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POSITION SENSOR

The present invention relates to a position sensor and
to parts therefor. The invention has particular although
not exclusive relevance to stylus input computer and
communication devices, particularly small, low cost
devices, such as personal digital assistants (PDAs),
mobile telephones, web browsers and combinations of
these. The invention has particular relevance where
those computer and communication devices are battery

powered.

Several pen or stylus sensing systems for computer input
exist. For example, US 4878553 and the applicant’s
earlier International application WO 00/33244 describe
inductive stylus position sensing systems which allow for
handwriting input, menu selection and other similar

applications.

In WO 00/33244, processing electronics in the computer
device generates an AC current, which is fed to an
excitation coil in a sensor board of the device. This
current generates an AC magnetic field that can couple
with a coil in the stylus. A capacitor is also provided
in the stylus connected in parallel with the coil to form
a resonator. The magnetic field from the sensor board
forces the resonator in the stylus to resonate. When the
AC current is removed from the excitation coil, the
résonator continues to resonate, with the amplitudé of
the oscillation decaying exponentially with time. This
generates similar decaying EMFs in sensor coils on the
sensor board, which are processed by processing
electronics to provide a position indication of the

stylus relative to the computer device.

PCT/GB02/02387
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In order to mimic the action of a conventional pen, the
system described in WO 00/33244 also detects when the
electronic stylus is pressed against a writing surface
of the device by arranging the stylus so that the stylus
resonator’s frequency varies as a function of pressure
applied to the nib of the stylus. The processing
electronics in the device can then detect the resonator
frequency in order to infer the nib pressure. In most
PDA and similar applications, only a "clicked" or
"unclicked" (i.e. stylus touching the writing surface or
not touching the writing surface respectively) indication

of nib pressure is required.

In WO 00/33244, the position processor normally operates
with a fixed excitation frequency which it uses to excite
the resonator in the stylus. The position processor then
detects the electrical phase of the return signal in
order to infer the pen resonator frequency. The
electronic stylus described in this earlier International
application is designed to provide a well-defined
difference between the clicked and unclicked frequency
(hereinafter the click-shift frequency). However, the
absolute value of those frequencies is variable between
styluses and the amount of variability may typically be
greater than the click-shift frequency. As a result, a
single measurement of the resonant frequency of the
stylus may be insufficient to determine whether it is

clicked or unclicked.

One possible solution to determine click status is to
perform a special tuning step before the stylus can be
used normally, such as requiring the user to put the
stylus into a known state (for example in the clicked
state by touching the stylus against the writing surface)

and to store the resonant frequency of the stylus in this
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state. In subsequent normal operation the stylus state
is reported as clicked if the resonator frequehcy is
measured close to the previously stored value and not
clicked if the difference is greater than a predetermined
threshold. However, such a tuning technique has the
drawback that it requires cooperation from the user.
Ideally, if tuning is to be performed, it should be done

in a manner that is transparent to the user.

Another solution to this problem would be for the
position processor to continuously track the position of
the stylus in order to predict when the stylus is in a
particular state, at which point 1its frequency is
measured and used as a reference. However, such
prediction is difficult and for low-powered devices (such
as hand-held battery-powered devices) requires excessive
power to be drawn from the battery if the stylus is to
be tracked continuously. Further, without continuous
tracking, it is difficult to detect the condition where
a user swaps between two styluses with different
frequencies (which might occur if several styluses are
provided each associated with a different function, such
as writing and erasing).

Another problem associated with the stylus design
described in WO 00/33244 is that the resonant frequency
of the stylus can reduce significantly if the stylus is
rested flat on the writing surface, due to magnetic
screening used behind the sensor board of the hand-held
device. In this case, the processor may erroneously
report that the stylus has been clicked.

Some of these problems would be overcome in the stylus
described in WO 00/33244 by simply increasing the click-
shift frequency. However, with the design of stylus

PCT/GB02/02387
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described in WO 00/33244, this would require significant
movement of the nib of the stylus between the clicked and
unclicked states which would feel unacceptably large for

users.

According to one aspect, the present invention provides
a system which does not require a special tuning step.
The stylus is designed so that its unclicked resonant
frequency will always lie within a predefined "unclicked
frequency band" and so that its <clicked resonant
frequency will always lie within a "clicked frequency
band". The processing electronics then measures the
frequency of the stylus and reports clicked if that
measurement exceeds the decision frequency and unclicked
if it is lower than the decision frequency. In the
preferred embodiment, this is achieved whilst maintaining
a relatively small nib-click distance (i.e. the distance
the nib has to move between the clicked and unclicked
states) so that the writing action of the stylus is

similar to that of a conventional pen.

In an alternative embodiment, the stylus design may be
arranged so that the frequency shifts in a downward
direction when pressure is applied to the nib. However,
an increase in frequency is preferred so that a stylus
resting on the writing surface is not reported as being
clicked due to significant resonant frequency reduction
caused by the screening material used in the sensor

board.

In a preferred embodiment, the styluses are designed so
that their clicked and unclicked frequencies lie within
a "free space clicked resonant frequency band" and "free
space unclicked resonant frequency band" that are

narrower than the “clicked frequency band" and "unclicked
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frequency band" discussed above, so that the resonant
frequency of the stylus can change over time with changes
in temperate and due to the proximity of the stylus to

conductive or magnetically permeable objects.

In the main embodiment described below, a new stylus is
described which can operate in the above manner.
Further, a new set of digitiser windings are described
which are preferably used with the stylus. A novel two-
stage measurement process is also described for measuring
the resonant frequency of the stylus and for determining
the position of the stylus relative to the digitising
tablet.

Various other aspects of the present invention will
become apparent from the following detailed description
of a preferred embodiment in which:

Figure 1 is a schematic view of a hand-held personal
digital assistant (PDA) which includes an x-y digitising
system located behind the PDA’s liquid crystal display
which can sense the (x,y) position of a resonant stylus;

Figure 2 schematically illustrates a cross-sectional view
of the personal digital assistant shown in Figqure 1,
illustrating the positional relationship between a sensor
printed circuit board of the digitising system and the
liquid crystal display;

Figure 3a 1is a schematic functional block diagram
illustrating the excitation and processing electronics
of the x-y digitising system and illustrating the
magnetic coupling between an excitation winding of the
digitising system and the resonant stylus and the
magnetic coupling between the resonant stylus and four
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sensor windings which form part of the digitising system;

Figure 3b is a timing plot illustrating the form of
various signals within the x-y digitising system shown
in Figure 3a during an excitation and receive cycle;

Figure 4a schematically illustrates an approximation of
the way in which the peak amplitude of the signals
induced in x-sensor windings of the digitising system
vary with the x-coordinate of the position of the stylus
relative to the liquid crystal display;

Figure 4b schematically illustrates an approximation of
the way in which the peak amplitude of the signals
induced in y-sensor windings of the digitising system
vary with the y-coordinate of the position of the stylus

relative to the liquid crystal display;

Figure 5a illustrates the form of a sin x sensor winding
of the digitising system which forms part of the personal
digital assistant shown in Figure 1;

Figure 5b illustrates the form of a cos x sensor winding
of the digitising system which forms part of the personal

digital assistant shown in Figure 1;

Figure 5c illustrates the form of a sin y sensor winding
of the digitising system which forms part of the personal
digital assistant shown in Figure 1;

Figure 5d illustrates the form of a cos y sensor winding
of the digitising system which forms part of the personal

digital assistant shown in Figure 1;

Figure 5e shows a top layer of a printed circuit board

PCT/GB02/02387
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which carries the windings shown in Figures 5a to 5e;

Figure 5f shows a bottom layer of the printed circuit
board which carries the windings shown in Figures 5a to
5¢e;

Figure 6 1is a plot illustrating the way in which the
resonant frequency of the stylus changes with the gap
between the stylus and the writing surface;

Figure 7a is an exploded perspective view of the resonant

stylus shown in Figure 1;

Figure 7b is a cross-sectional view of the resonant
stylus shown in Figure 1;

Figure 8a is a cross-sectional view of part of the
resonant stylus shown in Figure 7b in an unclicked state,
illustrating the positional relationship between a nib,
a ferrite core and a coil forming part of the resonant
stylus and showing magnetic field lies passing from the
ferrite core around the coil in the unclicked state;

Figure 8b is a cross-sectional view of part of the
resonant stylus shown in Figure 7b in a clicked state
showing the positional relationship between the nib,
ferrite core and coil of the resonant stylus and showing
magnetic field lines passing from the ferrite core around
the coil in the clicked state;

Figure 9 is a plot illustrating the percentage frequency
change of the resonant frequency with gap between the

ferrite rod and the split washer;

Figure 10 is a diagrammatical view of test equipment used

PCT/GB02/02387
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to test the resonant frequency of the stylus during
manufacture to ensure that the clicked and unclicked
resonant frequencies fall within required tolerances;

Figure 11 is a frequency plot illustrating a required
unambiguous frequency detection range required of the
positioning system and illustrating the range over which
the resonant frequency of the stylus may vary between the
clicked state and the unclicked state;

Figure 12 is a block diagram illustrating the functional
modules forming part of a digital processing and signal
generation unit forming part of the excitation and

processing electronics shown in Figure 3a;

Figure 13 is a plot illustrating the way in which the
electrical phase of the sensor signals varies with the
difference in frequency between the resonant frequency
of the stylus and the excitation frequency;

Figure l4a is a partial cross-sectional view illustrating
an alternative arrangement of the stylus in an unclicked
state;

Figure 14b 1is a partial cross-sectional view of the

stylus shown in Figure l4a in the clicked state;

Figure 15a is a partial cross-sectional view of an
alternative stylus in an unclicked state;

Figure 15b is a partial cross-sectional view illustrating
the stylus shown in Figure 15a in the clicked state;

Figure 16 is a partial cross-sectional view of an

alternative stylus whose resonant frequency can be varied

PCT/GB02/02387
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at the time of manufacture using an adjustable pin;

Figure 17 is a partial cross-sectional view of another
alternative stylus whose resonant frequency can be varied
at the time of manufacture using a spacer having a

selected thickness;

Figure 18 is a partial cross-sectional view of a stylus
illustrating the way in which the resonant frequency of
the stylus may be varied at the time of manufacture by
adding an additional length of ferrite rod;

Figure 19 is a plot illustrating the way in which the
resonator frequency changes with capacitor value with a
fixed number of coils and with the number of coils being
varied to maintain a relatively fixed resonator
frequency;

Figure 20 is a plot illustrating the number of turns of
conductor required on a coil forming part of the resonant
stylus to maintain a given resonant frequency in
dependence upon a measured value of the capacitance of
a capacitor forming part of the resonant stylus; and

Figure 21 1is a perspective view showing a mobile
telephone having a liquid crystal display and a
digitising system under the display which is operable to
sense the position of a resonant stylus relative to the
display.

Overview of Digitising System

Figure 1 shows a hand-held battery-powered personal
digital assistant (PDA) 1 which employs an x-y digitising
system (not shown) which is located beneath a liquid
crystal display 3 of the PDA 1. The x-y digitising

PCT/GB02/02387
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system is operable to detect the presence and x-y
position of a resonant stylus 5 relative to the LCD 3.
The position signals output from the digitising system
are used by the PDA 1 to control information that is
displayed on the LCD 3 and to control the operating
function of the PDA 1. As shown, the PDA 1 also includes
a number of push buttons beneath the LCD 3 including an
on-off button 7 and a number of control buttons 9-1 to
9-4 which are used to control different functions of the
PDA 1.

Figure 2 shows a cross-sectional view on A-A of the PDA
1 shown in Figure 1. As shown, the PDA 1 includes a
liquid crystal display 3 which, in this embodiment, is
between 1.5mm and 3mm thick. Beneath the LCD 3, there
is an electroluminescent backlight 11 for providing a
backlight for the LCD 3. In this embodiment, this
backlight layer 11 has a thickness of approximately
150um. Beneath these layers, there is a 0.2mm thick
sensor printed circuit board (PCB) 13 which forms part
of the above-mentioned x-y digitising system. This
sensor PCB 13 carries the excitation winding and the
sensor windings used for sending signals to and receiving
signals from the resonant stylus 5. Beneath the sensor
PCB 13 there is a printed circuit board 15 which carries
the electronics for controlling the functions of the PDA
and the digitiser electronics for processing the signals
received from and controlling the signals sent to the
windings on the sensor PCB 13.

As shown in Figure 2, in this embodiment, a grounded
electrostatic screen 17 is provided between the sensor
printed circuit board 13 and the electroluminescent
backlight 11 in:order to reduce noise from the liquid
crystal display 3 and the backlight 11 from interfering

PCT/GB02/02387
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with the x-y digitising system. In this embodiment, this
electrostatic screen is formed from a continuous layer
of carbon ink which is approximately 10um thick and has
a relatively high surface resistivity (e.g. > 1 ohm per
square) so that it does not interfere with the magnetic
sensing function. Further, as shown in Figure 2, beneath
the sensor PCB 13 is a 50um layer of pressure sensitive
adhesive 19 for bonding the sensor PCB 13 onto a magnetic
screen 21, which in this embodiment is a 25um layer of
spin melt ribbon (for example Vitrovac 6018 manufactured
by Vacuumschmelze, Hanau, Germany). As those skilled in
the art will appreciate, the magnetic screen 21 is
provided in order to reduce any disturbance which may be
caused to the x-y digitising system by, for example, the
electronics behind the sensor PCB 13. It also enhances
the sensitivity of the x-y digitising system since it
provides a permeable path for magnetic flux to pass
behind the sensor windings on the sensor PCB 13. As
shown in Figure 2, encasing these layers and providing
mechanical support is an outer casing 23 which is made,
in this embodiment, from plastic.

Figure 3a schematically illustrates a functional block
diagram of the digitising system’s processing electronics
and Figure 3b illustrates some of the signals in the
digitising system during an excitation and receive cycle.
Figure 3a also illustrates the way in which the
excitation winding and the sensor windings interact with
the resonant stylus 5. | In particular, Figure 3
schematically shows an excitation winding 29, two x-
sensor windings 31 and 33 for sensing x position and two
y-sensor windings 35 and 37 for sensing y position. Each
of these windings is formed by printed conductors on the
sensor PCB 13. > As will be explained in more detail
below, the sensor windings 31, 33, 35 and 37 used in this

PCT/GB02/02387
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embodiment are periodic and are in spatial phase
quadrature relative to each other. Therefore, in the
following description x-sensor winding 31 will be
referred to as the sin x sensor winding, x-sensor 33 will
be referred to as the cos x sensor winding, y-sensor
winding 35 will be referred to as the sin y sensor
winding and y-sensor winding 37 will be referred to as
the cos y sensor winding. As illustrated by the arrows
39, these windings are operable, in use, to couple
magnetically with a resonant circuit 41 (comprising a
capacitor 43 and an inductor coil 45) in the resonant
stylus 5.

In operation, an excitation current is applied to the
excitation winding 29 through an excitation driver 51.
In this embodiment, the excitation current comprises a
sequence of positive and negative pulses having a
fundamental frequency component (F,) of approximately
100kHz, which is approximately the resonant frequency of
the resonant circuit 41. This excitation signal is
generated by a variable frequency generator 53 which
generates an appropriate excitation voltage which is
applied to the excitation driver 51 through a switch 55.
In this embodiment, the frequency of the excitation
voltage generated by the generator 53 1is set by an
excitation/receive frequency control circuit 57 which
forms part of a digital processing and signal generation
unit 59. As those skilled in the art will appreciate,
by using such a variable frequency generator 53, the
digitising system can be reconfigured to operate with a
stylus having a different resonant frequency.

The excitation current flowing in the excitation winding
29 generates a ceorresponding electromagnetic field which
magnetically couples, as indicated by the arrow 39-1,

PCT/GB02/02387
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with the resonant circuit 41 and causes it to resonate.
In this embodiment, the excitation winding 29 is arranged
to keep the coupling with the resonator as constant as
possible with the x-y position of the stylus relative to
the LCD 3. When the resonator 41 is resonating, it
generates its own electromagnetic field which
magnetically couples, as represented by the arrows 39-2,
39-3, 39-4 and 39-5, with the sensor windings 31, 33, 35
and 37 respectively. As will be explained in more detail
below, the sensor windings 31, 33, 35 and 37 are designed
so that the coupling between them and the resonant stylus
varies with the x or y position of the stylus and so that
there is minimum direct coupling between them and the
excitation winding 29. Therefore, the signal received
in the sensor windings should only vary with the magnetic
coupling between the resonator 41 and the respective
sensor winding. Consequently, by suitable processing of
the signals received in the sensor windings, the x-y
position of the resonator 41, and hence of the resonant
stylus 5, can be determined relative to the sensor

windings.

In this embodiment, the excitation current is not
continuously applied to the excitation winding 29.
Instead, bursts of the excitation current are applied,
with the application of the excitation bursts being
controlled by opening and closing the switch 55. As
shown in Figure 3a, this is controlled by an excitation
gate controller 61 which forms part of the digital
processing and signal generation unit 59. In this
embodiment, in order to reduce the effect of any
breakthrough from the excitation winding 29 to the sensor
windings, the signals induced in the sensor windings are
only detected between the bursts of the excitation
current. This is achieved by controlling the positions
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of switches 63 and 65 with the receive gate controller
67 which forms part of the digital processing and signal
generation unit 59. This mode of operation is referred
to as pulse echo and works because the resonator 41
continues to resonate after the burst of excitation
current has ended. This mode of operation also minimises
power consumption of the digitiser.

Figure 3b shows the excitation gate signal 30-1 applied
to the switch 55; the excitation voltage 30-2 applied to
the excitation winding 29; the receive gate signal 30-3
applied to the switches 63 and 65 and a typical voltage
30-4 induced in one of the sensor windings. In this
illustration, sixteen excitation cycles (counting the
start and end pulses as halves) are applied to the
excitation winding 29 which energises the resonator 41
in the stylus 5 which in turn induces a signal such as
30-4 in each of the sensor windings. As a result of the
periodic nature of the sensor windings and their relative
positions, the four signals induced in the four sensor

windings from the resonant circuit 41 can be approximated

by:
_ AP 2705.
E,, = Ae mn—z—coq%d%t+e] (1)
L x 4
E, :Ae”“umg%fcoﬂhd%t+®] (2)
X
Ey :Aeﬂ”ﬁngﬂiumpnFJ+®] (3)
L L)’ J
E = 4 ~tlt 27'[_)1
5, = Ae am-z—COQ%dﬂt+®] (4)
~ L Y]

where A is a coupling coefficient which depends upon,
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among other things, the distance of the stylus 5 from the
windings and the number of turns in the sensor windings;
X is the x-position of the resonant stylus relative to
the sensor windings; y is the y-position of the resonant
stylus relative to the sensor windings; L, is a spatial
wavelength of the sensor windings in the x-direction and
is typically slightly greater than the width of the board
in the x-direction (and in this embodiment is 97mm); L,
is a spatial wavelength of the sensor windings in the y-
direction and is typically slighter greater than the
width of the board in the y-direction (and in this
embodiment is 87mm); e*/" is the exponential decay of the

resonator signal after the burst of excitation signal has

ended, with 1 being a resonator constant which depends
upon, among other things, the quality factor of the
resonant circuit 41; and o is an electrical phase shift
caused by a difference between the fundamental frequency
of the excitation current and the resonant frequency of
the resonator 41. In this embodiment, the resonant
stylus 5 is designed so that its resonant frequency
changes with the pressure applied to the tip of the
stylus. This change in frequency causes a change in the
phase shift o.

As can be seen from equations (1) to (4), the peak
amplitude of the signals induced in the sensor windings
vary as the sin or cos of either the x or y position.
This is illustrated in Figures 4a and 4b. In particular,
Figure 4a illustrates the way in which the peak amplitude
of the signal induced in sensor winding 31 and the way
in which the signal induced in sensor winding 33 varies
with the x-position of the resonant stylus relative to
the sensor windings and Figure 4b shows the way in which
the peak amplitude of the signals induced in sensor
winding 35 and sensor winding 37 vary with the y-position

PCT/GB02/02387



10

15

20

25

30

35

WO 02/103622 PCT/GB02/02387

16

of the resonant stylus relative to the sensor windings.
As shown in Fiqure 4, the pitch (L,) of the windings in
the x-direction is greater than the pitch (L,) of the
windings in the y-direction. This is because, in this
embodiment, the measurement area is rectangular.

Therefore, as those skilled in the art will appreciate,
both the x-y position information of the resonant stylus
5 and the phase shift o can be determined from the
signals induced in the sensor windings by suitable
demodulation and processing. As shown in Figure 3a, this
demodulation is achieved by mixing the received signals
with the excitation voltage generated by the variable
frequency generator 53 in the mixers 69-1 to 69-8. 1In
this embodiment, an in-phase component 30-5 and a
quadrature phase component 30-6 (shown in Figure 3b) of
the excitation signal are mixed with the signal induced
in each of the sensor windings. This generates an in
phase (I) component 30-7 and a quadrature phase (Q)
component 30-8 of each of the demodulated signals. 1In
this embodiment, the in phase components 30-7 of the
demodulated signals from all the sensor windings are used
to determine the position information and the in phase
and quadrature phase components of the demodulated
signals are used to determine the electrical phase shift
(i.e. @). As shown in Figure 3a, the output from these
mixers 69 are input to a respective integrator 71-1 to
71-8 which, after being reset, integrate the outputs from
the mixers over a time period which is a multiple of 1/F,
(in order to remove the effect of the time varying
components output by the mixer). In this embodiment, the
integration time is controlled by using the receive gate
signal 30-3 (which in the illustration allows for the
integration to be performed over sixteen excitation

periods or cycles). The following equations approximate
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the outputs from the integrators 71-1 to 71-4:

sin x [ = Alsh13%?£ C0S@ (5)

. [omx] .

sin x QO =A‘mn—z— sin@ (6)
N

cos x I = AlcoszL—mC C0So (7)

X

sine (8)

cos_x_( = A cos 22“

X

where A, is a constant which varies with, among other

things, the constant A, the resonator 1t and the
integration period. Similar signals are obtained from
integrators 71-5 to 71-8, except these vary with the y-
position rather than with the x-position. Figure 3b also
illustrates the output voltage 30-9 from one of the in-
phase integrators and the output voltage 30-10 from one
of the quadrature phase integrators.

As shown in Figure 3a, the outputs from the integrators
71 are input to an analogue-to-digital converter 73 which
converts the outputs into digital values which are input
to the A to D interface unit 75 in the digital processing
and signal generation unit 59. The digital processing
and signal generation unit 59 then performs an arc
tangent function (atan 2) on the ratio of the sin_x_I
signal and the cos _x I signal to determine the x-position
of the resonant stylus 5 and similarly performs an arc
tangent function on the ratio of the sin_y I signal and
the cos_y I to determine the y-position of the resonant
stylus 5. The digital processing and signal generation

unit 59 also calculates an arc tangent function on the
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ratio of the quadrature phase component to the in phase
component of the signals from the same sensor windings,
in order to determine the electrical phase angle o.

As shown in Figure 3a, the in phase and quadrature phase
component for the signal induced in each of the sensor
windings is calculated. This is because, at certain x
and y positions, the ratio of the in phase and quadrature
phase components from some of the sensor windings will
not be reliable. This occurs when the sin or cos
position components are approximately zero. Therefore,
in this embodiment, the digital processing and signal
generation unit 59 determines the electrical phase angle
@ using a weighted combination of the in phase and
quadrature phase signals from both the sin and cos
windings, where the weighting used varies in dependence
upon the determined x and y position of the stylus 5.
The processing electronics then uses this electrical
phase angle measurement to determine if the tip of the
stylus 5 has been brought down into contact with the
writing surface of the PDA 1. The way in which this is
achieved will be described in more detail later.

Returning to Figure 3a, after the digital processing and
signal generation unit 59 has determined the current x-y
position of the resonant stylus 5 and determined whether
or not the stylus 5 has been brought into contact with
the LCD 3, it outputs this information to the PDA
electronics through the interface unit 77. This
information 1is then used by the PDA electronics to
control information displayed on the LCD 3 and the PDA’s
mode of operation. In this embodiment, the digital
processing and signal generation unit 59 is operable to
perform the abowe calculations approximately 100 times
per second when the stylus is in the vicinity of the PDA.
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However, when the system detects that the stylus is not
present, it initially enters a standby state in which the
above excitation and processing is performed
approximately 20 times per second. After a predetermined
length of time in this standby state, the system enters
a sleep state in which the above calculations are
performed approximately 2 times per second. Once the
presence of the stylus is detected again, the processing
resumes at the 100 times per second rate.

A brief description has been given above of the way in
which the digitiser system of the present embodiment
determines the x-y position of the resonant stylus 5
relative to the sensor windings. The particular form of
excitation and sensor windings used and the particular
resonant stylus 5, digital processing and excitation
circuits used in this embodiment will now be described
in more detail.

Digitiser Windings

The excitation winding 29 used in this embodiment is
formed by two turns of rectangular conductor on each side
of the sensor PCB 13 which are connected in series at
through holes or vias. In this embodiment, the excitation
winding 29 is wound around the outside of the sensor
windings (not shown) at the edge of the sensor PCB 13.

Figure 5a shows the printed conductors which form the sin
X sensor winding 31. The printed conductors on the top
layer of the sensor PCB 13 are shown as solid lines
whilst those on the bottom layer are shown as dashed
lines. As shown, the conductor tracks which extend
substantially in the x-direction are provided on the top
layer of the sensor PCB 13 and those which extend

substantially in the y-direction are provided on the
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bottom layer of the sensor PCB 13 and the ends of the
conductor tracks on the top layer are connected to the
ends of the conductor tracks on the bottom layer at the
via holes, some of which are labelled 97. Figure 5a also
shows the two connection pads 105 and 107 which are
provided for connecting the sin x sensor winding 31 to

the digitiser electronics.

The conductor tracks of the sin x sensor winding 31 are
connected to form two sets of loops 32-1 and 32-2 which
are arranged in succession along the x-direction, with
each loop extending along the x-direction and being
connected in series so that an electromotive force (EMF)
induced in loops of the same set by a common background
alternating magnetic field add together and so that EMFs
induced in the first set of loops 32-1 by a common
background alternating magnetic field oppose the EMFs
induced in the second set of loops 32-2. As shown in
Figure 5a, in this embodiment, there are four loops in
each set of loops 32-1 and 32-2 and each set of loops is
arranged to enclose a similar area. Therefore, any EMFs
induced in the loops of the first set 32-1 by such a
background magnetic field will substantially cancel out
with the EMFs induced in the loops of the second set 32-
2. However, as those skilled in the art will appreciate,
if a point magnetic field source (or something similar
such as the resonant stylus) is moved across the sensor
winding 31 along the x-direction, then the magnetic
coupling between the point source and the sensor winding
31 will vary with the x-position of the point source.
As a result of the "figure-of-eight" connection between
the two sets of loops 32-1 and 32-2, this variation with
x-position can be approximated to be sinusoidal. As
those skilled in the art will appreciate, it is because

of this approximate sinusoidal variation that the signal
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induced in the sensor winding 31 by the resonant stylus
5 has a peak amplitude which approximately varies as the
sine of the x-position of the stylus 5 relative to the

sensor winding 31.

Figure 5b shows the printed conductors which form the cos
X sensor winding 33. Again, the printed conductors on
the top layer of the sensor PCB 13 are shown as solid
lines whilst those in the bottom layer as shown as dashed
lines. As with the sin x sensor winding 31, most of the
conductor tracks which extend in the x-direction are
provided on the top layer of the sensor PCB 13 and most
of those which extend in the y-direction are provided on
the bottom layer of the sensor PCB 13 and the ends of the
conductor tracks on the top layer are connected to the
ends of the conductor tracks on the bottom layer at the
via holes, some of which are labelled 97. Figure 5b also
shows the two connection pads 109 and 111 which are
provided for connecting the cos x sensor winding 33 to
the digitiser electronics.

The conductor tracks of the cos x sensor winding 33 are
connected to form three sets of loops 34-la, 34-2 and 34-
lb which are arranged in succession along the x-
direction, with each loop extending along the x-direction
and connected in series so that an EMF induced in loops
of the same set by a common background alternating
magnetic field add together and so that EMFs induced in

‘the first and third set of loops 34-la and 34-1b by a

common background alternating magnetic field oppose the
EMFs induced in the second set of loops 34-2. As with
the sin x winding, there are four loops in each set of
loops and the loops in the second set of loops are
arranged to enclose a similar area to the combined area
enclosed by the loops in the first and third set of
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loops. As a result, EMFs induced in the loops by a
background magnetic field will substantially cancel out
with each other. However, as with the sin x sensor
winding, when the resonant stylus 5 is moved across the
sensor winding 33 along the x-direction, the magnetic
coupling between the resonant stylus 5 and the cos x
sensor winding 33 varies with the x-position of the
stylus 5. As a result of the alternating sense of
conductor loops, this variation with x-position can be
approximated to be sinusoidal. However, since the sets
of loops of the cos x sensor winding 33 are shifted in
the x-direction by a quarter of the winding pitch (L,),
the sinusoidal variation will be in phase quadrature to
the variation of the sin x sensor winding 31. As a
result, the signal induced in the sensor winding 33 by
the resonant stylus 5 has a peak amplitude which
approximately varies as the cosine of the x-position of
the stylus 5 relative to the sensor windings.

Figures 5c and 5d show the printed conductors which form
the sin y sensor winding 35 and the cos y sensor winding
37. As shown in these Figures, these sensor windings are
similar to the sin x and cos x sensor windings except
they are rotated through 90°. As shown in Figures 5c and
5d, the sin y sensor winding 35 shares the connection pad
107 with the sin x sensor winding 31 and the cos y sensor
winding 37 shares the connection pad 111 with the cos x
sensor winding 33. The other ends of the sin y and cos
y sensor windings are connected to connection pads 113
and 115 respectively. Figure 5e shows the top layer 98-t
of printed conductors and Figure 5f shows the bottom
layer 98-b of printed conductors of the sensor PCB 13,
which together form the sensor windings 31, 33, 35 and
37. In the cdircuit board shown in Figure 5, the

conductor tracks have a width of approximately 0.15mm and

PCT/GB02/02387



10

15

20

25

30

35

WO 02/103622 PCT/GB02/02387

23

the minimum gap between adjacent tracks is approximately
the same. Although it is possible to employ finer tracks
and gap distances on the PCB, this increases cost due to
additional manufacturing precision and lower

manufacturing yields.

Design of Sensor Windings

As those skilled in the art will appreciate, the design
of the sensor windings is one of the most critical
aspects of the digitiser. The design involves, for a
given area of printed circuit board, maximising the
digitising area and the accuracy of and the signal levels
from the sensor windings. As will be apparent to those
skilled in the art, an important aspect of the x-
direction sensor windings 31 and 33 are the x-positions
of the conductor tracks of the windings 31 and 33 which
extend in the y-direction. Similarly, an important
aspect of the design of the y-position sensor windings
35 and 37 is the y-position of the conductor tracks of
the windings 35 and 37 which extend in the x-direction.
In the following discussion, these conductors will be
referred to as the primary sensing conductors and the
tracks which connect the ends of these primary sensing
conductors to other primary sensing conductors will be
referred to as the connecting conductors. For
illustration, some of the primary sensing conductors are
indicated by reference numerals 31-p, 33-p, 35-p and 37-p
and some of the connecting conductors are indicated by
reference numerals 31-c, 33-c, 35-c and 37-c in Figures
5a to 5d.

As can be seen from Figures 5a to 5d, the most striking
feature of most of the primary sensing conductors is
their irregular form with multiple bends or kinks as they
extend from one side of the sensor board 13 to the other.
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In all prior art systems that the applicant is aware of,
these primary sensor windings are formed by substantially
straight parallel lines. However, the applicant has
found that the use of such irregular shaped primary
sensing conductors can surprisingly result in more

accurate position sensing by the digitiser electronics.

These irregqgular primary sensing conductors can provide
accurate position sensing because positional errors
caused by irreqularities or bends of the primary sensing
conductors of the sine winding can be compensated by
complementary irregqularities or bends in the primary
sensor conductors of the cosine winding. These errors
then cancel with each other when the arc tangent function
is calculated by the digitiser electronics, thereby
giving a more accurate position measurement.

There are various ways in which the design of the sensor
windings shown in Figures 5a to 5d can be made. For
example, the position and direction of each of the
primary sensing conductors may be manually changed using
an iterative trial and error technique wuntil an
appropriate design is found which provides the required
position sensing accuracy. However, as those skilled in
the art will appreciate, such a manual trial and error
technique would be highly time-consuming and computer-
assisted optimisation techniques can be used to assist
in the design of the windings. 1In order to work, such
a computer-assisted system would have to include a
mathematical model of the physical interaction between
at least the resonator and the sensor windings and the
processing performed by the electronics. In such an
embodiment, the model would also preferably include
details of the interaction between the excitation winding

and the sensor windings so that the design of the sensor
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windings can be chosen to minimise the direct coupling
with the excitation winding. An initial starting point
design would be provided (such as the design of the
windings described in the applicant’s earlier
international application WO 00/33244) with the objective
of the optimisation being to vary the position of at
least the primary sensing conductors in order to maximise
the position sensing accuracy of the sensor over the
entire measurement area. Various constraints may be
provided in order to constrain the "solutions" provided
by the computer system. For example, a limit may be
placed on the number of vias that can be used or
different tolerances of position sensing accuracy may be
defined for different regions of the sensor board (such
as requiring more accurate position sensing in the centre
of the board than at the edges or corners of the sensor
board).

Stylus

The stylus 5 of the present embodiment overcomes a number
of problems with previous styluses which have been
proposed and in particular the stylus proposed in WO
00/33244 described above. The stylus 5 is also designed
to be sufficiently compact for space-critical
applications such as the hand-held PDA 1 of the present
embodiment. As mentioned above, the resonant stylus 5
in this embodiment comprises a resonant circuit 41 which
includes an inductor coil 45 and a capacitor 43. The
resonant stylus 5 is also designed so that the resonant
frequency of the resonant circuit 41 changes when the tip
of the stylus 5 is brought down into contact with the
writing surface of the digitising system.

Figure 6 shows a plot 10 illustrating the way in which
the resonant frequency of the stylus 5 used in this
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embodiment changes with the gap between the stylus 5 and
the writing surface of the PDA 1. As shown, as the
stylus 5 is brought closer to the writing surface, the
resonant frequency of the stylus 5 decreases (due to the
detuning effect of the magnetic screen 21) to a value of
f,. at the point where the nib 159 of the stylus 5
touches the writing surface of the PDA 1. As pressure
is applied to the nib, the nib is pushed back into the
stylus body into its clicked state, at which point the
resonant frequency of the stylus has increased to f..
Therefore, by comparing the measured resonant frequency
of the stylus 5 with a threshold frequency (f..), the
processing electronics can determine whether or not the
stylus 5 is in its clicked state or unclicked state. As
can be seen from Figure 6, the change in resonant
frequency between the unclicked and clicked states must
be greater than the change in frequency caused by the
detuning effect of the magnetic screen 21. Therefore,
in this embodiment, the stylus 5 is designed to provide
a change in resonant frequency of approximately 10%
between the unclicked and clicked states. The stylus 5
is also designed so that this change in frequency can be
achieved while keeping to a minimum the distance over
which the nib of the stylus 5 must travel between the
clicked and unclicked states.

The particular structure of the resonant stylus 5 used
in this embodiment which achieves these functions will
now be described with reference to Figures 7 to 9.

Figure 7a shows an exploded view of the components of the
resonant stylus 5 used in this embodiment. As shown, the
stylus 5 comprises a hollow front body portion 152 and
a hollow rear body portion 154 which house: the resonant

circuit 41 comprising the inductor coil 45 and the
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capacitor 43; a 2mm diameter ferrite rod 153; a plastic
sleeve 155 having an inner diameter of 2.1lmm and an outer
diameter of 2.2mm; a split washer 157; a nib 159; and a
spring 163. The coil 45 is manufactured from self-
bonding enamelled copper wire for low-cost by eliminating
a coil former. The ends of the coil 45 are welded to the
side of a surface mount capacitor 43 to form the resonant
circuit 41. The plastic sleeve 155 having a thin wall
section (of approximately 50 microns) made from spirally
wound and bonded plastic sheet fits inside the coil 45
and acts as a bearing surface for the ferrite rod 153 and
prevents the ferrite rod 153 from rubbing against the
capacitor 43 during use. The plastic sleeve 155 has a
much thinner cross-section than can be achieved with an
injection-moulded component, thereby enabling higher
resonator Q-factor and hence lower system power
consumption.

In this embodiment, the pen is manufactured as follows.
The plastic sleeve 155 is pressed into the coil 45 and
glued in place. This assembly is then placed into a jig
(not shown) where the capacitor 43 is offered up and held
in position. The wire ends of the coil 45 are positioned
either side of the capacitor 43 and are welded in place
by a welding head (not shown). The nib 159 component is
dropped into the front body portion 152, followed by the
split washer 157 and the coil assembly. The ferrite rod
153 is then dropped into the plastic sleeve 155. The
spring 163 is then dropped into the rear body portion 154
and the forward body portion 152 and the rear body
portion 154 are connected together and glued in position.

During the step of glueing the rear body portion 154 to
the front body portion, the front body portion 152 and
the rear body portion 154 are forced tightly together so
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that the neck portion 166 forces the coil 45 against the
split washer 157 and a first shoulder 167 of the front
body portion 152. In this way, the coil 45 and the split
washer 157 are fixed in position with respect to the
stylus body, with, in this embodiment, the coil 45 being
positioned towards a front face 153a of the ferrite rod
153. Further, as shown in Figure 7a, the neck portion
166 of the rear body portion 154 includes a slot for
receiving the capacitor 43 when the front and rear body
portions are pushed together. This avoids the need for
long coil leads which would be required were the
capacitor 43 to be mounted behind the spring 163, and
avoids increased assembly complexity and cost.

Figure 7b shows the assembled stylus 5 in cross-section.
The nib 159 and the ferrite rod 153 are slidably mounted
within the stylus body and spring-biased (by spring 163)
towards the front end 161 of the front body portion 152.
The movement of the ferrite rod 153 in this forward
direction is, however, limited by the abutment of a front
face 160a (shown in Figure 7a) of an enlarged head 160
of the nib 159 with a second shoulder 168 (shown in
Figure 7b) of the front body portion 152. When pressure
is applied to the nib 159 of the stylus 5 against the
biasing force of the spring 163, the nib 159 and the
ferrite rod 153 move towards the rear body portion 154
until a rear face 160b of the nib’s head 160 abuts
against the split washer 157. As shown in Figure 7b, the
ferrite rod 153 can, therefore, only move a predetermined
distance (d,), referred to hereinafter as the click-
distance, when pressure is applied to the end of the nib
159. In this embodiment, the stylus 5 is designed so
that the click distance (dy;) is 0.35mm. This movement of
the front face 153a of the ferrite rod 153 from the front

face 45a of the coil 45 causes a decrease 1in the
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inductance of the coil 45 due to the reduced coupling
between the ferrite rod 153 and the coil 45, which in
turn gives rise to an increase in the resonant frequency
of the resonant circuit 41.

Figures 8a and 8b are a partial cross-sectional views of
the assembled stylus 5 showing in more detail the
relative positions of the ferrite rod 153, the coil 45,
the split washer 157 and the nib 159 in these "unclicked"
and "clicked" states respectively, and illustrating
magnetic field lines 180 passing from the end of the
ferrite rod 153 around the coil 45. As shown, in the
unclicked state, the ferrite rod 153 is close to the
split washer 157, which in this embodiment, is made of
Vitrovac 6018, which is a high magnetic permeability
material. Therefore, a relatively strong local magnetic
field is established with resonating current in the coil
45 as illustrated by the tightly spaced magnetic field
lines 180a in Figure 8a. The radial extent of the
locally strong magnetic field 180 is approximately from
the inner diameter of the split washer 157 to between the
inner and outer radius of the coil 45. The reason for
the locally strong magnetic field 180a is that both the
ferrite rod 153 and the washer 157 have high magnetic
permeability, and the distance between the ferrite rod
153 and the split washer 157 is relatively small compared
to the radial extent of the locally strong magnetic
field. Consequently, magnetic field couples easily from
the ferrite rod 153 into the split washer 157, rather
than passing out through the side of the coil 45. 1In
contrast and as shown in Figure 8b, when the stylus 5 is
in its clicked state, the distance between the ferrite
rod 153 and the washer 157 is greater and therefore less
of the magnetic “field 180 couples into the split washer
157 but instead passes out through the side of the coil
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45. Therefore, less of the magnetic field couples with
all of the coil 45 and the overall inductance of the coil
45 is reduced.

Figure 9 1is a plot illustrating how the resonant
frequency of the resonator 41 changes with the gap
between the ferrite rod 153 and the end face 45a of the
coil 45 with the split washer (plot 8-1) and without the
split washer 157 (plot 8-2). As shown in plot 8-1, the
stylus 5 with the split washer 157 provides approximately
an 8% change in the resonant frequency of the resonator
41 between the unclicked and clicked states. In
contrast, without the washer 157, a change in resonant
frequency of about 3.5% is achieved. Therefore, the use
of the split washer 157 allows a greater change in
resonant frequency between the clicked and unclicked
states for a given click distance. As discussed in the
introduction of this application, this is important where
a large frequency change between the clicked and
unclicked states is desired together with a relatively
small click distance (so that the stylus feels like a
conventional pen).

As those skilled in the art will appreciate, a critical
component of the manufacturing variability of the stylus
5 is the position of the ferrite rod 153 relative to the
end face 45a of the coil 45 and the split washer 157.
In the design of the stylus 5 described above, in the
unclicked state, the position is set by only two plastic
dimensions - the first is the distance between rear face
159a of the nib 159 and front face 160a of the nib’s head

'160; and the second is the distance between the first

shoulder 167 and the second shoulder 168 of the front
body portion 152. Since these distances are relatively

small (a few millimetres) and close together, it is
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relatively straightforward to maintain tight control of
these distances and therefore tight control of the
unclicked frequency of the stylus 5. Similarly, in the
clicked state, the position of the ferrite rod 153
relative to the end face 45a of the coil 45 and the split
washer 157 is defined by the distance between rear face
159a of the nib 159 and rear face 160b of the nib’s head
160. As a result of the small number of critical
dimensions (three in this embodiment), the manufacturing
cost of the stylus 5 is relatively low. Further,
although the plastic parts controlling the relative
position of the ferrite rod 153, the coil 45 and the
split washer 157 are subject to thermal expansion,
because these critical dimensions are relatively small
and close together, the position changes little with
temperature.

The thickness of the split washer 157 also has an effect
on the relative position of the ferrite rod 153, the coil
45 and the washer 157, but that thickness is well
controlled because the washer material may either be
manufactured from a punched sheet of metal formed in a
rolling process or by a suitable etching process. For
example, a sheet of the material may be covered with a
photoresist, preferably on both sides, and then the
resist exposed to ultraviolet 1light through a mask
patterned with the required shape. The sheet is then
etched in chemical solution leaving the washers, usually
held by a spike of metal to the original sheet. The
washers are then cut from the sheet and assembled into
styluses. An advantage of etching is that there is no
mechanical stressing so that there is no loss in magnetic
permeability that would otherwise reduce frequency shift

and introduce variability.
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Stylus Testing

In this embodiment, the resonant frequency of each stylus
5 is tested before the front body portion 152 is glued
together with the rear body portion 154. This testing
is performed by the testing apparatus 200 schematically
illustrated in Figure 10. As shown, the testing
apparatus 200 includes a pulsed current source 201 which
applies a pulse of excitation current to a coil 203 which
is magnetically coupled to the coil 45 in the stylus 5
which causes the. resonant circuit 41 to resonate. The
current from the. pulsed current source 201 is then
stopped and the resonator 41 continues to resonate and
this resonating signal induces an EMF in a second coil
205 wound around the stylus 5. This induced EMF is then
passed to a signal detéctor, processor and display unit
207 which measures the frequency of the ring-down signal,
for example by performing a Fourier analysis of the
sampled waveform. The signal detector, processor and
display unit 207 also controls a nib actuator 209 which
applies pressure to the nib 159 forcing the stylus 5 into
its clicked state. The same excitation and measurement
process is then carried out to determine the resonant
frequency of the stylus 5 in the clicked state. The
signal detector, processor and display unit 207 then
compares the unclicked resonant frequency and the clicked
resonant frequency with predefined manufacturing limits
and the stylus assembly is rejected if the measured
values fall outside those limits. If the measured
frequencies are within the manufacturing limits, then the
rear body portion 154 is glued to the front body portion
152. As those skilled in the art will appreciate, the
advantage of testing the partially assembled stylus 5 is
that if the measured clicked and unclicked resonant
frequencies fall. outside the manufacturing limits, then

the failure is identified earlier in the manufacturing
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process and hence there is less wastage.

Manufacturing Limits

As discussed above, during the testing of each stylus 5
during manufacture, the clicked and unclicked resonant
frequencies of the stylus 5 are compared with
manufacturing limits. In particular, in this embodiment,
each stylus 5 is designed so that their clicked and
unclicked resonant frequencies lie within a "free space
clicked resonant frequency band" and a "free space
unclicked resonant frequency band", respectively. These
are shown in Figure 11 as the unclicked band B, between
frequency f, and £, and the clicked band B, between
frequency f; and f,. The system is designed, however, to
be able to detect pen frequencies over a much larger
frequency range (DR) extending from frequency f, to £,.
This allows for a margin of frequency increase and
decrease of the free space clicked and unclicked resonant
frequencies due to, for example, changes in temperature
and due to the proximity of the stylus 5 to conductive
or magnetically permeable objects. These margins are
illustrated by the bands M,? extending from frequency £,
to f,; margin M, extending from frequency £, to £;; margin
M, extending from frequency fs; to fs; and margin M,!
extending from frequency f, to f;. An overall unclicked
frequency band B, extending from frequency £, to
frequency f, and a clicked frequency band B, extending
from frequency fs to frequency f, are therefore defined.
A frequency spacing is also provided (labelled PE and
extending from frequency f; to f5;) to account for phase
detection inaccuracy in the electronics which results in
uncertainty for frequencies close to the threshold
frequency (f,) used to determine the click state of the
stylus 5.
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Digital Processing and Signal Generation Unit

A brief description was given above with reference to
Figure 3 of the digital processing and signal generation
unit 59. A more detailed description of the digital
processing and signal generation unit 59 used in this
embodiment will now be described with reference to Figure
12. The components shown in Figure 3 have been labelled

with the same reference numeral.

As shown in Figure 12, the digital values output by the
analogue-to-digital converter 73 are passed via the A to
D interface 75 to a buffer 251. At the end of a pulse
echo excitation/receive cycle, eight digital values will
be stored in the buffer 251 representing the in-phase and
quadrature phase signal levels generated for each of the
four sensor windings. A control unit 253 is provided for
reading out these digital values and for passing them to
the appropriate processing modules for processing. In
this embodiment, the control unit 253 initially passes
the digital signal values to a signal level comparator
255 which compares the signal levels with a threshold
value. If all of the signal levels are below the
threshold level, then this indicates that the stylus 5
is not in the vicinity of the PDA 1 and therefore, no
further processing is required. If, however, the signal
level comparator 255 determines that the signal levels
are above the threshold, then it indicates back to the
control unit 253 that the stylus 5 is present and that
the signals should be processed by the other prdcessing
modules. In response, the control unit 253 passes the
in-phase signal components to a position processor 257
which calculates the above-described arc tangent
functions using the in-phase components to determine the
x-y position of the stylus 5 relative to the sensor board
13.
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The control unit 253 also passes the in-phase and
quadrature phase components to a stylus frequency
determining unit 259 which, as discussed above, performs
the above mentioned arc tangent function on the in-phase
and quadrature phase components of the signals from the
same sensor winding, to generate a measure of the
electrical phase (o) of the received signal. This
electrical phase can then be mapped to a difference in
frequency between the resonant frequency of the stylus
5 and the fundamental frequency F, of the excitation
signal applied to the excitation winding 29. However,
the relationship relating this phase measurement to the
frequency difference 1is cyclic in nature and can
therefore only provide a unique one-to-one relationship
between the measured phase and the resonant frequency for
a limited range of frequency differences. Further, this
range of frequency differences depends, among other
things, on the number of excitation cycles (Ni) in the
burst of excitation current applied to the excitation
winding 29 and the number of receive cycleé (Nxx) over
which the demodulated signals are integrated.

In the illustration shown in Figure 3b, sixteen
excitation cycles and sixteen receive cycles were used.
With this number of excitation cycles and receive cycles,
the phase measurement can only provide an unambiguous
indication of the resonant frequency of the stylus 5 if
the resonant frequency is within 3.5% of the excitation
frequency. This is illustrated in plot 300-1 shown in
Figure 13. 1In particular, Figure 13 shows the measured
electrical phase (o) plotted on the y-axis against the
ratio of the stylus 5 resonant frequency to the
excitation frequency as a percentage. As shown, this
plot 300-1 is ilinear only for the ratio between the

stylus frequency and the excitation frequency varying (as
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a percentage) between 98.2 and 101.7. Qutside this
range, the plot 300-1 repeats in a non-linear and cyclic
manner. The system can therefore only unambiguously
determine the resonant frequency of the stylus 5 if it
is within a range of 1.75% of the excitation frequency
on either side of the excitation frequency. This is
sufficient for the type of stylus described in the
applicant’s earlier International application WO
00/33244, but not for the stylus 5 described above which
is designed so that the resonant frequency changes by
approximately 8% between its clicked and unclicked
states.

This problem can be overcome by reducing the number of
transmission and reception cycles (i.e. Ny and Ngg) in
the pulse echo measurement, which has the effect of
increasing the unambiguous range of frequencies of the
plot 300. This is illustrated in Figure 13 by the plot
300-2. In particular, plot 300-2 illustrates the
relationship between the measured electrical phase (o)
and the percentage of the stylus resonant frequency to
the excitation frequency when Npx = Npx = 3. As shown,
with this arrangement the resonant frequency of the
stylus 5 can be determined unambiguously provided it is
between 91% and 108% of the excitation frequency. This
corresponds to a range of approximately 17%, which is

sufficient for the stylus 5 used in this embodiment.

However, with such a low number of transmission and
reception cycles (N and Ng) being used, the measurement
accuracy is significantly reduced. 1In particular, all
resonant stylus detection systems suffer from phase
detection inaccuracies. This error has many sources but
is typically due-to uncontrolled variable time delays in

the processing channel, such as the slew rate of the
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power amplifier 51 shown in Figure 3a. In order to
determine correctly the click state of the stylus 5, it
is necessary that this processor phase error corresponds
to a sufficiently small processor frequency error band
(frequency band PE illustrated in Figure 11).
Unfortunately, when the number of transmission and
reception cycles are reduced so that the system can
detect the stylus 5 used in this embodiment over the
entire frequency range (DR), the processor frequency
error is greater than before and is typically greater
than the processor frequency error band (PE) required.

A further problem with wusing a small number of
transmission cycles and reception cycles is that more
energy is spread over the entire frequency band of
operation, which reduces the power efficiency of the
device as a whole. The issue of low power efficiency is
described in detail in the applicant’s earlier
International application WO 01/29759. As described in
this earlier International application, such low power
efficiency systems are undesirable in hand-held battery-
powered devices such as the PDA 1 of the present
embodiment.

In this embodiment, therefore, the conflicting
requirements of unambiguous phase detection over a wide
frequency range and a frequency accuracy high enough to
accurately detect the click status of the stylus are

resolved by introducing a two-stage measurement cycle.

In the first stage a pulse-echo excitation/reception
cycle is performed with N and Ng set to 3, with the
fundamental frequency F, of the excitation signal being
in the middle of the required frequency range (i.e.

approximately at the decision frequency £, shown in
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Figure 11). This first stage measurement will provide
an electrical phase measurement that is unambiguous over
the required frequency range (DR). The position
processor 257 and the stylus frequency determining unit
259 can therefore determine an approximate x-y position
of the stylus 5 relative to the sensor board 13 and the
approximate resonant frequency of the stylus 5, but
subject to the frequency and phase errors discussed
above.

As shown in Figure 12, the stylus frequency determined
by the stylus frequency determining unit 259 is output
to a stylus state determining unit 261. If the
determined stylus frequency is far enough from the
decision frequency (f;) then, with all errors accounted
for, it is possible to determine the click state of the
stylus 5. If the determined frequency is not far enough
from the decision frequency (f,), then the stylus state

remains uncertain.

In this embodiment, immediately after the first stage
measurement cycle has been carried out, a second more
accurate measurement cycle is performed using a pulse-
echo excitation/reception cycle with Ny = Ny = 16 and
with the fundamental frequency F, of the excitation
signal being chosen to be close to the resonant frequency
of the stylus 5 determined in the first measurement stage
by the stylus frequency determining unit 259. This
closeness between the excitation frequency and the stylus
resonant frequency allows for the greater number of
transmission cycles and reception cycles to be used,
thereby allowing for more accurate position and phase
measurements to be obtained and allowing for a more power

efficient measurement cycle.
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In particular, in this embodiment, the excitation and
receive control unit 57 receives the approximate resonant
frequency of the stylus 5 determined by the stylus
frequency determining unit 259 from the signals of the
first stage measurement cycle. It then outputs a control
signal to the variable frequency generator 53, setting
the fundamental frequency (F,) of the excitation and
mixing signals to be generated. The excitation and
receive control unit 57 also outputs appropriate gate
control signals to the excitation gate controller 61 and
the receive gate controller 67 so that, in the second
stage measurement cycle, sixteen excitation periods are
transmitted and so that the integration of the
demodulated signals is performed over sixteen excitation
periods (i.e. Nz = Ny = 16). The data from this second
more accurate measurement cycle is then passed to the
position processor 257 and the stylus frequency
determining unit 259 as before, where more accurate
estimates of the x-y position of the stylus 5 relative
to the sensor board 13 and the resonant frequency of the
stylus 5 are determined. This more accurate measurement
of the resonant frequency of the stylus 5 is then passed
to the stylus state determining unit 261 which compares
the measured frequency with the decision frequency £, to
determine if the stylus 5 is in its clicked state or its
unclicked state. This determination together with the
accurate x-y position measurement is then passed to the

PDA electronics via the interface 77.

The entire two-stage measurement process described above
is then repeated so that the position of the stylus 5
relative to the sensor board 13 can be tracked.

As those skilled in the art will appreciate, the above

processing provides a number of advantages. These
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include:
1) power consumption of the system may be reduced by

ii)

iii)

iv)

V)

cancelling the second stage measurement if the
first stage measurement does not detect the
presence of the stylus 5;

the first measurement stage can be optimised to
minimise power consumption since accurate detection
of position and resonant frequency of the stylus 5
is performed in the second measurement stage;

in the second measurement stage, the excitation
frequency transmitted may be at one of a set fixed
number of frequencies spread between f, and £,
(usually the closest one to the resonant frequency
of the stylus 5 determined from the first
measurement stage), thereby simplifying the
decision making process and making the system more
deterministic;

if the first measurement stage results in high
signal amplitudes (e.g. because the stylus 5 is in
close proximity to the sensor board 13), then the
second measurement stage can be performed at a
lower power level while still maintaining
sufficient frequency and position accuracy and
resolution, thereby saving power; and

if the first measurement cycle results in low
signal amplitudes then the processing electronics
can increase the power or increase the sensitivity
of the detection <circuits for the second
measurement cycle (this is an advantage over the
prior art systems where power level and sensitivity
settings are set for worst case conditions,
resulting in power consumption that is higher than
is actually required on average).
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Modifications and Alternative Embodiments

In the above embodiment, a hand-held personal digital
assistant has been described which includes an XxX-y
digitising tablet which operates with a resonant stylus.
Various novel features of the digitiser windings, the
stylus and the processing electronics have been described
which make the system suited for such low cost high
volume applications. The skilled reader will appreciate
that many of the novel aspects of the system described
are independent of each other. For example, the stylus
described above can operate with the prior art digitiser
windings described in US 4878553 or wW098/58237 and the
digitiser windings described above can operate with the
prior art stylus, such as those described in US 5565632,
or with any other prior art magnetic field generating or
altering device.

A number of modifications and alternative embodiments
will now be described.

In the above embodiment, a magnetic washer was provided
to increase the change in the resonant frequency of the
stylus between its clicked and unclicked states. As
those skilled in the art will appreciate, it is not
essential to use such a magnetic washer. Further, if a
magnetic washer is to be used, it is not essential that
the washer is split. However, using a split washer
prevents eddy currents being generated in the washer
which would generate their own magnetic field which would
oppose the magnetic field generated by the resonant
circuit. Further, if a washer is to be used, it does not
need to be formed as a flat ring with circular inner and
outer edges. For example, the washer may be star-shaped,
with a star-shaped or square etc. central hole. Further,

the washer need not necessarily have a smaller inside
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diameter than the ferrite rod. Figure 14 illustrates an
alternative embodiment where the ferrite rod 153 may pass
through the magnetic washer 157 in operation. In
particular, Figure l4a illustrates the alternative stylus
design in the unclicked state, with the ferrite rod 153
extending through the inner diameter of the split washer
157. As pressure is applied to the nib 159 of the
stylus, the ferrite rod 153 passes through the washer 157
thereby increasing the gap between the ferrite rod 153
and the split washer 157.

In the main embodiment described above, the unclicked
position of the ferrite rod relative to the coil and the
split washer was defined by the distance between the rear
face 159a of the nib 159 and the front face 160a of the
nib’s head 160; and the distance between the first
shoulder 167 and the second shoulder 168 of the front
body portion 152. Alternatively, the unclicked position
may be defined by the thickness of a non-conductive, non-
magnetic spacer. Such an embodiment is illustrated in
Figure 15 which shows the spacer 303 provided between the
ferrite rod 153 and the washer 157. The thickness of the
spacer 303 can be tightly toleranced compared to
dimensions of injection-moulded parts. In this case,
plastic tolerances ensure that the rear face 159a of the
nib 159 does not touch the spacer 303 in the unclicked
state. In the clicked state, shown in Figure 15b, the
ferrite rod 153 position relative to the coil 45 and
washer 157 is defined by only one diﬁension, the distance
between the rear face 159a of the nib and the rear face
160b of the nib head 160. That dimension can be tightly
controlled since the same side of an injection mould tool
can define both faces. In a further alternative, the
spacer 303 can be omitted, but low unclicked resonator

O-factor may result due to eddy currents in the split
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washer since the ferrite rod 153 will rest on the split
washer 157.

The split washer may be manufactured from Permalloy for
low cost and ease of handling, or from any other
magnetically permeable metals such as Mumetal or spin-
melt ribbon. A non-conductive magnetically permeable
device, for example a ferrite component, may replace the
metal washer. In this case, there is no need for a split
in the washer and the ferrite and washer may contact each
other without Q-factor penalty. The ferrite component
may be thicker than the washer since it is easier to
manufacture and handle that way. There will be an
increase in the frequency shift between the clicked and
unclicked frequencies in this case, due to the low
resistance to magnetic field passing through the washer
component. However, a disadvantage of a ferrite washer
component is that the tolerance on its thickness may be
significantly greater than that of a thin metal washer.

In the above embodiment, the resonant frequency of each
stylus was tested for both the clicked and unclicked
states at the time of manufacture, to ensure that the
resonant frequencies were within the manufacturing
tolerances. If they were not, then the stylus was
discarded. Alternatively, if the clicked or unclicked
resonant frequency do not meet the required manufacturing
limits, then the manufacturing step may include the
additional step of varying the stylus set-up in order to
change the clicked resonant frequency and/or the
unclicked resonant frequency. This may be achieved in
a number of different ways.

Figure 16 schematically illustrates a mechanical approach

to varying the clicked and unclicked resonant frequencies
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of the stylus at the time of manufacture. In this case,
the resonant frequency is adjusted with a small
adjustment in the relative axial position of the ferrite
rod 153 and the nib 159. This adjustment is achieved
with a pin 301 sliding in a recess 302 in the nib 159.
The pin 301 or recess 302 or both may be splined to
prevent the pin insertion creating stored pressure that
subsequently shifts the position of the pin 301. Glue
is preferably applied to the pin 301 or recess 302 before
assembly. When the ferrite rod 153 has been dropped into
position or is forced downwards to press the pin 301 into
the nib 159 until a frequency measurement system, such
as the one illustrated in Figure 10, indicates the
optimum frequency has been reached. This adjustment step
may be performed with the nib 159 in any chosen position
with an appropriate frequency target, such as the desired
clicked or unclicked resonant frequency.

A similar approach is to perform an initial test of the
resonant frequency of the stylus with a pin 301 of known
length, then to remove this pin 301 and ferrite rod 153
and to reassemble it with an alternative pin 301 whose
length is determined by the results of the initial test.
An alternative to this approach is illustrated in Figure
17, where a spacer 303 is added between the nib 159 and
the ferrite rod 153, with the thickness of the spacer
being determined from the initial test. The initial test
may be performed with a stylus with no spacer, or
possibly a reference spacer. In both these situations,
the algorithm for choosing a spacer or pin component may
be performed automatically by the signal detector,
processor and display unit of the test apparatus.

As a further alternative to removing the ferrite rod 153

in order to remove a pin 301 to adjust frequency, the
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height of the rear end face 159a of the nib 159 relative
to rear face 160b of the nib head 160 can be reduced by
spinning the ferrite rod 153 at high speed and pressing
it against the nib 159 until the friction has softened
the nib 159 and the ferrite rod 153 has reached the
required position.

Another alternative is to assemble the stylus 5 with the
coil 45 free to slide, requiring a modification to the
design of the rear body portion 154 so that it no longer
locates the coil 45 against the front body shoulder 167.
Initially, the coil 45 would be against the front body
shoulder 167. The resonant frequency of the stylus would
then be tested with an appropriate test apparatus. The
nib 159 would then be forced upward and released and the
unclicked frequency measured. While the wunclicked
frequency is above the desired resonant frequency, this
process would be repeated, each time increasing the
distance between the coil 45 and the front body head 160.
In this way, the unclicked frequency is set to the target
value. The coil 45 may then be glued in position, for
example, by injecting glue through a small hole in the
side of the stylus body. Or, if glue were previously
applied to the coil 45, the cure time of the glue may be
chosen such that movement during adjustment as described
above is possible but further movement after adjustment
is prevented.

As those skilled in the art will appreciate, it is also
possible to vary the resonant frequency of the resonator
41 by changing the length of the ferrite rod 153. For
example, when the front body sub-assembly is tested using
the test apparatus, the top of the ferrite rod 153 may
be ground shorter until the resonant frequency reaches
the desired target value. Alternatively, as illustrated
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in Figure 18, an additional length of ferrite 305 may be
added to the assembly, to increase the effective length
of the ferrite rod 153. Again, the length of this
additional ferrite component 305 would be chosen
depending on the results of an initial test of the
resonant frequency. As shown in Figure 18, in this case,
the plastic sleeve 155 preferably acts to retain the
additional ferrite component 305.

As an alternative to mechanical trimming, the value of
the capacitor 43 may be modified, for example by laser
trimming. Another option is to vary the number of turns
in the coil 45. For example, turns may be added or
removed from the coil 45 with the stylus in a test
apparatus such as that shown in Figure 10. The coil ends
would be left long so that it is possible to wind further
turns over the plastic sleeve 155. The operator would
add or subtract turns until the resonant frequency of the
stylus reached the required target frequency band.

As a further alternative, the coil 45 may be manufactured
with a variable number of turns in order to compensate
for the variability in other components such as the
capacitor 43. For example, Figure 19 illustrates a plot
325 which shows that the resonant frequency of the
resonator 41 varies by +/- 2.5% in response to a
variation in the capacitor value of +/- 5%. Therefore,
if the number of coil turns is matched to the capacitor
value, by first measuring the capacitor value and then
matching it with a coil with an appropriate number of
turns, the frequency variability can be reduced
dramatically. For example, the number of coil turns may
be specified from plot 321 illustrated in Figure 20 and
results in +/~ 0.15% frequency variability, as
illustrated in plot 327 shown in Figure 19. As those
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skilled in the art will appreciate, an automated machine
may perform this selection process. A station of the
machine would measure the capacitor’s value and would
send a signal to a coil winding station specifying how
many turns to wind. On completion of the winding, the
capacitor 43 would then be welded to the coil 45.

In the main embodiment described above, the rear body
portion 154 maintains the coil 45 in position. As an
alternative, the coil 45 may be fixed in place before the
rear body portion 154 is fixed in position. For example,
glue may be applied between the plastic sleeve 155 and
the front body portion 152. 1In this case, the plastic
sleeve 155 acts to prevent glue from flowing onto the
ferrite rod 153 and fouling operation.

In the main embodiment described above, a two-stage
pulse-echo measurement process was carried out. 1In the
first stage, three excitation pulses were transmitted and
the received signals were integrated over three
excitation periods and in the second stage sixteen
excitation pulses were transmitted and the received
signals were integrated over sixteen excitation periods.
As those skilled in the art will appreciate, the precise
number of excitation periods and/or receive periods used
may be varied depending on the system design. Further,
it is not essential for the number of excitation periods
to match the number of receive periods. It is also
possible to vary the number of excitation periodé without
varying the number of receive periods between the first
and second measurement stages. Similarly, it is possible
to vary the number of receive periods over which the
signals are integrated without varying the number of
excitation periods during the two measurement stages.
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In the above embodiment, the excitation and processing
circuitry was formed in the same device as the excitation
and sensor windings. As those skilled in the art will
appreciate, the excitation and the processing circuitry
may be provided on a remote body from the sensor
windings. All that is required is that the resonant
stylus be energised by an appropriate energising field
and for the signals received in the sensor windings to
be transmitted to the processing circuitry.

As those skilled in the art will appreciate, the
excitation and processing techniques described above may
be used with other types of windings and with other types
of stylus, such as those described in US 4878553.
Similarly, the above-described stylus may be used with
different types of windings such as those described in
US 4878553 or it can be used with other types of
processing electronics.

In the main embodiment described above, the number of
excitation pulses transmitted during the second
measurement cycle was fixed at sixteen. In an
alternative embodiment, the number of excitation pulses
used in the second measurement cycle may be varied,
depending on the results of the first measurement cycle.
For example, if the processing electronics can determine
the click state of the stylus from the signals of the
first measurement cycle, the second measurement cycle may
be adapted to transmit fewer excitation pulses, thereby
saving power. If the system can determine the click
state of the stylus from the first measurement cycle,
then it is not necessary for the system to recalculate
the click status of the pen from the signals received in
the second measurement cycle. Similarly, if the system
can determine the x,y position of the stylus from the
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signals in the first measurement cycle, then it is not
necessary for the system to recalculate that position
using the signals from the second measurement cycle.
Further, as those skilled in the art will appreciate, if
the processing electronics can determine both the
resonator state and the resonator’s position from the
signals in the first measurement cycle, it is not
essential to perform the second measurement cycle at all.
In this case, an appropriate inhibiting signal may be
output to the excitation and receive control unit to
prevent the performance of the second measurement cycle.

In the above embodiment, the stylus was designed so that
when pressure was applied to the nib of the stylus the
resonant frequency increased. As those skilled in the
art will appreciate, the stylus may be designed so that
the resonant frequency decreases when pressure is applied
to the nib. This may be achieved, for example, by
placing the coil towards the rear end of the ferrite rod.

In the above embodiment, a biasing spring was provided
towards the rear of the stylus. In an alternative
embodiment, this spring may be replaced by a low force
spring at the nib-end of the inductor coil. However, in
such an embodiment, the spring may need to be made short
and therefore of an undesirably thin wire diameter to
ensure a low actuation force for the nib, which adds to
the component cost and assembly difficulty. Further, the
use of a metal spring at the nib end may adversely
interfere with the resonator’s magnetics. A plastic
spring arrangement could be used instead, but this would
be susceptible to creep over time, resulting in a loss

of return force.

The above embodiment has described a hand-held personal
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digital assistant which employs a digitising system which
is embedded behind the LCD of the device. As those
skilled in the art will appreciate, the digitising system
described above can be used for various applications.
It is particularly useful, however, for low cost high
volume consumer products such as PDAs, web browsers and
mobile telephones and the like. Figure 21 illustrates
the way in which a mobile telephone 351 may be adapted
to include a liquid crystal display 355 and underneath
the display an x-y set of digitiser windings such as
those described above which are operable to sense the
position of a resonant stylus 357. The digitising system
may be used to allow the user to create, for example,
short text messages which can then be sent by the mobile
telephone to another party. If the mobile telephone
includes, for example, an organiser, then the digitiser
can be used to control the inputting, manipulation and
outputting of data from the organiser.

In the first embodiment, the digitiser system employed
a number of sensor windings, an excitation winding and
a resonant stylus. In an alternative embodiment, rather
than using a resonant stylus, a stylus having either a
short-circuit coil or a magnetic field concentrator (such
as a piece of ferrite) could be used. However, in such
embodiments, lower signal levels would be induced in the
sensor windings and the system could not operate in the
pulse-echo mode of operation since the non-resonant
elements do not continue to "ring" after the excitation
signal has ended. 1In a further alternative embodiment,
rather than using a passive stylus, a powered stylus
could be used with the sensor windings discussed above.
In this case, since the stylus has power to generate its
own magnetic field, there is no need for the excitation

winding, although it may still be provided in order to
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give a phase reference signal to the stylus. The power
to the stylus may be provided either by a battery
contained within the stylus or by connecting the stylus,
via a lead, to a power source. As those skilled in the
art will appreciate, whilst such powered stylus
embodiments are possible, they are not preferred since
they increase the cost of the stylus and/or they require
a lead to the stylus which interferes with the normal use
of the device by the user.

In the above embodiment, a single resonant stylus was
provided. As those skilled in the art will appreciate,
the system may operate with multiple styluses having
different resonant frequencies. Each stylus may then be
assigned a different function in the system.

In the above embodiments, the ferrite core was mounted
for movement with the tip and the coil was fixed to the
housing. As those skilled in the art will appreciate,
the stylus can operate with the ferrite core being fixed
relative to the housing and the coil being mounted for
movement with the tip. In such an embodiment, the washer
would preferably be mounted for movement with the coil
relative to the ferrite core. Various other
modifications to the stylus will be apparent to those
skilled in the art and will not be described further

here.

In the above embodiment, a processing channel comprising
two mixers and an integrator was provided for each sensor
winding. In an alternative embodiment, a single
processing channel may be used to process the signals
induced in all the sensor windings in a time multiplexed
manner. As those skilled in the art will appreciate,

whilst this reduces the complexity of the processing
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electronics, it increases the time required to obtain a

position measurement.

In the above embodiment, the sensor windings were
arranged to have a sensitivity to magnetic field from the
resonator which approximately varies as a single period
of a sinusoid over the measurement range. As those
skilled in the art will appreciate, the sensor windings
may be arranged so that this sensitivity varies through
multiple periods of a sinusoid. In this case, the system
will have to keep track of the current period in which
the resonant stylus is 1located. Examples of such
multiperiod windings can be found in the applicant’s
earlier International Application W098/58237. Another
alternative is that the sensor windings are arranged so
that their sensitivity to the magnetic field from the
resonator varies through a fraction of a sinusoid over
the measurement area. Such an embodiment is particularly
useful in applications where the measurement area is
rectangular, in order to ensure that the pitch of the x
sensor windings and the y sensor windings are the same.

In the above embodiment, the excitation winding was used
to energise the resonator and the signals received in the
sensor windings were used to identify the resonator
position. In an alternative embodiment, the sensor
windings may be used to energise the resonator and the
signals received on the excitation winding used to
identify the location of the resonator. In such an
embodiment, either the sensor windings would have to be
energised in turn or if the sensor windings are energised
together then separate excitation frequencies would have
to be applied to each (which would require separate
resonant circuits in the resonator which resonate at

those frequencies) so that the processing electronics can
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distinguish the received signals. Alternatively still,
the system could operate by energising the resonator
using one of the sensor windings and then receiving the
signal from the resonator on another sensor winding. The
way that such a system can operate is described in the
applicant’s earlier International Application WO98/58237.

In the above embodiment, the excitation winding was wound
around the outside of the sensor windings. In order to
extend the measurement range of the sensor windings as
far as possible towards the periphery of the sensor PCB,
some of the turns of the excitation coil may
alternatively be interlaced with the conductors of the
sensor windings. This arrangement can also help maintain
uniform outer coil field/sensitivity over the entire
sensor board, which helps minimise the dynamic range of
the sensor system and hence simplifies the design.

The sensor PCB which carries the excitation and sensor
windings may be manufactured on a flexible printed
circuit board. In this case, the connecting portion may
be extended to form a flexible tail for connecting the
coils to the processing electronics. A flexible PCB can
also be used to minimise the thickness of the sensor
board, e.g. to less than 0.2mm.

As described above, each of the sensor windings comprises

a number of primary sensing conductors and a number of

connecting conductors for connecting the primary sensing

conductors to each other. 1In the embodiment described
above, the primary sensing conductors for the x-position
sensor windings were located substantially in the y-
direction whilst those for the y-position sensor windings
extended substantially in the x-direction. As those

skilled in the art will appreciate, this is not

PCT/GB02/02387



10

15

20

25

30

35

WO 02/103622

54

essential, the primary sensing conductors only have to

cross the relevant measurement direction.

In the above embodiment, an electrostatic screen formed
from a layer of carbon ink was provided between the
sensor PCB and the backlight for the LCD. Other
conductive layers may be used such as an evaporated
aluminium film coating or a cross-hatched, fishbone or
comb-shaped copper layer. Alternatively still, if the
base of the electroluminescent backlight layer 11 can be
grounded, then this can effectively act as the
electrostatic screen instead.

In the above embodiment, a hand-held personal digital
assistant has been described which employs a liquid
crystal type display. As those skilled in the art will
appreciate, the above digitiser system can be employed
with other types of screen, such as TFT screens and the
like.

In the above embodiment, the sensor PCB was located
directly underneath the LCD of the hand-held PDA device.
As those skilled in the art will appreciate, the sensor
PCB does not have to be located underneath the LCD, it
can, for example, be located to one side of it. However,
if this is the case, then the overall size of the device
will have to be larger.

In the above embodiment, each of the sensor windings was
formed using multiple turns of conductor. As those
skilled in the art will appreciate, the sensor windings
can be formed using a single turn of conductor. However,
this is not preferred, since the sensor winding’s
sensitivity to “the magnetic field generated by the
resonator is less sinusoidal and the signal levels output
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are smaller. It is therefore preferred to have as many

turns as possible in the sensor windings.

In the main embodiment described above, most of the
primary sensing conductors of each phase quadrature
sensor winding have an irreqular form with multiple bends
along their length. As those skilled in the art will
appreciate, this is not essential. In an alternative
embodiment one of the phase quadrature windings may be
a conventional type of winding having substantially
parallel primary sensing conductors (such as those
described in WO 00/33244), with the primary sensing
conductors of the other phase quadrature winding having
multiple bends along their length which are designed to
compensate for the positional errors of the conventional

winding.

In the above embodiment, sensor windings were used which
were designed to have an approximate sinusoidal coupling
with the resonant stylus, as a result of which the
signals output from the sensor windings varied
approximately sinusoidally with the position of the
stylus relative to the windings. As those skilled in the
art will appreciate, the approach taken to the design of
the sensor windings described above is not limited to
such "sinusoidal" windings. The technique can be used
on any windings which produce an output signal which
varies in a non-monotonic fashion with the position to
be measured and in which two or more of such sensor
windings are used to resolve the ambiguity caused by this
non-monotonic characteristic of the windings by
appropriate processing of the sensor signals by the
processing electronics.

~

In the above embodiment, the signals induced in the
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sensor windings were mixed with the excitation signal and
a 90° phase shifted version of the excitation signal in
order to generate in phase and quadrature phase outputs,
from which the electrical phase information of the
resonator was determined. As those skilled in the art
will appreciate, other techniques can be used in order
to extract this resonator electrical phase information,
such as the timing of zero crossings of the resonator
signals, although this technique is not preferred because
it is sensitive to noise. Further, if the sensed signals
are to be mixed with phase offset mixing signals, it is
not essential that the mixing signals be 90° out of
phase. However, this is preferred since it simplifies

the measurement of the electrical phase.

In the above embodiments, two-dimensional x-y digitising
systems have been described. As those skilled in the art
will appreciate, some aspects of the present invention
are not, however, limited to two-dimensional position
encoders. In particular, some aspects of the present
invention can be incorporated into a one-dimensional
linear or rotary position encoder. For example, the
resonant stylus, the sensor windings or the processing
electronics described above could be used in a linear
position detector. Further, it is not essential to use
multiple sensor windings. The signals from a single
sensor winding may be used to determine both the
electrical phase information and the position

information.

In the above embodiments, the resonator was magnetically
coupled to the excitation windings and the sensor
windings. As those skilled in the art will appreciate,
the above processing electronics may be used in systems

where the excitation device and/or the sensing device are
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capacitively coupled to the resonator.

In the above embodiments, the signals output from the
sensor windings were used and position measurements were
obtained by performing an arc-tangent calculation. As
those skilled in the art will appreciate, it is possible
to extract the position information from the received
signals without performing such an arc-tangent
calculation. The applicant’s earlier International
Applications w098/00921 or W090/34171 disclose
alternative techniques for determining the position
information from the signals induced in the sensor

windings.

In the above embodiments, two phase quadrature sensor
windings in each of the x- and y-directions were used in
order to generate signals which varied with position in
phase quadrature to each other. As those skilled in the
art will appreciate, this is not essential. As long as
the windings are separated along the measurement axis by
some non-zero or non-multiple of 180° phase shift, the
signals induced in the sensor windings can be processed
to extract the position information.

Various other modifications and alternative embodiments

will be apparent to those skilled in the art.
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CLAIMS:
1. A position indicator for use with a position

detector, the position indicator comprising:

a housing;

a moveable nib extending from the housing and
moveable relative to the housing between a retracted
position and an extended position;

a sensing coil;

a first flux linkage element which extends at least
partially through the coil;

wherein said sensing coil and said first flux
linkage element are mounted for relative movement with
the movement of said nib, whereby the inductance of said
coil is changed with the movement of said nib;

characterised by a second flux linkage element whose
position is fixed relative to said sensing coil and which
is arranged relative to the first flux linkage element
so that the distance between said first and second flux
linkage elements varies with the movement of said nib

relative to the housing.

2. A position indicator according to claim 1, wherein
said second flux linkage element comprises a washer.

3. A position indicator for use with a position
detector, the positioh indicator comprising:

a housing;

a moveable nib extending from the housing and
moveable relative to the housing between a retracted
position and an extended position;

a sensing coil;

a flux linkage element which extends at least
partially through the coil;

wherein said sensing coil and said flux linkage

element are mounted for relative movement with the
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movement of said nib, whereby the inductance of said coil
is changed with the movement of said nib;

characterised by a magnetically permeable washer
whose position is fixed relative to said sensing coil and
which is arranged relative to the flux linkage element
so that the distance between said washer and said flux
linkage element varies with the movement of said nib

relative to the housing.

4. A position indicator according to claim 2 or 3,
wherein said washer has a non-circular central hole.

5. A position indicator according to any of claims 2
to 4, wherein said sensing coil is fixed within said
housing, wherein means is provided for transmitting
movement of said nib to said flux linkage element so that
said nib and said flux linkage element are slidably
mounted within said housing and wherein said movement
transmitting means acts on said first flux 1linkage
element through a central hole of said washer.

6. A position indicator according to claim 5, wherein
said movement transmitting means is formed integrally
with said nib.

7. A position indicator according to any of claims 2
to 6, wherein said washer comprises a magnetically

permeable material.

8. A position indicator according to claim 7, wherein
said magnetically permeable material is conductive.

9. A position indicator according to any preceding
claim, comprising a spring for spring biasing said nib

in said extended position.
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10. A position indicator according to claim 9, wherein
said spring applies said biasing force on said nib
through said first flux linkage element.

11. A stylus for use with a position detector, the
stylus comprising:

an elongate housing;

a moveable nib mounted at one end of the housing for
axial movement relative thereto in a first direction from
a retracted position to an extended position and in a
second, opposite direction from the extended position to
the retracted position;

a sensing coil;

a flux linkage element; and

wherein the sensing coil and the flux linkage
element are mounted for relative movement with the
movement of said nib, whereby the inductance of said coil
is changed with the movement of said nib;

characterised in that the nib comprises a shank with
an enlarged head at one end and a tip at its other end,
the head comprising a first axially facing abutment
surface facing towards the tip, and the housing
comprising a second axially facing abutment surface
facing away from said one end of the housing and co-
operable with said first abutment surface to 1limit
movement of the nib relative to the housing in said first
direction.

12. A stylus according to claim 11, wherein said
enlarged head comprises a third axially facing abutment
surface facing away from said tip and wherein the coil
or the flux linkage element comprises a fourth axially
facing abutment surface facing towards said tip and co-
operable with said third abutment surface to 1limit

movement of the nib relative to the housing in said
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second direction.

13. A stylus according to claim 12, wherein said
abutment surfaces are arranged so that the movement of

said tip is less than 0.5mm.

14. A stylus according to claim 12 or 13, further
comprising a capacitor connected across the ends of said
coil to form a resonant circuit, and wherein the movement
of said tip changes the resonant frequency of said

resonant circuit.

15. A stylus according to claim 14, wherein said change
in resonant frequency is between 4% and 12% of said

resonant frequency.

16. A stylus according to any of claims 11 to 15,
wherein said sensing coil is fixed within said housing
and wherein said stylus further comprises means for
transmitting movement of said nib to said flux linkage

element.

17. A stylus according to claim 16, wherein said
movement transmitting means is integrally formed with
said enlarged head of said nib.

18. A stylus according to claim 16 or 17, further
comprising a magnetic washer whose position is fixed
relative to said coil and wherein said movement
transmitting means acts on said flux linkage element
through a central hole of said washer.

19. A stylus according to claim 18, wherein said washer
comprises a magnetically permeable material.
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20. A stylus according to any of claims 11 to 19,
further comprising a spring for spring-biasing said nib

in said extended position.

21. A stylus according to claim 20, wherein the biasing
force of said spring acts on said nib through said flux
linkage element.

22. A stylus for use with a position detector, the
stylus comprising:

an elongate housing;

a moveable nib mounted at one end of the housing for
axial movement relative thereto in a first direction from
a retracted position to an extended position and in a
second, opposite direction from the extended position to
the retracted position;

a sensing coil;

a flux linkage element; and

wherein the sensing coil and the flux linkage
element are mounted for relative movement with the
movement of said nib, whereby the inductance of said coil
is changed with the movement of said nib;

characterised in that the nib comprises a shank with
an enlarged head at one end and a tip at its other end,
the head comprising a first axially facing abutment
surface facing away from said tip, and the coil or the
flux linkage element comprising a second axially facing
abutment surface facing towards said tip and co-operable
with said first abutment surface to limit movement of the

nib relative to the housing in said second direction.

23. A position detector comprising:
first and second relatively moveable members,
the first .member comprising an electromagnetic

resonator which, when energised, is operable to generate
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a resonator field which varies with time at a resonant
frequency of the resonator; ‘

the second member comprising means for sensing the
resonator field and for outputting a sensed signal in
response, which sensed signal varies with time at said
resonator frequency and which varies with the relative
position of said first and second members;

excitation means for generating a time varying
excitation electromagnetic field comprising a sequence
of excitation pulses, for energising said resonator; and

processing circuitry for processing said sensed
signal to determine the relative position of said first
and second members and to estimate the resonant frequency
of said resonator;

characterised by control circuitry for controlling
said excitation means and said processing circuitry to
operate:

i) in a first stage in which said excitation means
is operable to generate an excitation field comprising
a first number of excitation pulses at a predetermined
excitation frequency and in which said processing
circuitry is operable to process the resulting sensed
signal to estimate the resonant frequency of said
resonator; and

ii) in a second stage in which said excitation means
is operable to generate an excitation field comprising
a second, greater number of excitation pulses
substantially at the resonant frequency estimated in said
first stage, and in which said processing circuitry is
operable to process the resulting sensed signal to
determine the relative position of said first and second
members and/or to determine a more accurate estimate of

the resonant frequency of said resonator.

24. A position detector according to claim 23, wherein
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said processing circuitry is operable to process said
sensed signal over a period of time corresponding to a
number of said excitation pulses and wherein said control
circuitry is operable to control said processing
circuitry so that in said first stage, said processing
circuitry is operable to process said sensed signal over
a period of time corresponding to a first number of said
excitation pulses and, in said second stage, to cause
said processing circuitry to process the sensed signal
over a period of time corresponding to a second, greater
number of said excitation pulses.

25. A position detector according to claim 23 or 24,
wherein said second member comprises a plurality of said
sensing means, each operable to generate a sensed signal
which varies with time at said resonator frequency and
which varies with the relative position of said first and
second members, and wherein said processing circuitry is
operable to process the sensed signal output from all of
said sensing means.

26. A position detector according to claim 25, wherein
said processing circuitry comprises:

a first mixer for mixing the sensed signal with a
first time varying mixing signal having said excitation
frequency to generate a first mixed signal;

a first integrator for integrating the first mixed
signal over a time period corresponding to a number of
said excitation pulses, to generate a first signal Value;

a second mixer for mixing the sensed signal with a
second time varying mixing signal having said excitation
frequency, the second time varying mixing signal having
a phase offset relative to said first time varying mixing
signal, to generate a second mixed signal; and

a second integrator for integrating the second mixed
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signal over a time period corresponding to the number of
said excitation pulses, to generate a second signal

value.

27. A position detector according to any of claims 23
to 26, wherein said sensing means comprises a sensor
winding for sensing a magnetic field generated by said

resonator.

28. A position detector according to claim 27, wherein
said sensor winding comprises at least one loop of
conductor.

29. A position detector according to claim 28, wherein
said sensor winding comprises first and second loops of
conductor which are arranged in succession along a
measurement direction and connected so that an EMF
induced in the first loop by a common background
alternating magnetic field opposes the EMF induced in the
second loop.

30. A position detector according to any of claims 23
to 29, wherein said sensing means is formed as one or
more conductive tracks on a printed circuit board.

31. A position detector according to any of claims 23
to 30, wherein said resonator comprises a coil and a

capacitor.

32. A position detector according to any of claims 23
to 31, wherein said excitation means 1is capacitively
coupled to said resonator.

33. A position detector according to any of claims 23

to 31, wherein said excitation means is magnetically
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coupled to said resonator.

34. A position detector according to claim 33, wherein
said excitation means comprises one or more tracks of

conductor on a printed circuit board.

35. A position detector according to any of claims 23
to 34, wherein said control circuit is operable to
control said processing circuitry such that in said
second stage, said processing circuitry processes the
resulting sensed signal to determine the relative
position of said first and second members and to
determine a more accurate estimate of the resonant

frequency of said resonator.

36. A position detector comprising:

first and second relatively moveable members,

the first member comprising an electromagnetic
resonator which, when energised, is operable to generate
a resonator field which varies with time at a resonant
frequency of the resonator;

the second member comprising means for sensing the
resonator field and for outputting a sensed signal in
response, which sensed signal varies with time at- said
resonator frequency and which varies with the relative
position of said first and second members;

excitation means for generating a time varying
excitation electromagnetic field comprising a sequence
of excitation pulses, for energising said resonator; and

processing circuitry for processing said sensed
signal over a period of time corresponding to a number
of said excitation pulses, to estimate the resonant
frequency of said resonator and to determine the relative
position between. said first and second members;

characterised by control circuitry for controlling
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said excitation means and said processing circuitry to
operate:

i) in a first stage in which said excitation means
is operable to generate an excitation field comprising
a number of excitation pulses at a predetermined
excitation frequency, in which said processing circuitry
is operable to process said sensed signal over a period
of time corresponding to a first number of said
excitation pulses, to estimate the resonant frequency of
said resonator; and

ii) in a second stage in which said excitation means
is operable to generate an excitation field comprising
a number of excitation pulses substantially at the
resonant frequency estimated in said first stage, and in
which said processing circuitry is operable to process
said sensed signal over a period of time corresponding
to a second greater number of said excitation pulses, to
determine a more accurate estimate of said resonant
frequency of said resonator and/or to determine the

relative position between said first and second members.

37. A position detector according to any of claims 23
to 36, wherein said control circuitry comprises means for
comparing signals sensed by said sensing means in said
first stage with a threshold and means for inhibiting the
performance of said second stage in dependence upon a

comparison result.

38. A position detector aécording to any of claims 23
to 37, wherein said control circuitry further comprises
means for varying the number of excitation pulses
transmitted during said second stage.

39. A position detector according to any of claims 23

to 38, wherein said processing circuitry is operable to



10

15

20

25

30

35

WO 02/103622

68

determine an initial estimate of the relative position
of said first and second members using the signal sensed

by said sensing means during said first stage.

40. A position detector according to any of claims 23
to 39, wherein said first member comprises a plurality
of states, each associated with a different resonant
frequency of said resonator and wherein said processing
circuitry is operable to compare said determined resonant
frequency to determine a current state of said first
member.

41. A position detector comprising:

first and second relatively moveable members,

the first member comprising an electromagnetic
resonator which, when energised, is operable to generate
a resonator field which varies with time at a resonant
frequency of the resonator;

the second member comprising means for sensing the
resonator field and for outputting a sensed signal in
response, which sensed signal varies with time at said
resonator frequency and which varies with the relative
position of said first and second members;

excitation means for generating a time varying
excitation electromagnetic field comprising a sequence
of excitation pulses at an excitation frequency, for
energising said resonator; and

processing circuitry for processing said sensed
signal to determine the relative position of said first
and second members and to estimate the resonant frequency
of said resonator, the processing circuitry comprising:

a first mixer for mixing the sensed signal with a
first time varying mixing signal having said excitation
frequency to generate a first mixed signal;

a first integrator for integrating the first mixed
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signal over a time period corresponding to a number of
said excitation pulses, to generate a first signalivalue;

a second mixer for mixing the sensed signal with a
second time varying mixing signal having said excitation
frequency, the second time varying mixing signal having
a phase offset relative to said first time varying mixing
signal, to generate a second mixed signal;

a second integrator for integrating the second mixed
signal over a time period corresponding to a number of
said excitation pulses, to generate a second signal
value;

first processing means for processing said first and
second signal values to estimate the resonant frequency
of said resonator; and

second processing means for processing at least one
of said signal values to determine the relative position
between said first and second members;

characterised by control circuitry for controlling
said excitation means and said processing circuitry to
operate:

i) in a first stage in which said excitation means
is operable to generate an excitation field comprising
a number of excitation pulses at a predetermined
excitation frequency, in which said first and second
integrators are operable to integrate said mixed signals
over a time period corresponding to a first number of
said excitation pulses and in which said first processing
means is operable to process the resulting signal values
to estimate the resonant frequency of said resonator; and

ii) in a second stage in which said excitation means
is operable to generate an excitation field comprising
a number of excitation pulses substantially at the
resonant frequency estimated in said first stage, in
which said first. and second integrators are operable to

integrate said mixed signals over a time period
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corresponding to a second, greater number of excitation
pulses, in which said first processing means is operable
to process the resulting signai values to determine a
second, more accurate estimate of the resonant frequency
of said resonator and in which the second processing
means is operable to process the resulting at least one
signal value to determine the relative position of said
first and second members.

42. A position detector comprising:

first and second relatively moveable members,

the first member comprising an electromagnetic
resonator which, when energised, is operable to generate
a resonator field which varies with time at a resonant
frequency of the resonator;

energising means for generating a time varying
excitation electromagnetic field comprising a sequence
of excitation pulses at an excitation frequency, for
energising said electromagnetic resonator;

the second member comprising means for sensing the
resonator field and for outputting a sensed signal in
response, which sensed signal varies with time at said
resonator frequency and varies with the relative position
of said first and second members;

processing means for processing said sensed signal
to estimate the resonant frequency of said resonator and
to determine the relative position between said first and
second members; and

. first varying means for varying said energisihg

means so that in a subsequent excitation process the
frequency of the excitation field generated thereby is
substantially at the resonant frequency estimated during
a current excitation process;

characterised by second varying means for varying

the number of excitation pulses generated by said
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energising means during said subsequent excitation

process.

43. A position detector comprising:

first and second relatively moveable members,

the first member comprising an electromagnetic
resonator which, when energised, is operable to generate
a resonator field which varies with time at a resonant
frequency of the resonator;

energising means for generating a time varying
excitatioﬁ electromagnetic field comprising a sequence
of excitation pulses at an excitation frequency, for
energising said electromagnetic resonator;

the second member comprising means for sensing the
resonator field and for outputting a sensed signal in
response, which sensed signal varies with time at said
resonator frequency and varies with the relative position
of said first and second members;

processing means for processing said sensed signal
over a period of time corresponding to a number of said
excitation pulses, to estimate the resonant frequency of
said resonator and to determine the relative position
between said first and second members; and

first varying means for varying said energising
means so that in a subsequent excitation process the
frequency of the excitation field generated thereby is
substantially at the resonant frequency estimated during
a current excitation process;

characterised by second varying means for varying
the period of time over which said processing means
processes said sensed signal during said subsequent
excitation process.

44. A position detector comprising:

first and second relatively moveable members,

PCT/GB02/02387



10

15

20

25

30

35

WO 02/103622

72

the first member comprising an electromagnetic
resonator which, when energised, is operable to generate
a resonator field which varies with time at a resonant
frequency of the resonator;

energising means for generating a time varying
excitation electromagnetic field comprising a sequence
of excitation pulses at an excitation frequency, for
energising said electromagnetic resonator;

the second member comprising means for sensing the
resonator field and for outputting a sensed signal in

response, which sensed signal varies with time at said

resonant frequency and varies with the relative position

of said first and second members;

a first mixer for mixing the sensed signal with a
first time varying mixing signal having at said
excitation frequency to generate a first mixed signal;

a first integrator for integrating the first mixed
signal over a time ©period <corresponding to a
predetermined number of said excitation pulses, to
generate a first signal value;

a second mixer for mixing the sensed signal with a
second time varying mixing signal at said excitation
frequency, the second time varying mixing signal having
a phase offset relative to said first time varying mixing
signal, to generate a second mixed signal;

a second integrator for integrating the second mixed
signal over a time period corresponding to said
predetermined number of said excitation pulses, to
generate a second signal value; -

first processing means for processing said first and
second signal values to estimate the resonant frequency
of said resonator;

second processing means for processing at least one
of said signal values to determine the relative position

of said first and second members; and
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first varying means for varying said energising
means so that in a subsequent excitation proceés the
frequency of the excitation field generated thereby is
substantially at the resonant frequency estimated during
a current excitation process;

characterised by second varying means for varying
the period of time over which said first and second
integrators integrate said first and second mixed signals

during said subsequent excitation process.

45. Excitation and processing electronics for use with
a position detector used to determine the position of a
resonator relative to at least one sensor, the resonator
being operable to generate a time varying resonator
signal at a resonant frequency of the resonator and the

.sensor being operable to sense the resonator signal and

to output a sensed signal at said resonator frequency
which varies with the relative position between said
resonator and said sensor, the excitation and processing
circuitry comprising:

excitation means for generating a time varying
excitation electromagnetic field comprising a sequence
of excitation pulses, for energising said resonator;

processor circuitry for processing said sensed
signal to estimate the resonant frequency of said
resonator and to determine the relative position between
said resonator and said sensor; and

control circuitry for controlling said excitation
means and said processing ciréuitry to operate:

i) in a first stage in which excitation means is
operable to generate an excitation field comprising a
number of excitation pulses at a predetermined excitation
frequency and in which said processing circuitry is
operable to precess the resulting sensed signal to

estimate the resonant frequency of said resonator; and
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ii) in a second stage in which said excitation means
is operable to generate an excitation field comprising
a second, greater number of excitation pulses
substantially at the resonant frequency estimated in said
first stage, and in which said processing circuitry is
operable to process the resulting sensed signal to
determine the relative position of said resonator and
said sensor and/or to determine a more accurate estimate

of the resonant frequency of said resonator.

46. Excitation and processing electronics for use with
a position detector used to determine the position of a
resonator relative to at least one sensor, the resonator
being operable to generate a time varying resonator
signal at a resonant frequency of the resonator and the
sensor being operable to sense the resonator signal and
to output a sensed signal at said resonator frequency
which varies with the relative position between said
resonator and said sensor, the excitation and processing
circuitry comprising:

excitation means for generating a time varying
excitation electromagnetic field comprising a sequence
of excitation pulses, for energising said resonator;

processor circuitry for processing said sensed
signal over a period of time corresponding to a number
of said excitation pulses, to estimate the resonant
frequency of said resonator and to determine the relative
position between said resonator and said sensor; and

control circuitry for controlling said excitation
means and said processing circuitry to operate:

i) in a first stage in which said excitation means
is operable to generate an excitation field comprising
a number of excitation pulses at a predetermined
excitation frequency, in which said processing circuitry

is operable to process said sensed signal over a period
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of time corresponding to a first number of said
excitation pulses, to estimate the resonant frequéncy of
said resonator; and

ii) in a second stage in which said excitation means
is operable to generate an excitation field comprising
a number of excitation pulses substantially at the
resonant frequency estimated in said first stage, and in
which said processing circuitry is operable to process
said sensed signal over a period of time corresponding
to a second, greater number of said excitation pulses,
to determine a more accurate estimate of said resonant
frequency of said resonator and/or to determine the
relative position between said first and second members.

47. A resonant position indicating member for use in a
position detector, the resonant position indicator
comprising:

a housing;

a moveable nib extending from the housing and
moveable relative to the housing between a retracted
position and an extended position;

a resonator;

a flux linkage element which extends at least
partially through a coil of said resonator;

wherein said resonator coil and said flux linkage
element are mounted for relative movement with the
movement of said nib, whereby the inductance of said coil
is changed with the movement of said nib to thereby vary
the resonant frequency of said resonator;

characterised 1in that the resonant position
indicator comprises means for limiting the movement of
said nib to a distance which is less than 0.5mm and
wherein said coil and said flux linkage element are
arranged so that.the resonant frequency of said resonator

varies by more than 5% of the resonator frequency between
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said extended and retracted positions.

48. A resonant position indicator according to claim 47,
further comprising a magnetic washer whose position is

fixed relative to said coil.

49. A resonant position indicator according to claim 48,
wherein said flux linkage element is elongate and wherein
one end of said flux linkage element is operable to move
closer to or further away from said washer with the
movement of said tip between said retracted and extended
positions.

50. A resonant position indicator according to claim 49,
wherein the end of said flux linkage element closest to
said washer is further away from said washer when said
nib is in said retracted position than when the nib is

in said extended position.

51. A resonant position indicator according to any of
claims 47 to 50, wherein said flux linkage element only
partially extends through said coil of said resonator
when said nib is in said retracted or in said extended
position.

52. A position sensor including:

first and second members which are relatively
movable along a measuring path, the first member carrying
a trénsmitter which, in use, is electromagnetically
coupled to a receiver carried by the other member, which
transmitter and receiver are arranged so that in response
to the transmission of a signal by said transmitter,
there is induced in said receiver first and second output
signals which vary with the relative position of the

first and second members along said measuring path; and
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means for determining the relative position of the
first and second members along said measured path as a
predetermined function of said first and second output
signals;

wherein at least one of the transmitter and receiver
comprises first and second circuits, each circuit having
a plurality of primary sensing conductors which are
separated from each other along said path, which cross
said path and which are connected together to form at
least one loop; and

wherein one or more of said primary sensing
conductors of said first circuit have multiple bends
whose positions are determined in order to compensate for
position errors caused by the position of the primary
sensing conductors of the second circuit through the
operation of said predetermined function on said first
and second output signals.

53. A position sensor according to claim 52, wherein one
or more of said primary sensing conductors of each of
said first and second circuits have multiple bends whose
positions are determined in order to compensate for
position errors caused by the position of the primary
sensing conductors of the other circuit through the
operation of said predetermined function on said first
and second output signals.

54. A position sensor according to claim 52 or 53,
wherein said primary sensing conductors are connected
together to form at least two loops which are arranged
along said measuring path and which are connected in
series and arranged so that EMFs induced in adjacent
loops by a common background alternating magnetic field
oppose each other.
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55. A position sensor according to any of claims 52 to
54, wherein the at least one loop of said second circuit
is spatially separated along said measuring path from the
at least one loop of said first circuit.

56. A position sensor according to claim 55, wherein
said at least one loop of said second circuit is
spatially separated along said measuring path by half the

extent of the at least one loop of said first circuit.

57. A position sensor according to any of claims 52 to
56, wherein said primary sensing conductors are connected
together to form at least one set of loops which are
connected in series and arranged so that EMFs induced in
loops of the same set by a common alternating magnetic
field add together.

58. A position sensor according to any of claims 52 to
56, wherein said transmitter comprises an electromagnetic
device and wherein said second member comprises an
excitation circuit for energising the electromagnetic

device.

59. A position sensor according to claim 58, wherein
said electromagnetic device comprises an electromagnetic

resonator.

60. A position sensor according to claim 58 or claim 59,
further comprising drive means for applying an input

driving signal to said excitation circuit.

6l. A position sensor according to claim 60, wherein
said drive means is operable to apply a pulse of said
driving signal during a first time interval and wherein
said determining means 1is operable to determine the
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relative position of said first and second members from
said first and second signals induced in said receiver
during a second time interval after the first time
interval.

62. A position sensor according to any of claims 52 to
61, wherein said predetermined function includes a ratio

calculation of the first and second output signals.

63. A position sensor according to claim 62, wherein
said predetermined function includes a trigonometric
ratio calculation of the first and second output signals.

64. A position sensor according to any of claims 52 to
63, wherein said receiver comprises said first and second
circuits.

65. A position sensor according to claim 64, wherein
said primary sensing conductors are carried on a planar
surface of said second member.

66. A position sensor according to claim 65, wherein
said transmitter comprises a coil whose axis is generally
perpendicular to said planar surface of said second
member.

67. A position sensor according to any of claims 52 to
63, wherein said transmitter comprises said first and

second circuits.

68. A position sensor according to any of claims 52 to
67, wherein said second member is fixed and wherein said
first member is movable with respect to said second
member.

PCT/GB02/02387



10

15

20

25

30

35

WO 02/103622

80

69. A position sensor according to any of claims 52 to

68, wherein said measuring path is linear.

70. A position sensor according to any of claims 52 to
69, wherein said at least one of said transmitter and
receiver further comprises third and fourth circuits,
each having a plurality of primary sensing conductors
which are sebaréted from each other along a second
measuring path which is substantially orthogonal to the
other measuring path, whereby said position sensor is
operable to determine the relative position of said first
and second members in two dimensions.

71. A position sensor according to any of claims 52 to

68, wherein said measuring path is curved.

72. A position sensor according to any of claims 52 to
71, wherein said primary sensing conductors are connected
together to form at least two sets of loops arranged
along said path, each loop extending along said path and
said loops being connected in series and being arranged
so that EMFs induced in loops of the same set by a common
alternating magnetic field add together and so that EMFs
induced in the first set of loops by a common alternating
magnetic field oppose the EMFs induced in the second set

of loops.

73. A position sensor according to claim 72, wherein
each set of loops comprises the same number of loops.

74. A position sensor according to claim 72 or 73,
wherein each set of loops is arranged to enclose

substantially the same area.

75. A position sensor according to any of claims 52 to
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74, wherein said first and second circuits are formed as

conductive tracks on a printed circuit board.

76. A position sensor according to claim 75, wherein
said printed circuit board is a two-layer printed circuit
board.

77. A position sensor according to claim 75 or 76,
wherein said printed circuit board is a flexible printed
circuit board.

78. A position sensing method characterised by the use
of a position indicator according to any of claims 1 to
10, a stylus according to any of claims 11 to 22, a
position detector according to any of claims 23 to 44,
an excitation and processing circuitry according to claim
45 or 46, a resonant position indicator according to any
of claims 47 to 51 or a position sensor according to any
of claims 52 to 77.

79. A method of manufacturing a resonant position
indicator, the method comprising the steps of:

providing a housing;

inserting a nib into one end of the housing so that
the nib extends from the housing and is moveable relative
to the housing between a retracted position and an
extended position;

inserting a resonator into the housing, the
resonator comprising a coil and a capacitor;

inserting a flux linkage element into the housing,
the flux linkage element extending at least partially
through the coil of said resonator;

wherein the resonator coil and the flux linkage
element are mounted for relative movement with the

movement of said nib, whereby the inductance of said coil
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is changed with the movement of said nib in order to
change the resonant frequency of said resonator;
determining the resonant frequency of said resonator
when said nib is in said retracted position and when said
nib is in said extended position; and
comparing the resonant frequencies determined in

said determining step with desired resonant frequencies.

80. A method according to claim 79, further comprising
the step of discarding the current position indicator if
said comparing step determines that said resonant
frequencies are not within a predetermined amount of
said desired resonant frequencies.

8l. A method according to claim 79, further comprising
the step of varying the resonant frequency of said
resonator in dependence upon the results of said
comparing step.

82. A method according to claim 81, wherein said varying
step comprises the step of varying the positional
relationship between the said flux linkage element and
said coil when said nib is in said retracted position and
said extended position.

83. A method according to any of claims 79 to 82,
further comprising the step of measuring the capacitance
of said capacitor and varying the number of turns of
conductor forming said coil in dependence upon the sensed
capacitor value.

84. A method according to claim 83, wherein said means
for varying the number of turns of conductor of said coil
is operable to vary the number of turns in accordance

with a predetermined characteristic relating the number
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of turns to measured capacitor value in order to form a
resonant circuit having a predetermined resonant
frequency.

85. A method according to any of claims 79 to 84,
further comprising the step of gluing a rear portion of
said housing to a front portion of said housing after

said determining and comparing steps.
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