjustment in the first and second amplifiers 50,
52 allows the dynamic range to be reduced to a more moderate level, if
necessary. Nominally identical circuits process the | and Q signal path signals.

The first and second ADCs 54, 56 may be implemented as continuous
time A ADCs which have inherent anti-aliasing properties, which properties
enable the filtering in the first and second filters 46,48 to be less rigorous. The
sampling clock frequency f; for the first and second ADCs 54, 56 is applied to

inputs 55, 57 by the fractional-N frequency synthesiser, more particularly by a
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fractional divider 60 which receives the VCO frequency by way of the buffer
40. The fractional divider's output is also supplied to one input of a phase
detector 62. An output of a crystal controlled oscillator 64 is supplied to a
second input of the phase detector 60, an output of which is applied to a loop
filter 68 which integrates the differences in phase and applies a correction
signal to an input 70 of the VCO. The operation of a fractional-N frequency
synthesiser is generally known in the art and accordingly it will not be
described in detail. However it should be noted that all the frequencies
required by the receiver 10 are produced from a single VCO 22 rather than
from separate dedicated oscillators.

Reverting to the first and second ADCs, the analogue IF signal is
converted to digital bits within the ADCs 54, 56. The most efficient
implementation that readily supports multiple signal types is the continuous
time sigma-delta analogue-to-digital converter (XA ADC). Such a type of
converter lends itself readily to integration within fine lithography digital CMOS
process which allows co-integration of the radio circuits with the baseband
processor.

Simply providing the higher clock frequency increases the ADC's
dynamic range, and thence reduces the analogue IF circuit complexity and
size. These are advantageously replaced by digital filters which are both
smaller and offer more predictable behaviour. The action of the 2A ADC is to
exchange amplitude for time domain information. The higher the signal
dynamic range required, the higher the timing precision needed of the ADC
clock.

Many receiver circuits currently employ the clock signals directly
produced by the reference crystal oscillator, in the range of 10 to 30 MHz.
Intrinsically, excellent spectral purity and low phase noise is guaranteed by its
high Q resonator.

The digital filter and decimation stage 20 receives the digital bit streams
from the first and second ADCs 54, 56 and by using successive stages of
filtering and decimation enable extraction of a wanted signal from the

surrounding frequencies from an output terminal 72. The wanted signal is in a
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form that can be used by a digital front end (DFE) 74 to execute 1Q
compensation, such as DC compensation, digital AGC and RSSI. In practice
the output of the DFE 74 will be coupled to a digital demodulator (not shown)
which performs channel equalisation and demodulation.

The preferred ADC implementation that enables the highest
performance at lowest cost, used time continuous filtering in the forward path.
However to reduce clock jitter, the DAC in the >A ADC is implemented using
switched capacitance. The DAC gain is therefore linearly dependent on the
clock frequency. In the receiver, this small gain variation as a function of
channel frequency is not critical and can be tolerated since absolute signal
gain is not well-controlled.

However it is often useful to implement a few simple gain steps within
the IF circuits, to best align the receiver signals to the ADC dynamic range. It is
particularly useful under high wanted signal conditions, to prevent overload.
This is performed by an algorithm in the baseband DFE 74 that continuously
monitors the receiver signal level. As mentioned in the preamble a simple way
would be to switch the values of the resistance that converts the mixer output
into the current driving the ADC but this has the drawbacks mentioned. In the
receiver made in accordance with the present invention the ADC clock is
changed in discrete steps, defined by the divider ratio, which allows the
relative DAC gain to be set within the ADC feedback loop. Hence this allows
the additional freedom in implementing AGC without the drawback of changing
the filter transfer function or the ADC noise floor. It can also be used to fine
tune or calibrate the overall receiver gain.

Figure 2 illustrates the time continuous 2A ADC 54 (56) coupled to the
digital filter and decimation stage 20 which in turn is coupled to a channel filter
part of the DFE 74. The DFE 74 also provides other functions including 1Q
compensation, such as DC compensation, digital AGC and RSSI. As >A ADCs
are over sampled ADCs it is necessary to reduce the bit stream rate at the
ADC output. This is done by decimation. When decimating you do not desire
the alias fold-down in your wanted band of interest and therefore you first filter

and decimate. The decimation filter partly removes some adjacent channel
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interferers (ACIs) but not completely. The channel filter removes the ACls. In
so far as understanding the present invention is concerned the stage 20 is
shown as a decimation filter 76 and the DFE 74 is shown as a Received Signal
Strength Indicator (RSSI) stage 78.

The time continuous 2A ADC 54 (56) has the usual architecture
comprising an input 80 coupled by way of a summing stage 82 to the input of a
loop filter 84 which acts as an anti-aliasing filter providing a typical alias
rejection of 80dB. An output of the loop filter 84 is coupled to a quantiser 86
having an input 87 for a sampling clock frequency fs provided by dividing a
local oscillator signal generator 92 using a divider 94 having a presettable
divisor. An output 88 for a digitised signal is coupled to the decimation filter 76
and, by a feedback loop, to a switched capacitance digital-to-analogue (SC-
DAC) 90 which provides an analogue output to the summing stage 82. The
SC-DAC 90 also receives the sampling clock frequency fs.

In order to be able to vary the frequency of the sampling clock
frequency fs in discrete steps a look-up table 96 having inputs for a digital
RSSI signal Rs from the RSSI stage 78 and the channel frequency fehanner 1S
provided. A sampling clock frequency control signal read-out from the look-up
table 96 is used to set the division ratio 1/A of the divider 94.

The divider 94 may comprise the divider 60(Figure 1) but in order to
have complete flexibility it is preferred that it should be separate from the
divider 60.

In operation an analogue signal at the input 80 is combined with an
analogue signal supplied by the SC-DAC 90 and the result is applied to the
loop filter 84 which eliminates low frequency noise. The quantiser 86 digitises
the signal derived from the loop filter 84 and applies it to the decimation filter
76 and to the SC-DAC 90. The strength of the signal derived from the
decimation filter 76 is measured by the RSSI stage 78 and the result Rs is
supplied to the look-up table 96. The sampling control signal is used vary
appropriately the division ratio 1/A of the divider 94 to adjust the sampling
clock frequency fs and thereby the gain of the time continuous A ADC.
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Figure 3 illustrates a 5™ order continuous time *A ADC having a SC-
DAC in greater detail. The various parts corresponding to those shown in
Figure 2 in block form have the same reference numerals and in the interests
of brevity will not be described again.

The loop filter 84 comprises five filter stages based on transconductors
T1 to T5, each of the filter stages having the same basic architecture. In the
interests of brevity the first stage will be described in detail together with other
circuit connections between the second and third stages and the fourth and
fifth stages. The subscripts applied to the various resistors and capacitors
identify the filter stage with which they are associated.

The transconductor of the first stage has differential inputs 100, 102 and
differential outputs 104, 106. Input resistors Ry are coupled to the differential
inputs 100, 102. The differential outputs 104, 106 are (a) cross connected by
capacitors C1 to the differential inputs 102, 100, (b) connected to resistors R»
of the next following stage and (c) connected by resistors Ra; to lines 108, 110
coupled to respective inputs of the quantiser 86.

In addition the differential outputs 104, 106 of the transconductors T3
and T5 of the third and fifth stages are cross connected by means of
respective resistors Rby and Rby to the differential inputs 102 and 100 of the
transconductors T2 and T4 of the second and fourth stages, respectively. This
enables the quantisation noise in the band of interest to be minimised. For the
illustrated topology, the sampling clock fs expression is:

I
fs RI Vdac Cdac

where Vin.rms max is the maximum magnitude of the signal at the input of the
ADC. This signal is detected in the digital domain using the received strength
indicator RSSI. When Vi, s is below (above) a low (high) limit value then the
divider ratio A is increased (decreased). As a result, the sampling clock
frequency f; is decreased (increased). By setting the DAC gain in the ADC it is
possible to implement AGC without the drawback of changing the filter transfer

function in front of the ADC or the overall the noise floor of the receiver. It can
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also be used to fine tune and/or calibrate the overall receiver gain. The typical
alias rejection for the topology of the loop filter 84 is 80dB.

Although the present invention has been described with reference to a
radio receiver it is within the scope of the present invention that the radio
receiver is a receiver section of a transceiver.

In the present specification and claims the word “a” or “an” preceding an
element does not exclude the presence of a plurality of such elements. Further,
the word “comprising” does not exclude the presence of other elements or steps
than those listed.

The use of any reference signs placed between parentheses in the
claims shall not be construed as limiting the scope of the claims.

From reading the present disclosure, other modifications will be
apparent to persons skilled in the art. Such modifications may involve other
features which are already known in the design, manufacture and use of radio
receivers and component parts therefor and which may be used instead of or

in addition to features already described herein.
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CLAIMS

1. A radio receiver including analogue-to-digital conversion means
(54, 56), a frequency dividing means (94) for providing a sampling clock
frequency (f;) for the analogue-to-digital conversion means, means (78) for
determining the strength of an output signal from the analogue-to-digital
conversion means and means (96) to alter a frequency dividing ratio of the
frequency dividing means in response the determined strength of the said
output signal in order to vary the gain of the analogue-to-digital conversion

means.

2. A radio receiver comprising an input (14) for a modulated radio
frequency signal, frequency down conversion means (16) coupled to the input,
the frequency down conversion means including mixing means (32,34) for
demodulating a received modulated radio frequency signal using a local
oscillator signal, analogue-to-digital conversion means (54, 56) coupled to
receive a demodulated signal from the mixing means, the analogue-to-digital
conversion means having an input for a sampling clock frequency (fs), a
voltage controlled oscillator (38), means (42, 43,44) coupled to the voltage
controlled oscillator for providing the local oscillator signal, and frequency
dividing means (60, 94) coupled to the voltage controlled oscillator for
providing the sampling clock frequency, characterised by digital-to-frequency
conversion means (96) for providing a sampling clock frequency control signal
(s control) @ccording to the strength of a digital output signal from the analogue-
to-digital conversion means, and in that the frequency dividing means (94) is
responsive to the sampling frequency control signal to vary a frequency
dividing ratio (1/A) of the frequency dividing means.

3. A radio receiver as claimed in claim 1 or 2, characterised in that

the frequency dividing ratio is varied in steps.
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4. A radio receiver as claimed in claim 1, 2 or 3, characterised in
that the analogue-to-digital conversion means comprises a continuous time

sigma-delta analogue-to-digital converter.

5. A radio receiver as claimed in claim 2, characterised in that the
analogue-to-signal conversion means comprises a continuous time sigma-
delta analogue to digital converter having an input (80), a signal summing
means (82) for summing an input signal and a feedback signal, a loop filter
(84) for filtering an output of the summing means, a quantiser (86) having an
input coupled to the loop filter and an output (88), and a feedback path
between the quantiser output and the summing means, the feedback path
including a digital-to-analogue converter (90), and in that the quantiser and the
digital-to-analogue converter have inputs for receiving the sampling clock
frequency (fs).

6. A radio receiver as claimed in claim 5, characterised in that the
digital-to-analogue converter comprises a switched capacitor digital-to-

analogue converter.

7. A radio receiver as claimed in 5 or 6, characterised in that a
received signal strength indicating stage (78) is coupled to the output of the
quantiser for producing digitised signal strength signals, and in that the digital-
to-frequency conversion means comprises a look-up table (96) storing
sampling frequency control values to vary the dividing ratio of the frequency
dividing means in response to the digitised signal strength control signals
obtained from the received signal strength indicating stage.

8. An integrated receiver comprising a radio receiver as claimed in

any one of claims 1 to 7.
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9. An integrated transceiver comprising a transmitting section and a
receiving section, characterised in that the receiving section comprises a radio

receiver as claimed in any one of claims 1to 7.

10. A method of operating a radio receiver, the method comprising
demodulating a received radio signal, filtering the demodulated signals and
digitising the filtered signals in analogue-to-digital conversion means (54, 56),
characterised by altering the gain of the analogue-to-digital conversion means
by varying the sampling clock frequency (fs) of the analogue-to-digital
conversion means in accordance with the strength of a signal derived from the

analogue-to-digital conversion means.



PCT/IB2009/050197

1/2

N
W

g

i de ﬁ

JOLOHIIE) BIUBIB LY [DLX i h
b 2
fonid ]
A. x Hwn 250 daping 3
- W 52040 feed NN e
£
i
“ smzaiagesoyd | SeEpIAg
i % AOLDdRURL
AR s Aouanbaag 4

'-\‘\\ .
e
TN
: s

:\\/ S
3

bl tw&*
PUD Ja

oy

ds(

ﬂu_‘o

;’:

\..Pttlcipwx ,‘

¢

Ny

WO 2009/093172




WO 2009/093172 PCT/IB2009/050197
2/2

S i w.gw_ e ey

. H -y¢ §F O §

%, N
{ S > 7278
, IR ML Y
-~ g & N R —

S S ( : By i ,\“ T ; ) LY P Yo ¥ TR S, ”
s+ bl oo Hil e quantizer— 3 WY el RBSI T channed flter

£

3

3
[
i
ramecern it
[
B
o

oy

T S wda wonisnnnnrr. | WA

A cec ot Gl I 0 o
Iy
F e
o
1

!
a
f
L

n x| A MM e TV W

|
4
By

<

Ry,
3

Al
4
£
e
o,
Mo
o
{
8
?
s
5'

PR fi’-ﬁﬁﬂ«‘?ﬁ‘?

“y

o e

Ca

g@“‘-«& g

i6h)

v SN v von. ovte eres estee s wvs tobene e
et e

5
€
s

S g & >i> ;
Ra: ;gg Ray S Raa s Ray RasSz Ras g Rae

L8 ' . { o
— PSR S S e out




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2009/050197

A.
INV.

CLASSIFICATION OF SUBJECT MATTER

H03G3/30

HO04B1/16 HO04B1/00

According to International Patent Classification (IPC) or 1o both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4B HO3G

Documeniation searched other than minimum documentation 1o the extent thatl such documents are included in the fields searched

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

US 2003/067404 Al (RUHA ANTTI [FI] ET AL)
10 April 2003 (2003-04-10)

abstract; claim 11; figures 2-5
column 9, line 18 - line 34

WO 00/24167 A (MOTOROLA INC [US])

27 April 2000 (2000-04-27)

page 5, line 1 - line 12; claims 1,3;
figure 3

US 6 680 680 B1 (MELLOT PASCAL [FR])
20 January 2004 (2004-01-20)
abstract; figure 4

WO 99/30428 A (QUALCOMM INC [US])

17 June 1999 (1999-06-17) '
abstract; figures 2,3

1-10

1-10

1-10

1-10

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents :

*A’ document defining the general state of the arnt which is not
considered to be of particular relevance

*E* earlier document but 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 publicalion date of another
citation or other special reason (as specified)

*0O* 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 invenlive step when the document is taken alone

°Y*® document of parlicular relevance; the claimed invention
cannot be considered 1o involve an inventive step when the
document is combined with one or more other such docu-
ments, 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

5 May 2009

Date of mailing of the intermational search report

12/05/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kolbe, Werner

Form PCT/ISA/210 (second sheet) (Apri! 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2009/050197

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

A

US 6 278 750 B1 (YU CHU-CHIAO [TW])
21 August 2001 (2001-08-21)
abstract; figure 3

1-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2009/050197
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2003067404 Al 10-04-2003 CN 1561578 A 05-01-2005
EP 1433259 A2 30-06-2004
WO 03030369 A2 10-04-2003
WO 0024167 A 27-04-2000 AT 354213 T 15-03-2007
CN 1359578 A 17-07-2002
DE 69935173 T2 20-12-2007
EP 1123609 Al 16-08-2001
ES 2280901 T3 16-09-2007
HK 1047206 Al 13-05-2005
us 6160859 A 12-12-2000
us 6498819 Bl 24-12-2002
us 6356603 Bl 12-03-2002
US 6680680 Bl 20-01-2004 DE 60010389 D1 09-06-2004
DE 60010389 T2 04-05-2005
EP 1077530 Al 21-02-2001
FR 2797725 Al 23-02-2001
WO 9930428 A 17-06-1999 AU 746148 B2 18-04-2002
AU 1717899 A 28-06-1999
BR 9813414 A 10-10-2000
CA 2313139 Al 17-06-1999
CN 1281597 A 24-01-2001
DE 69839192 T2 26-02-2009
DK 1040587 T3 02-06-2008
EP 1040587 Al 04-10-2000
ES 2301217 T3 16-06-2008
JP 2001526487 T 18-12-2001
MX  PAOQ005773 A 07-11-2002
us 6005506 A 21-12-1999
ZA 9811125 A 10-10-2000

US 6278750 B1 21-08-2001  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

