
;e3e"dvr&6T"n[WO 02/09280 PCT/EP01/08398  , The invention relates to a
receiver comprising a tuning circuit including a digitally controlled
capacitor bank with n 5 capacitors being monolithically integrated in
planary form and being controlled by a tuning control signal, as well as to
a capacitor bank. A receiver using a digitally controlled capacitor bank of
this type is known e.g. from US patent number 4,216,451. 10 The capacitor
bank of the known receiver provides a variable capacitance, included in a
filter circuit and is controlled to incrementally vary the tuning frequency
of the filter and/or the receiver. The use of a -capacitor bank instead of
a single variable capacitance diode, allows to lower the bias  15 voltage
and to avoid the need for DC/DC converters. Furthermore, the n capacitors
of the digitally controlled capacitor bank being monolithically integrated
in planary form enable to optimise the above receiver and/or the capacitor
bank used therein, in terms of price/performance ratio and in particular 20
in tuning behaviour. However, In practice, the component values of circuit
elements implemented in planary technology and in particular in integrated
circuit (IC) technology have absolute and relative spread. Absolute spread
is understood to be the spread in the 25 actual component values from a
wanted or average value, whereas relative spread is understood to be the
spread in the component values of the elements relative to each other.
Absolute spread is mainly caused by variation of the thickness or the
composition of planar layers,. whereas relative spread is caused 30 by the
inhomogenities along the X and Y axes of the planar layers. Both types of
spread cause the actual value of integrated elements to deviate
unpredictably from a target value, which in-particular for relatively small
values of the capacitance may amount to 305 or more. This has prevented so
far 35 to integrate the capacitor bank for use in a receiver tuning
circuit. The invention, however, is based on the recognition that in the
above integrated capacitor bank, said spread can be CONFIRMATION COPY   WO
02/09280 PCT/EPO1/08398 2 prevented from affecting the accuracy of the
capacitance value of the capacitor bank and/or the tuning frequency. In
consequence, amongst other things, it is an object of the invention is to
minimise the overall spread of the 5 capacitance value of the capacitor
bank. Now therefore, according to one of .its aspects, the invention is
characterised by said n capacitors providing - various capacitance values
including a unity capacitor covering a unity IC surface, wherein capacitors
having capacitance values 10 smaller than said unity capacitor cover
respective IC surfaces, which in proportion to their value are smaller than
said unity IC surface and wherein capacitors having capacitance values
greater than said unity capacitor are being formed by clusters of
capacitors, each covering an IC surface corresponding to said 15 unity IC
surface. This measure is based on the recognition that the relative spread
of an integrated element, and in particular an integrated capacitor
increases with a decreasing IC surface thereof, whereas identical element
structures decreases in relative 



20 spread with the square root of the multiplicity of application thereof.
Said measure therewith allows by a proper choice of the unity capacitor to
minimise the total spread in the capacitance value of the capacitor bank.
In a preferred embodiment of the invention said n 25 capacitors form a
binary weighted sequence of capacitance values ranging from 2 to 2n-1,
whereas said unity capacitor is chosen to correspond to a capacitance value
2k, k being larger than 1 and smaller than n. In a further preferred
embodiment of the invention n is in 30 the order of magnitude of 10,
whereas k is being chosen in a range between 3 and 8. By applying this
measure optimal use is  made of the IC surface dependent spread of the
capacitors to obtain a minimum overall spread of the capacitance of the
capacitor bank at each value within the tuning range. 35 Preferably said
unity capacitor being chosen to define the upper boundary limit of the
tuning range in compensation parasitic effects.   WO 02/09280 3 PCT/EPU 1
/08398 Furthermore the above composition of capacitors in clusters of unity
capacitors introduces a degree of freedom in the lay out design to further
minimise the overall spread in the individual integrated capacitors of the
capacitor bank. 5 Another preferred embodiment of the invention is
therefore characterised in that said clusters of unity capacitors are being
surrounded by isolated dummy capacitors. This measure allows to compensate
for spread in the capacitance values of the capacitors due to proximity
effects. 10 To reduce parasitic effects, such receiver is preferably being
characterised in that the capacitors of the capacitor bank are structured
in lay out to form clusters having minimum parasitic wiring effects.
Another object of the invention is to improve and simplify 15 the control
of the capacitor bank. Therefore, a receiver and/or capacitor bank
comprising n capacitors being controlled by a (tuning) control signal,
according to the invention is characterised by an AD converter for
converting an analogue tuning control signal into an m bit 20 binary signal
being coupled to a bitnumber conversion device for converting said m bit
binary signal into an n bit binary signal, m being smaller than n, said n
bit binary signal including bits 1 to N respectively controlling capacitors
1 to n of the capacitor bank. 25 This measure is based on the recognition
that the number of binary weighted capacitor values necessary to obtain an
appropriate degree of accuracy in tuning frequencies is smaller than. n,
being the number of binary weighted capacitors of the capacitor bank needed
to cover the tuning range. This measure 30 allows to use an analogue tuning
control signal for tuning the RF input filter ,and furthermore, to simplify
the operation and implementation of the AD converter while maintaining an
appropriate degree of accuracy in tuning frequencies. A preferred
embodiment of the invention is characterised in 35 that the bitnumber
conversion device comprises a look up table comprising m*n storage
locations for storing therein an n bit binary signal for controlling the n
capacitors of the integrated 



digitally controlled capacitor bank.   WO 02/09280 4 PCT/EP111/08398 The
bitnumber conversion device may alternatively comprise a microprocessor for
executing an algorithm for converting an m bit binary signal into an n bit
binary signal. Preferably, the bitnumber conversion device comprise means 5
for adjusting the dependency of capacitance variation of the integrated
digitally controlled capacitor bank on the control signal e.g. to effect
linear dependency between the tuning frequency and said control signal.
Another object of the invention is to adapt the control of 10 the n
capacitors of the capacitor bank to the actual spread in capacitor values.
A preferred embodiment of the invention is therefore characterised by a
calibration circuit for measuring absolute spread in the capacitance values
of the n capacitors of the 15 integrated capacitor bank being coupled to
the bitnumber conversion device to adapt said conversion to compensate for
said absolute spread. This measure provides for an elimination of the
absolute spread from the tuning behaviour of the receiver and in 20
particular the RF input filter thereof. It is yet another object of the
invention to improve receiver signal selection and processing. An
embodiment of a receiver according to the invention is therefore
characterised by an RF input filter comprising a 25 further capacitor bank
being controlled by a control signal generator comprising means to provide
parallel tracking of the tuning circuit and the RF filter. Such means may
include various look up tables each comprising m*n storage locations for
storing therein the n bit 30 binary signal controlling the n capacitors of
the integrated digitally controlled capacitor bank, or may alternatively
include means to execute an algorithm which performs the same task.
.Another object of the invention is to avoid the discrete 35 or step wise -
capacitance variation of the capacitor bank from becoming critical in some
specific applications thereof. In particular when being applied in phase
locked loops.   



WO 02/09280 5 PCT/EPO 1 /0f3398 Therefore, a preferred embodiment of a
receiver accordingto the invention is being characterised by a phase locked
loopcomprising a controllable oscillator, a continuous tuningcontrol signal
being supplied through an analogue to digital5(AD) converter to said
capacitor bank and to a first input of adifferential stage, an output of
the AD converter being coupledthrough a digital to analogue (DA) converter
to a second inputof a differential stage, an output of the differential
stagebeing coupled to a control terminal of a variable capacitance10diode
being arranged in parallel to the capacitor bank.This measure prevents the
phase locked loop from repeated--switching between two settings of the
digitally controlledcapacitor bank.A variable capacitance device according
to the invention15for use in the last mentioned receiver is characterised
by acontinuous tuning control signal being supplied through ananalogue to
digital (AD) converter to a further capacitor bankand to a first. .put -of
a differential stage, an output of theAD converter being coupled through a
digital to analogue (DA)20converter to a second input of a differential
stage, an outputof the differential stage being coupled to a control
terminal of-a variable capacitance diode being arranged in parallel to
thedigitally controlled capacitor bank.By applying these measures according
to the invention,25operation of the digitally controlled capacitor bank
within acontrol range requires a much lower supply voltage thanconventional
variable capacitance diodes, whereas the variablecapacitance diode included
in the variable capacitance deviceaccording to the invention only needs to
vary within a range30corresponding to only one stepwidth of the
capacitanceincrements of the digitally controlled capacitor
bank.Preferably, the capacitance variation range of the variablecapacitance
diode is chosen to correspond to the capacitancevariation. stepwidth of the
capacitor bank at an incremental35change of the output signal of the AD
converter.In a preferred embodiment of the invention, amplificationmeans
are used to adapt the difference between the originalanalogue control
signal on the one hand and the digitised   WO 02/09280 6 PCT/EP01 /08398
analogue control signal for the capacitor bank on the other hand to the
available capacitance control range of the variable capacitance diode. A
further preferred embodiment of the invention allowing 5 linear control of
the variable capacitance diode within its capacitance variation range is
characterised by the continuous control signal being supplied through said
control input to a gain control input of the amplification means. Another
preferred embodiment of a variable capacitance 10 device according to the
invention, in which the effect of spread is further minimised, is
characterised by including in a common housing first and second look up
tables a common input thereof being supplied with a tuning control signal
and outputs thereof being coupled to first and second monolithically
integrated 15 digitally controlled capacitor banks for the use thereof in
first and second filter circuits, respectively, the first and second look
up tables providing for parallel filter tracking. The foregoing and other
objects and advantages of the 20 present invention will become more readily
apparent from the following description of preferred embodiments, as taken
in conjunction with the accompanying drawings, which are a part hereof and
wherein: Figure 1A is a functional diagram of a monolithically 25
integrated digitally controlled capacitor bank according to the invention;
Figure 1B is a block diagram of a first preferred embodiment of a variable
capacitance device according to the invention as part of an LC circuit; 30
Figure 2 is a block diagram-of a first ,preferred embodiment of a receiver
according to the invention ; Figure 3 is an IC lay out structure used in
the implementation of the monolithically integrated digitally controlled
capacitor bank of -Figure lA; 35 Figure 4 is a block diagram of the front
end of a second preferred embodiment of a receiver according to the
invention using a PLL; 



WO 02/09280 PCT/EPO1/08398 Figure 5 is a signal plot showing the
capacitance variation within a control range of an ideal capacitor bank
having 23 - 8 discrete capacitance -value settings using 3 capacitors
without spread; 5 Figure 6 is a signal plot showing the capacitance
variation within a control range of a monolithically integrated digitally
controlled capacitor bank having 23 - 8 discrete capacitance value settings
using first to third capacitors, the second capacitor having 305 spread; 10
' Figure 7 a block diagram of a second preferred embodiment of a variable
capacitance device according to the invention for use in tracked filters;
Figure 8 a signal plot showing the capacitance versus voltage
characteristic of a conventional variable 15 capacitance diode. Figure 1A
shows a functional diagram, of a monolithically integrated digitally
controlled capacitor bank capacitor bank Cb according to the invention
comprising n=10 capacitors CO-C9 20 forming a binary weighted sequence of
values 2 to 29, which can be individually switched through respective
switches SO-S9 between first and second terminals t1 and t2 under control
of a digital 10 bit word. A trimmer capacitor Ct is connected in parallel
to the capacitors CO-C9 between the first and second 25 terminals t1 and
t2. The trimmer capacitor Ct is to compensate for the unpredictable
parasitic capacitances (inherent to the IC implementation and e.g. caused
by bondings) and to bring the total capacitance occurring across the
capacitor bank to a predetermined fixed value fix. In practice this fixed
value 30 Cfix is kept as small as possible. An inductor L is coupled in
parallel between said first and second terminals t1 and t2 to form with the
capacitors CO-C9 an LC tuning circuit being controlled in its tuning
frequency over a certain frequency range, for example the AM radio
broadcast frequency band ranging 35 from 500 to 350Q khz. Although in this
example, 10 bits are actually required to cover the full tuning frequency
range, the relative spread in component values of the capacitors CO-C9
cause the number of essential information carrying bits to be   WO 02/09280
PCT/EPO1/08398 8 limited to at most 7 bits only. The accuracy in
capacitance value obtainable with 7 bits amounts to approximately 10,
whichmore or less conforms to the accuracy obtainable in anintegrated
implementation. For small capacitance values the5three most significant
bits are always zero, i.e. switches S7-S9are always open, whereas for large
capacitance values the threeleast significant bits are always irrelevant as
their value isless than said 1% spread. A 7 bits word can be used according
tothe invention to vary the capacitance of a capacitor bank with1010
capacitors within a receiver tuning range, by applying bitnumber conversion
means to convert said 7 bits tuning controlsignal into a 10 bits tuning
control signal for the capacitorbank. This allows to use a 7 bits AD
converter for an analogueto digital conversion of a continuous tuning
control signal.15The bit conversion can be carried out dynamically by
usinga trial and error calculation scheme-. The bit conversion
canalternatively be read out from a look up table in the givenexample using
10 bits read only memories addressed by the 7 bitwords of the digital
tuning control voltage. In addition to bit20number conversion the look up
table may also comprise data toprovide for compensation of or for adjusting
the dependency ofcapacitance variation of the digitally controlled
capacitor bankon the tuning control signal to effect a linear dependency
ofthe tuning frequency of the LC tuning circuit on said tuning25control
signal.The function of such lookup table will be explained inmore detail
with reference to Figure 7.Figure 1B is a block diagram of a preferred
embodiment of avariable capacitance device Cv according to the invention
for30use in a receiver in which elements corresponding to theelements shown
in Figure 1A are provided with same referencenumerals. The variable
capacitance device Cv comprises acapacitor bank Cb coupled between first
and second terminals tland t2 and connected in parallel to an inductor L to
form an LC l35tuning circuit. The variable capacitance device Cv comprises
acontrol input I being supplied with a continuous control signalto vary the
capacitance of Cv and therewith the tuning frequencyof the LC tuning
circuit, this control signal hereinafter also   WO 02/0928U PCT/EPO1/08398
9 being referred to as tuning control signal Vtune. The control input I is
coupled through an analogue to digital converter AD to a control input of a
digitally controlled capacitor bank Cb as well as to a first input .of a
differential stage DS. An 5 output of the analogue to digital converter AD
is coupled 



through .a digital to analogue converter DA to a second input of the
differential stage DS. An output of the differential stage DS is coupled
through amplification means AMP to a control terminal td of a variable
capacitance diode D at the common 10 , connection between a serial
arrangement of said variable capacitance diode D and a blocking capacitor
C. This serial arrangement is coupled in parallel to the capacitor bank Cb
between said between-first and second terminals t1 and t2. The '
amplification means AMP amplifies the output signal of the 15 differential
stage DS, i.e, the mutual difference of the signals at the first and second
input of said differential stage DS hereinafter also being referred to as
discretion difference - to . adapt the same to the available capacitance
variation range of the variable capacitance diode D. Furthermore by varying
the 20 gain of the amplification means AMP dependent on the tuning control
voltage Vtune, a compensation-of the non-linear tuning control voltage
dependent capacitance variation of the diode D is obtained. As can be seen
from the capacitance versus voltage characteristic of a conventional
variable capacitance diode as 25 shown in Figure 8, the slope of said
characteristic decreases strongly with an increasing tuning control
voltage. By increasing the above gain of the amplification means AMP with
an increasing tuning control voltage, the control of the capacitance of the
diode D can be made more linear therewith 30 increasing the control
accuracy. To provide a continuously varying capacitance value at a likewise
varying tuning control voltage Vtune at the input I, the capacitance
variation range of the variable capacitance diode D should at least
correspond to the capacitance variation 35 stepwidth of the capacitor bank
Cb at an incremental change of the output signal of the AD converter. The
capacitance variation range of the variable capacitance diode D is chosen
in such a way that it covers safely, even in situations with the worst   WO
02/09280 PCT/EPO1/08398 -- 10 case process spread, the incremental
capacitance variation stepwidth of the capacitor bank. However, to prevent
the occurrence of glitching of the capacitance value of the capacitor bank
when being varied, the capacitance variation 5 range of the variable
capacitance diode D is preferably chosen to be somewhat smaller, in
practise approximately 10%) of the incremental capacitance variation
stepwidth of the capacitor bank. The variable capacitance device Cv
according to the 10 invention as a whole is very well suitable to be
substituted for any single conventional variable capacitance diode and
functions properly at supply voltages substantially lower than the supply
voltage needed for such conventional variable capacitance diodes. This
eliminates the need for DC-DC voltage converters in 15 receivers with low
bias voltage. In the absence of requirements to provide a continuously
varying capacitance value at a likewise varying tuning control voltage, the
use of a single capacitor bank, such as the capacitor bank Cb, as
substitute for a conventional variable capacitance diode, may suffice. The
20 variable capacitance device Cv according to the invention, however,
fully meets said requirements, and its field of use includes a11 types of
tuneable filters, whether or not being part of a tuning circuit and/or loop
circuit, such as e.g.. phase ' _ or frequency locked loops. 25 The
capacitance variation of the variable capacitance device Cv according to
the invention as shown in Figure 1B including an ideal capacitor bank with
n=3 is given in Figure 5. Such ideal capacitor bank includes 3 capacitors
without spread and has 23 - 8 discrete capacitance settings. The
capacitance 30 variation range of the diode D is chosen to correspond to
the capacitance variation stepwidth of the capacitor bank at an incremental
change of the output signal of the AD converter. Curve cb of Figure 5 shows
the capacitance of the ideal capacitor bank Cb, whereas curve cv of this
Figure 5 is showing 35 the total capacitance of the variable capacitance
device Cv. For each value of the tuning control input signal, the variable
capacitance device Cv having an ideal capacitor bank Cb defines a certain
capacitance value. 



WO 02/(19280 11 PCT/EP01/08398 The capacitance variation of a variable
capacitance device Cv according to the invention as shown in Figure 1B in a
practical implementation in integrated form, including a nonideal capacitor
bank with n=3 is given in Figure 6. This non 5 ideal capacitor bank has 23
= 8 discrete capacitance settings and includes first to third capacitors
C1-C3, in which C2=1.3 * C1*2 and in which C3 = 4 * Cl. C2 shows a value
spread of 300. The capacitance variation range of the diode D is chosen to
cover the capacitance variation stepwidth of the capacitor bank at an 10
incremental change of the output signal of the AD converter. The
capacitance variation range of the diode D therewith corresponds to the
capacitance variation stepwidth of the capacitor bank at said incremental
change of the output signal of the AD converter. Curve cb of Figure 6.
shows the capacitance of 15 the non-ideal capacitor bank Cb, whereas curve
cv is showing the total capacitance of the variable capacitance device Cv.
Also here the variable capacitance device Cv defines a capacitance value
for each value of the tuning control input signal. This allows to use the
variable capacitance device Cv according to 20 the invention as shown in
Figure 1B in phase locked loops as will be explained in more detail with
reference to Figure 4. Figure 7 shows a block diagram of a second preferred
embodiment of a variable capacitance device according to the invention
comprising a tuning control signal generator CSG being 25 supplied with a
tuning control signal. The tuning control signal can be a continuous
signal, in which event the tuning control signal generator CSG includes an
analogue to digital converter, or the tuning control signal can be a
digital signal, in which event the tuning control signal generator CSG may
comprise 30 digital signal processing means and may eventually be dispensed
with. The tuning control signal generator CSG supplies an m-bit digital
tuning control voltage to inputs of first and second look up tables LU1 and
LU2. These first and second look up tables LU1 and LU2 each comprise m*n
storage locations for 35 storing therein respective first and second n bit
binary signals which are supplied to n capacitors of first and second
capacitor banks Cb1 and Cb2, n being larger than m. The first and second
capacitor banks Cbl and Cb2 are monolithically implemented to   WO 02/09280
12 PCT/EPlll/(18398 reduce the absolute spread and may be commonly mounted
in a single housing. The first and second look up tables include, apart
from bit number conversion data also data providing parallel tracking of
filters, in which the first and second 5 capacitor banks Cb1 and Cb2 are
used as tuneable capacitance devices. Dependent on the frequency difference
between such tracked filters, parallel tracking may require the capacitance
of the first capacitor bank Cb1 to vary at a exactly predictable
(calculable)-difference from the capacitance of the second 10 capacitor
bank Cb2 with a certain variation of the n-bit digital tuning control
signal. This capacitance-difference is to be taken into account in the
generation of the first and second nbit digital signals. The implementation
thereof lies within the normal ability of a person skilled in the art and
shall 15 therefore not be described in further detail. An application of
such a variable capacitance device in a first preferred embodiment of a
receiver according to the invention is shown in Figure 2. The receiver
shown includes an RF input filter comprising a fist parallel LC circuit
LlCbl, 20 formed by an antenna ANT functioning as an inductor L1 and the
above first variable capacitor bank Cb1. The RF input filter is coupled to
a mixer stage M for converting an RF signal being selected by the RF input
filter RF into an IF signal, which IF signal is being processed in known
manner into audible signal in 25 signal processing means P. The mixer stage
M is supplied with a local oscillator signal being generated by a tuneable
oscillator OSC comprising a second tuneable LC circuit L2Cb2 comprising an
inductor L2 in parallel with the above second tuneable capacitor bank Cb2.
The contro11ab1e capacitor banks Cb1 and Cb2 are being 



30 provided with first and second n-bit digital control signals from
respectively said first and second look up tables LU1 and LU2. The
frequency of the local oscillator OSC deviates over the IF frequency from.
the -carrier frequency of the wanted RF signal. For a correct tuning to a
wanted RF signal within the receiver 35 tuning range, the second tuneable
LC circuit L2Cb2 should track the first parallel LC circuit LlCb1 within
the receiver tuning range over a constant frequency difference
corresponding to the IF frequency. This is achieved with a proper
adaptation of the   WO 02/09280 PCT/EPO1/08398 13 above first and second
n-bit digital control signal for the first and second capacitor banks Cb1
and Cla2. Figure 4 shows an application of a variable capacitance device Cv
as shown in Figure 1B in an RF input filter and an LC 5 tuning circuit of a
second preferred embodiment of a receiver according to the invention. In
contrast to the receiver of Figure 2, the receiver shown here comprises a
phase locked loop (PLL), which includes the tuneable local oscillator OSC.
An ' output of the local oscillator OSC is compared with a reference 10
frequency derived from the oscillation frequency of a crystal oscillator XO
.in a phase detector of the PLL. Such PLL functions properly only if within
the LC tuning circuit a -capacitance value-is de-fined for each frequency
within the tuning range. The absence of capacitance values, which may occur
when using a 15 capacitor bank only without a variable capacitance diode,
may give rise to repeatedly switching of the capacitor bank between two
capacitance settings. The LC RF input filter comprises a first parallel LC
circuit hlCvl, formed by an antenna ANT functioning as an 20 inductor L1
and a first variable capacitance device Cvl according to the invention. The
RF input filter is coupled to a mixer stage M for converting an RF signal
being selected by the RF input filter RF into an IF signal, which IF signal
is being processed in known manner into audible signal in signal 25
processing means P. The mixer stage M is supplied with a local oscillator
signal being generated by a tuneable oscillator OSC comprising a second
tuneable LC circuit L2Cv2 comprising an inductor h2 in parallel with a
second variable capacitance device Cv2 according to the invention. The
first and second '30 capacitor banks of the first and second variable
capacitance device Cv1 respectively Cv2 include respectively first and
second look up tables LU1 and LU2 (not shown). The frequency of the local
oscillator OSC deviates over the IF frequency from the carrier frequency of
the wanted RF signal. For a correct tuning 35 to a wanted RF signal within
the receiver tuning range, the second tuneable LC circuit L2Cv2 should
track the first parallel LC circuit LlCv1 within the receiver tuning range
over a constant frequency difference corresponding to the IF frequency.
WO 02/09280 14 PCT/E P01 /08398 This is achieved with a proper adaptation
of the above first and second n-bit digital control signal for the first
and second capacitor banks Cbl and Cb2 of the first and second variable
capacitance device Cvl and Cv2 according to the invention. 5 Figure 3 shows
an IC lay out structure used in the implementation of the monolithically
integrated digitally controlled capacitor bank of Figures 1A and Figure 1B
with n capacitors forming a binary weighted sequence ;of values. The
integrated n capacitors may be based an the use of oxyde layers 10 or p-n
junctions, both technologies being understood to be planary. The blocks
indicated by numbers each represent a unity capacitor covering a unity IC
surface. Among the n capacitors is a unity capacitor being indicated by a
single block, identified with the reference numeral 1-and covering a single
unity IC 



15 surface. Capacitors smaller than said unity capacitor 1 are being
indicated by blocks A, B and C. These capacitors cover respective IC
surfaces, which in proportion to their value are smaller than said unity IC
surface, hereinafter also indicated as scaled capacitors. The capacitors
greater than said unity 20 capacitor are being formed by clusters of a
binary weighted number of unity capacitors referred to by blocks with
reference numerals: 2, 4, 8, 16, 32 and 64. The unity capacitors of the
clusters are being surrounded by isolated dummy unity capacitors to provide
for a compensation in the lack of neighbouring 25 capacitors on-the outer
boundaries of the respective clusters, therewith obtaining a further
minimisation in the relative spread of the various capacitors. Furthermore,
the clusters are structured in lay out 'Go minimise parasitic wiring
effects. In a practical embodiment the total spread in the 30 capacitance
value of the unity capacitor is 1%. Therewith a11 capacitors larger t-han
the unity capacitor have a total spread in their capacitance value of l%.
Capacitors smaller than the unity capacitor, i.e. capacitors A-C, show a
much larger procentual spread .in their capacitance value, however, these
35 capacitors are only used in combination with the unity capacitor and/or
one or more capacitors larger than the unity capacitor. This minimises the
effect of the larger spread in the capacitance value of said capacitors A-C
on the overall   WO 02/09280 PCT/EP01/08398 15 capacitance of -the
capacitor bank at each value within the control or tuning range.
Preferably, the n capacitors of the capacitor bank are chosen to form a
binary weighted sequence of capacitance values 5 ranging from 2 -to 2n-1,
whereas said unity capacitor is chosen to correspond to a capacitance value
2k, k being larger than 1 and smaller than n. In a practical embodiment, in
which n was in the order of magnitude of 10, an appropriate low spread in
the capacitance value of the capacitor bank within its control range 10 ,is
obtained with k being chosen in a range between 3 and 8. The value of the
unity capacitor may also be chosen to define together with the above Cfix
the upper boundary limit of the tuning range. The smallest capacitor C in
the capacitor bank Cb of Figure 15 3 is chosen to define the tuning
stepwidth. In a practical embodiment the unity capacitor is chosen at a
capacitance value of 13,6 pF and the smallest capacitor C of the capacitor
bank at a capacitance value of 1.7 pF, While the present invention has been
illustrated and 20 described with respect to some specific embodiments
thereof, it is to be understood that the present invention is by no means
limited thereto, but encompasses a11 changes and modifications which will
become possible within the scope of the appended claims. It is therefore
possible to also use the invention when 25 applying the various measures
according to the invention separately and mutually independent from each
other. For example, it is very well possible to apply the measure to use of
scaled capacitors in combination with clusters of unity capacitors, the
measure to use a bitnumber conversion device and 30 the measure to apply a
variable capacitance diode in parallel to a capacitor bank separately or in
any mutual combination, other than shown in the drawing.   WO 02/09280 16
Claims PCT/EP111 /08398 



1. Receiver comprising a tuning circuit including a digitally controlled
capacitor bank with n capacitors being 5 monolithically integrated in
planary form and being controlled by a tuning control signal, characterised
by said n capacitors providing various capacitance values including a unity
capacitor covering a unity IC surface, wherein capacitors having
capacitance values smaller than 10 said unity capacitor cover respective IC
surfaces, which in proportion to their value are smaller than said unity IC
surface and wherein capacitors having capacitance values greater than said
unity capacitor are being formed by clusters of capacitors, each covering
an IC surface 15 corresponding to said unity IC surface. 2. Receiver
according to claim 1, characterised by said n capacitors forming a binary
weighted sequence of capacitance values ranging from 2 to 2n-1, said unity
2D capacitor corresponding to a capacitance value 2k, k being chosen larger
than l and smaller than n. 3. Receiver according to claim 2, characterised
by n being in the order of magnitude of 10 and k being chosen in a range
25. between 3 and 8. 4. Receiver according to claim 2 or 3, characterised
by said unity capacitor being chosen to define the upper boundary limit of
the tuning range. 30 5. Receiver according to one of claims 1 to 4,
characterised in that said clusters of unity capacitors are being
surrounded by isolated dummy capacitors. 35 6. Receiver according to one of
claims 1 to 5, characterised in that the said clusters of capacitors are
structured in lay out to minimise parasitic wiring effects.   WO 02/09280
17 PCT/EP01 /08398 7. Receiver according to one of claims 1 to 6,
characterised by an AD converter for converting an analogue tuning control
signal into an m bit- binary signal being Coupled to a bitnumber conversion
device for converting said m bit 5 binary signal into an n bit binary
signal, m being smaller than n, said n bit binary signal including bits 1
to N respectively controlling capacitors 1 to n of the capacitor bank. 10
8. Receiver according to claim 7, characterised in that the bitnumber
conversion device comprise means for linearising the dependency of
capacitance variation of the integrated digitally controlled capacitor bank
on the tuning control signal. 15 9. Receiver according to claim 7 or 8,
characterised in that the bitnumber conversion device comprises a look up
table comprising m*n storage locations for storing therein the n bit binary
signal controlling the n capacitors of the 20 integrated digitally
controlled capacitor bank as a function of said m bit binary signal. 10.
Receiver according to claim 9, characterised in that the bitnumber
conversion device comprises various look up 25 tables each comprising m*n
storage locations for storing therein the n bit binary signal controlling
the n capacitors of the integrated digitally controlled capacitor bank. 



30 11. Receiver according to claim 7 or 8, characterised in that the
bitnumber conversion device comprises a microprocessor for executing an
algorithm for converting an m bit binary signal into an n bit binary
signal. 35 12. Receiver according to one of claims 7 to 11, characterised
by a calibration circuit for measuring absolute spread in the capacitance
values of the n capacitors of the integrated digitally controlled capacitor
bank being   WO 02/09280 PCT/EPO1/118398 18 coupled to the bitnumber
conversion device to adapt said conversion to compensate for said absolute
spread. 13. Receiver according to one of claims 1 to 12, characterised 5 by
a phase locked loop comprising a controllable oscillator, a continuous
tuning control signal being supplied through an analogue to digital (AD)
converter to said capacitor bank and to a first input of a differential
stage, an output of the AD converter being coupled through 10 a digital to
analogue (DA) converter to a second input of a differential stage, an
output of the differential stage being coupled to a control terminal of a
variable capacitance diode being arranged in parallel to the capacitor
bank. 15 14. Receiver according to claim 13, characterised in that the
capacitance variation range of the variable capacitance diode corresponds
at least to the capacitance variation stepwidth of the capacitor bank at an
incremental change of 20 the output signal of the AD converter. 15.
Receiver according to claim 13 or 14, characterised by amplification means
preceding the control terminal of said variable capacitance diode for
amplifying the mutual 25 difference of the signals at the first and second
input of the differential stage. 16. Receiver according to claim 15,
characterised by an output of the AD converter being coupled to a gain
control input 30 of the amplification mans. 17. Receiver according to one
of claims 1 to 16, characterised by an RF input filter comprising a further
capacitor bank being controlled by a control signal generator comprising 35
means to provide parallel tracking of the tuning circuit and the RF filter.



WO 02l09280 PCTlEPUIlU8398 19 18. Variable capacitance device comprising a
digitally controlled capacitor bank with n capacitors being monolithically
integrated in planary form and being controlled by a control signal for
varying the capacitance 5 of the capacitor bank, characterised by said n
capacitors providing various capacitance values including a unity
capacitor-covering a unity IC surface, wherein capacitors having
capacitance values smaller than said unity capacitor cover respective IC
surfaces, which in proportion to their 10 value are smaller than said unity
IC surface and wherein capacitors having capacitance values greater than
said unity capacitor are being formed by clusters of capacitors, each
covering an IC surface corresponding to said unity IC surface. 15 19.
Variable capacitance device according to claim 18, characterised by said n
capacitors forming a binary weighted sequence of capacitance values ranging
from 2 to 2n-1, said unity capacitor corresponding to a capacitance 20
value 2k, k being chosen larger than 1 and smaller than n. 20. Variable
capacitance device according to claim 19, characterised by n being in the
order of magnitude of 10 and k being chosen in a range between 3 and 8. 25
21. Variable capacitance device according to claim 19 or 20, characterised
by said unity capacitor being chosen to define the upper boundary limit of
the control range. 30 22. Variable capacitance device according to one of
claims 18 to 21, characterised in that said clusters of unity capacitors
are being surrounded by isolated dummy capacitors. 35 23. Variable
Capacitance device according to one of claims 18 to 22, characterised in
that the said clusters of capacitors are structured in lay out to minimise
parasitic wiring effects.    WO U2/09280 20 PCT/EPU 1 /D8398 24. Variable
capacitance device according to one of claims 18 to 23, characterised by an
AD converter for converting an analogue control signal into an m-bit binary
signal being 5 coupled to a bitnumber conversion device for converting said
m bit binary signal into an n bit binary signal, m being smaller than n,
said n bit binary signal including bits 1 to N respectively-controlling
capacitors 1 to n of the capacitor bank. 10 25. Variable capacitance device
according to claim 24, characterised in that the bitnumber conversion
device 



- comprise means for linearising the dependency of capacitance variation of
the integrated digitally 15 controlled capacitor bank on the control
signal. 26. Variable capacitance device according to claim 24 or 25,
characterised in that the bitnumber conversion device comprises a look up
table comprising m*n storage locations 20 for storing therein the n bit
binary signal controlling the n capacitors of the integrated digitally
controlled capacitor bank as a function of said m bit binary signal. 27.
Variable capacitance device according to claim 26, 25 characterised in that
the bitnumber conversion device comprises various look up tables each
comprising m*n storage locations for storing therein the n bit binary
signal controlling the n capacitors of the integrated digitally controlled
capacitor bank. 30 28. Variable capacitance device according to claim 24 or
25, characterised in that the bitnumber conversion device comprises a
microprocessor for executing an algorithm for converting an m bit binary
signal into an n bit binary 35 signal. 29. Variable capacitance device
according to one of claims 18 to 30, characterised by a phase locked loop
comprising a   WO 02/09280 21 PCT/EPU1/08398 controllable oscillator, a
continuous control signal being supplied through an analogue to digital
(AD) converter to said capacitor bank and to a first input of a
differential stage, an output of the AD converter being coupled through 5 a
digital to analogue (DA) converter to a second input of a differential
stage, an output of the differential stage being coupled to a control
terminal of a variable capacitance diode being arranged in parallel to the
capacitor bank. 10 30. Variable capacitance device according to claim 29,
characterised in that the capacitance variation range of the variable
capacitance diode corresponds at least to the capacitance variation
stepwidth of the capacitor bank at an 15 incremental change of the output
signal of the AD 



converter. 31. Variable capacitance device according to claim 29 or 30,
characterised by amplification means preceding the control 20 terminal of
said variable capacitance diode for amplifying the mutual difference of the
signals at the first and second input of the differential stage. 32.
Variable capacitance device according to claim 31, 25 characterised by an
output of the AD converter being coupled to a gain control input. of the
amplification means. 33. Variable capacitance device according to one of
claims 24 to 32, characterised by a calibration circuit for measuring 30
absolute spread in the capacitance values of the n capacitors of the
integrated digitally controlled capacitor bank being coupled to the
bitnumber conversion device to adapt said conversion to compensate for said
absolute spread. 35 34. Variable capacitance device according to one of
claims 27 to 33, characterised by including in a common housing first and
second look up tables a common input thereof being   WO 02/09280 22
PCT/EPO1/08398 supplied with a control signal and outputs thereof being
coupled to first and second monolithically integrated digitally controlled
capacitor banks for the use thereof in first and second filter circuits,
respectively, the first 5 and second look up, tables providing for parallel
filter tracking.
.AFe.AYh`.Al9.AY`.AY`R.AY`.Al{Ly.Al.LR.AlLy.AlALe.A9e.ALR.AlALR.ALR.AL.AUL.
A9.Ah`e.AhL.A&{Le.A9.AhL1D>Am p
*<?\~ytojd_YT]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]c
aU]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]cRaU]caU]ca >@i\ _ 



'(,-.qrVW
\]cd~ysnid_ZU]]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c^a]ca]ca]
ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca!dSSTbcbc~ytoje`[V]]]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca
]caU]ca]ca]ca]ca!Mab7y ,.>9{
!!"""a#b##$$$%}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%%Z&\&.(/((())3,5,"-.-0
-@---F...m//M0N0#122k2l2=333|wrmhc^Ynid_Z]]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]c^a]caU]ca]caU]ca
3E4F4w4445566777B999::::%;&;
;;;;*<-<><?<A<B<M<|wqlgb]Xnid_Z]]]]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU
]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca
M<N<<<<&=)=2=C===8>9>??@@BBKCMC@DBD}EEFFF$GGGG[H~ysnid^YTnid_]ca]caU]ca]ca]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU
]ca]ca]ca]ca]ca]ca
[HHHIIJJDKGKfKgKLLLLMMMNNOOOOOPPBQCQQQRRztoje_ZUnid_]]ca]caU]ca]ca]ca]caU]c
a]caU]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca]ca]
caU]ca]ca
RSSSS9T<TRUUUVVV>WWW6XvXXXXXXXYYYY][^[[[[[{upkfa\Wnid_]]]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca
]caU]ca]ca [\\]W]Z]F^^^______``````aaaaa b bb
cccc}wrmhb]Xnid_]]]]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca cCdFdze}effffffffggggh hhh
i#iQiRiviwibjejfkikkk}xsmhb]Xnid_]]]]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca
kmmnno/p0ppqq?r@rNrRrrrrrs
ssstttttuuvvww~xsnid_ZU]]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca
]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca!wwwwyyyyrzuzr{s{{{>|?
|}}}"~;
~~8HJ]^{vqlgb]X]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!]^&)0A{}/0{upje`[V]]]ca]ca]ca]
caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca!0<zw%]`|',/C,D5rs|wqlgb]X]]]]ca]ca]ca]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!)
*
'ijY|wrmhc^Y]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!23%(XYZ[orQT|wrmhc^Xmhc^Y]]]U]ca]
ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca
U]ca]ca]caU]ca]ca]ca]ca T58n58'e
v{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca!b$
v{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c]ca
]caU]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca ^<!$10%]]&'()-!!Y &10%&'()-!+Y &10%
&'()-
s10%::&'()-"10%&'()-L10%&'()-D}^<!Y%10%~~&'()-UY%10%&'()-UF96:10%&'()-M@x!1
0%&'()-!y&10%&'()-!l$10%NNNN&'()->m *<=>?\zodY7!@`f&10%&'()- 10 10
10>10%&'()-!NY%10%  &'()-U!SY%10%&'()-U!SY%10%zz&'()-U\>i\
zX6dY7!f4%10%EE&'()-!4%10%JJ&'()-F 10%&'()--!y y10%
&'()-!``f&10%ZZ&'()-!P`f&10%ZZ&'()-CwU3dY7!X|Y'10%&'()- "!J`Y'10%&'()-
"!Y'10%wPwP&'()- "!S`Y'10%&'()- "!`Y'10%&'()- "!\Y'10%&'()-
"C~rS4!10%&'()-910%&'()- 10 



10 10!S`Y'10%&'()- "`Y'10%&'()- "!Y'10%KK&'()-
"S}[9rS4!!s%10%@@&'()-3"!tl9&10%&'()-z!l9&10%LoLo&'()-z!ls%10%LL&'()-S10%&'
()-!910%&'()-wMwU6rS4!`s%10%'&'()-3"!X`s%10%OO&'()-3"!]`s%10%EE&'()-3"!`s%1
0%X X &'()-3"!V`s%10%&'()-3"!]`s%10%EE&'()-3"M7y }^SH=! 10 10 10Fy;
10%&'()-F8!10%&'()--F7&$10%&'()-!y`l1'10%  &'()-!l1'10%rr&'()- ,.>_=SH=!!l
:'10%&'()-[ l :'10%(&'()-[!!10%&'()-6
"`10%&'()-10%(&'()-`10%&'()-9{<~\:SH=!!X`#10%bb&'()-!#10%]]&'()-
#10%XPX&'()-)$10%&'()-!`9!10%rr&'()-@9!10%&'()-@< g
;!!{Y7SH=!!XF%`$10%]]&'()-!`F%`$10%]]&'()- F%`$10%gP
g&'()-!`#10%((&'()-`#10% &'()-!#10%kk&'()-!""#####wi[M=!!XF%`$10%] 10KK
10KK
10KK!``Y.s'10%KK&'()-!L`Y.s'10%55&'()-!Y.s'10%GG&'()-!`F%`$10%22&'()-#$$$$X
$Y$Z$iQ7=!Y@ (10%&'()-34(Y@ (10%&'()-34Y@
(10%&'()-343"`10%&'()-s10%&'()-`10%&'()-Z$$$$$$$%x^?=!Y@Y@ (10%&'()-34Y@
(10%&'()-34(Y@ (10%&'()-34Y@ (10%&'()-34(Y@
(10%&'()-34%%%W%X%Y%%%}^F=!Y@(Y@ 



(10%&'()-34Y@ (10%&'()-34(Y@ (10%&'()-34Y@ (10%&'()-34(%%%%%&&&u]C=!Y@Y@
(10%&'()-34(&Y@ (10%&'()-34)Y@ (10%&'()-34(&Y@ (10%&'()-34)Y@
(10%&'()-34&Y&Z&]&&&&&x^?=!Y@Y@ (10%&'()-34Y@ (10%&'()-34(Y@ (10%&'()-34Y@
(10%&'()-34(Y@ (10%&'()-34&&&'''"'#'}^F=!Y@(Y@ (10%&'()-34Y@ (10%&'()-34(Y@
(10%&'()-34Y@ (10%&'()-34(#'$']'^'a''''u]C=!Y@Y@ (10%&'()-34(&Y@
(10%&'()-34)Y@ (10%&'()-34(&Y@ (10%&'()-34)Y@ (10%&'()-34''''(((^(x^?=!Y@Y@
(10%&'()-34Y@ (10%&'()-34(Y@ (10%&'()-34Y@ (10%&'()-34(Y@ 



(10%&'()-34^(_(`((((((}^F=!Y@(Y@ (10%&'()-34Y@ (10%&'()-34(Y@ (10%&'()-34Y@
(10%&'()-34((($)%)&)f)g)h)u]C=!Y@Y@ (10%&'()-34(&Y@ (10%&'()-34)Y@
(10%&'()-34(&Y@ (10%&'()-34)Y@ (10%&'()-34h)))))))*x^?=!Y@Y@ (10%&'()-34Y@
(10%&'()-34(Y@ (10%&'()-34Y@ (10%&'()-34(Y@ (10%&'()-34**
*B*C*D***}^F=!Y@(Y@ (10%&'()-34Y@ (10%&'()-34(Y@ (10%&'()-34Y@
(10%&'()-34(*****+++u]C=!Y@Y@ (10%&'()-34(&Y@ (10%&'()-34)Y@
(10%&'()-34(&Y@ (10%&'()-34)Y@ (10%&'()-34+=+>+?+v+w+x++x^?=!Y@Y@
(10%&'()-34Y@ (10%&'()-34(Y@ 



(10%&'()-34Y@ (10%&'()-34(Y@ (10%&'()-34++++++2,3,}^F=!Y@(Y@ (10%&'()-34Y@
(10%&'()-34(Y@ (10%&'()-34Y@ (10%&'()-34(3,6,g,h,i,,,,u]C=!Y@Y@
(10%&'()-34(&Y@ (10%&'()-34)Y@ (10%&'()-34(&Y@ (10%&'()-34)Y@
(10%&'()-34,,,,--- -!-"-x_TI>Y@ 10 10 10Y@ (10%&'()-34(Y@ (10%&'()-34Y@
(10%&'()-34(Y@ (10%&'()-34"-.-0-@---F.|[:_TI> AsS&10%'&'()-- $10%>'>&'()--
Y@!10%'&'()-  Y "`10%'&'()- Ys10%'&'()- Y`10%'&'()-F..)/m//h0#1|[:_TI>
S$10%&&'()- $10%'&'()- Y3 10%'&'()-  Y`94%10%'&'()-` `94%10%L4%L&'()-`
94%10%&&'()-`#11&2\22=33|[:_TI>  Y0 (10%4'4&'()- L!Z%10%|2&|&'()-
`L!Z%10%x'x&'()-  `L!Z%10%$&'()-  `L!Z%10%r%&'()- YsL!Z%10%$&'()-3;
4w4444456vU4> `Lm%10%M'M&'()-4 Lm%10%C'C&'()-410'10'10'  Y 810%'&'()-- Y0 



(10%A&&'()-  `Y0 (10%9&9&'()-6N7778B99|[:vU4>  Jl&'10%$&'()- X`G%10%'&'()-
`G%10%'&'()-  YLm%10%&'()-4 `Lm%10%`o$`&'()-4
`Lm%10%e'e&'()-49:*<<#=$=%=&=C=|obU4> =*L&!10%'&'()-10%10%10% YY
:!10%%&'()-,  lN`l&'10%%&'()- ]O`l&'10%&&'()- TS`l&'10%'&'()-C========oO74>
'l'10%<&&'()-2l'10%<&&'()-2'll'10%<&&'()-2l'10%<&&'()-2
?PL&!10%<&&'()-==7>8>:>{>|>}>pX<4>
l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2}>>>>>>?
A?sW74>
l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2A?B?C???
???xX@4>
'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'??@@@D@E@F@pX<4>
l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2F@@@@@@@
AsW74>
l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2AAACADAE
AAAxX@4>
'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'AAAAABBBpX<4>
l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2BGBHBIBB
BBBsW74>
l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2BBBCC
CJCKCxX@4>
'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'KCNC^C_C`CCCCpX<4>
l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2CCCCCDD?
DsW74>
l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2?D@DCD|D
}D~DDDxX@4>
'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'DDDDD8E9E:EpX<4>
l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2:EzE|E}E
EEEEkK34>'l'10%<&&'()-2l'10%<&&'()-2l'10%<&&'()-2('l'10%<&&'()-2l'10%<&&'()
-2EEFFFDFEFFFpX<4>l'10%<&&'()-2'l'10%<&&'()-2l'10%<&&'()-2'l'10%<&&'()-2l'1
0%<&&'()-2FFFFFFFFF$GdC>l  PL!10%&&'()-  lL!10%'&'()-
<10<&10<&10<&l'10%<&&'()-2'l'10%<&&'()-2$GGG[HHJJ|[:dC> 'f`'10%$&'()-h
'X'10%$&'()-h "'10%!&'()-h lq 10%'&'()-- ` S&10%$&'()- O
S&10%'&'()-JKLMMNO|[:dC> `l1'10%&&'()-` l1'10%+&+&'()-` l'10%&'()-h
H@`'10%$&'()-h ?'10%N$&'()-h l`'10%#&'()-hOOOOOOPQQvU4> `s %10%l#&'()-# s
%10%)&)&'()-# PL&10%n%&'()- L&10%'&'()-10'10'10'
l8!10%'&'()-QS9TRUVV>W|[:vU4> ` l1M'10%L|%L&'()-@ `s %10%%&'()-# \s
%10%8'8&'()-# l`s %10%'&'()-# fs %10%8'8&'()-# us
%10%)')&'()-#>WW6XvXXXXXX|obU4> l910%'&'()-10'10'10' l;z10%'&'()-
l3:!10%'&'()- Sl74%10%'&'()-@ l4!10%K#&'()-@XXXYZ\]|[:bU4> l
k`F(10%4'4&'()- fF(10%4'4&'()- `F(10%8'8&'()- F(10%/&/&'()- lF"L10%'&'()-
l10%'&'()-]]F^^_`aa|[:-410'l X` k)l%10%'&'()- T` k)l%10%&&'()- O
k)l%10%'&'()- l (!10%'&'()- 5`9!%10% %&'()-` l9!%10%%&'()-`aaa b bb
cCdbA410'l  7,M'10%x'&'()-G4 7,M'10% %&'()-G4 l3"`10%x'&'()- l@10%x'&'()-
lL10%x'&'()-10'10'Cdzeefg ibj|[:A410'l @E`,M'10%x'&'()-G4
7N`,M'10%x'&'()-G4 @E`,M'10%&&'()-G4 <,M'10%&&'()-G4 ,M'10%X&'()-G4
7a`,M'10%x'&'()-G4bjckdkekfkkkklvU410 ls`3%10%'&'()- 3%10%g&'()-
DPL!10%.&&'()- TL!10%'&'()-10x'10x'10x' <I,M'10%x'&'()-G4l^mnyooqq|[:vU410
l 0E"$10%'&'()-& X"$10%'&'()-&D ,3%10%$&'()- 'X`3%10%'&'()- l`3%10%'&'()-
"3%10%'&'()-qNrsttttttvU410 l10%`$`&'()- lL10%`$`&'()-10['[10['[10['[
E`lS,'10%['[&'()-  (`lS,'10%Q'Q&'()-  lS,'10%>$>&'()- tttuvwx|[:vU410 l
34%10%$&'()-F l lG%10%`!`&'()- `G%10%"&'()- "G%10%"&'()- l,!10%`$`&'()-
lF"L10%`$`&'()-x:yyyrzl{{||[:vU410 l 5J`$Z%10%)#)&'()-`l $Z%10%&'()-`
5E`$Z%10%)\$)&'()-` ,$Z%10% $ &'()-` l`34%10%`n"`&'()-F  ']`34%10%$&'()-F
|}}}}}"~;~~vU410 '10%$&'()- l&10%$&'()- WPL!10%%&'()-
84L!10%x'&'()-108$8108$8108$8 DD`$Z%10%8$8&'()-`~8 I|[:vU410
'I`m%10%&&'()-9$l `m%10%Q#Q&'()-9$W lm%10%x'&'()-9$8 "]`m%10%&&'()-9$
m%10%x'&'()-9$ u`'10%x'&'()-Ix&)0vU410 l,10%'&'()- lS10%'&'()-
l`10%'&'()-10x'10x'10x' 5J`m%10%x'&'()-9$ 0E`m%10%x'&'()-9$0A|[:vU410 l
>s$10%w%w&'()-`l ` 



'10%\\&'()-l 7 ` '10%'&'()- 7  '10%%&'()- < > '10%&&'()-
l"L10%'&'()-8|[:vU410 l lY7M$10%'&'()-l :@`)$10%'&'()-l V)$10%d'd&'()-
l)$10%g&'()- M`&!10%'&'()- ~s$10%|'|&'()-`}~vU410 l 10%x'&'()-
l3"910%x'&'()- l10%x'&'()- lL10%x'&'()-Z10'10'10' lY 810%'&'()-@<2|[:vU410
l 'S$10%x'&'()- l $10%4x'4&'()- l lY Y10%x'&'()-l <  '10%&&'()- @
'10%x'&'()- lY `M10%x'&'()-zw|[:vU410 l l 37$10%x'&'()-l l 310%x'&'()--l
L0$10%G&G&'()--l `&Z%10%Gx'G&'()- W&Z%10%=%=&'()- `$10%G#G&'()-
%Z[\]|'vU410 lYL!10%K%&'()- P`&!10%K%&'()- l`&!10%K%&'()-10x'10x'10x' l f;
L10%x'&'()- l 810%x'&'()-,'?,/|[:vU410 l 7CY!10%w0$w&'()- l10%K%&'()-l l
10%K%&'()-- l f10%K%&'()-  F%10%K%&'()-:  F%10%$&'()-:C,D|[:vU410 l
l`0y10%K%&'()- 7>l9-'!10%wK%w&'()-l l  *10%K%&'()- lY%$10%K%&'()-
HY%$10%K%&'()- lx&!Y%10%K%&'()--5vU410 'PL!10%$&'()-
mL!10%'&'()-10K%10K%10K% l3 8M10%K%&'()- l`&3$10%"$&'()-
H&3$10%K%&'()-5'|Z9vU410  `$10%P'P&'()-,!'XF%10%&'()- F%10%G'G&'()-
F%10%8'8&'()- `s'10%&&'()-  s'10%#&'()-Y|[:vU410   lF 



110%'&'()-@ l`0:$10%'&'()- R*10%'&'()- ly)10%'&'()- 2HF% 10%'&'()-
l``$10%'&'()-,|[NA41010'10'10' l+,>10%'&'()-  lY y;10%'&'()- lY :`10%'&'()-
Y7:$10%U'U&'()- lY 410%'&'()- |[:NA41010 ]& $10%y!y&'()- H& $10%"%"&'()-
R`T 10%%&'()-/ l3"L10%F%F&'()- l10%F%F&'()- l`10%F%F&'()- Q|[:NA41010 l
Y%10%F$F&'()- "Z%10%%&'()-@ l 9!10%FB%F&'()- l 10%F%F&'()- lY`10%F%F&'()-
k& $10%!&'()-5n58|[:NA41010 l  410%F%F&'()-@ -Hl110%%&'()- l`010%F%F&'()- l
*m10%F%F&'()- ly) "10%F%F&'()- lY (10%F%F&'()-'evU410 l10%'&'()-
l910%'&'()-10F%F10F%F10F%F l  ;f10%F%F&'()- l :y 10%F%F&'()- lY710%F%F&'()-
|[:vU410 l l310%'&'()-l l10%'&'()- ll10%'&'()- `'10%H'H&'()- `'10%W&W&'()-
l!910%'&'()-v|[:vU410 l l#10%'&'()-@l ls&!$10%'&'()-- l310%'&'()-
l10%'&'()- l`fG%10%G"&'()- fG%10%B'B&'()-Cb|[:vU410 l l5S10%'&'()-l
l&3g10%'&'()-- `-m%10%m"m&'()- H-m%10%_X&_&'()- `(3%10%_'_&'()-
l(3%10%"&'()-$vU410 l,10%x'&'()- lL10%x'&'()-10'10'10' l:10%'&'()--
lF8!10%z&&'()- lF710%'&'()-|vU410 l,10%x'&'()- lL10%x'&'()-10 l &10%x'&'()-
'10%aG%a&'()-s '10%jx'j&'()-s l "L10%x'&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font>
!*1%:CLU^ehqz\d%3M<[HR[ckw0Tnopqrstuvwxyz{|}~\CM
!#Z$%%&&#''^((h)**++3,,"-F.#1369C==}>A??F@AABBKCC?DD:EEFF$GJOQ>WX]aCdbjlqtx
|~I0'5 6Times New RomanArialCourier New"h Root EntryWordDocument"
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


