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(57) Abstract

An electromagnetic digitizer tablet having an active region (110) comprising an array of conductprs (1-15) haying
plural, spaced, similar active portions (111, 112) regularly and uniformly distributed through_ou.t the active tab!et region,
together with additional structure to distinguish pointing device (130) positions over the similar active portions. This
arragenment reduces the number of individual conductors required. In a preferred arrangement, thc? active portions have a
block S shape. As a further feature, novel algorithms are used to calculate the fine location of the pointing device.
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DIGITIZER TABLET WITH FIXED
INCREMENTED GRID PORTIONS

RELATED APPLICATIONS

This application is a continuation-in-part of
commonly-assigned U.S. patent application, Serial No.
07/503,537, filed April 3, 1990, entitled ”Digitizer Tablet
With Split-Current Conductor Array”, and commonly-assigned
U.S. patent application, Serial No. 07/612,530, filed No-
vember 13, 1990, entitled ”"Low Power Sensing Apparatus For
Digitizer Tablets”.

BACKGROUND OF INVENTION

This invention relates to digitizer tablets, and in
particular to the conductor or grid arrangement of such
digitizer tablets.

Copending application, Serial No. 07/503,537, the
disclosure of which is hereby incorporated by reference,
discloses a digitizer tablet comprising for each coordinate
axis a conductor arrangement of parallel conductors in
which each individual conductor comprises a common portion
which splits or divides into plural parallel portions, with
the common and plural portions of each conductor carrying
related currents.

SUMMARY OF INVENTION

The present invention provides a modified version
of the conductor array disclosed in said application Serial
No. 07/503,537. 1In particular, instead of conductor con-
figurations having a common portion which splits into
plural parallel portions, the conductors in the array of
the present invention which determine coarse positions
traverses the active area of the tablet a plurality of
times, i.e., are run in serpentine fashion across the
tablet, each conductor having two or more spaced, serially
connected, serpentine portions, each comprising at least
three parallel active conductor portions defining two pos-
sible coarse positions. Preferably, the serpentine por-
tions each have a pattern resembling a Greek key ornamenta-
tion, referred to herein as a horizontal block-S portion.

Similar to the conductor layout of said application
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Serial No. 07/503,537, the conductors are laid out in a
regular pattern, with overlapping block-S portions, so that
the active tablet surface is covered with a substantially
uniform layout of active parallel conductors.

In a preferred embodiment, fifteen identical indi-
vidual conductors are provided, each with two identical
spaced block-S portions and therefore with each conductor
defining four coarse positions; thus a total of sixty
coarse positions is defined over the active tablet surface.
Operation is similar to that in the said application Serial
No. 07/503,537. Magnitudes and polarities of induced sig-
nals are determined either while pulsing or while scanning
each grid conductor, and those values are used to determine
two possible coarse positions, one in each of two spaced
tablet segments. The final choice of coarse position is
made based upon the polarity of the induced signal in or
from an auxiliary conductor spanning both tablet segments.
Fine position is determined by interpolation using selected
signal magnitudes.

This arrangement offers the benefit over the ar-
rangement in said application Serial No. 07/503,537 that
the conductor traces may be shortened considerably since it
is unnecessary to provide separate returns for each ser-
pentine portion of each conductor. Moreover, the full cur-
rent passes through each active portion of each coarse
position defining conductor, so induced signals are capable
of a higher signal-to-noise ratio (S/N). Because of this
capability the invention is particularly siited for use
with the low power sensing technology described in said ap-
plication, Serial No. 07/612,530, the disclosure of which
is incorporated herein by reference. 1In addition, the con-
ductor array of the present invention is simpler and less
expensive to manufacture than the one described in said ap-
plication Serial No. 07/503,537. Therefore, the present
invention provides not only a simpler and less expensive
conductor array, but also a lower power consumption
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digitizer and thus reduced operating costs.

As a further feature of the invention, a novel al-
gorithm is provided to calculate the position of the point-
ing device. This novel algorithm is applicable not only to
the grid geometry described in this application, but also
to the grid geometry described in said application Serial
No. 07/503,537. The algorithm is based upon the recogni-
tion that the same fine calculation cannot be used for all
of the coarse positions, because the conductor layout does
not result in a uniform linear relationship of induced sig-
nals in only the nearest wire neighbors.

The algorithm is also based upon the recognition
that a certain pattern of uniformity does however exist be-
tween m sets of n conductors spaced apart in each set by
the total number of coarse positions, CP¢qt, divided by m.
Hence, only a small number of distinct algorithms need be
implemented in software in order to obtain a tablet capable
of a relatively high accuracy considering its low=-cost
fabrication.

As another feature of the invention, each array
conductor comprises at least first and second segments with
each segment comprising at least two active parallel con-
ductor portions spaced from one another and the first and
second segments extending respectively under first and sec-
ond spaced regions of the active tablet area. The active
parallel conductor portions of each array conductor are
connected such that the current flowing in any one of the
parallel conductor portions is the same as or an integer
multiple of that in any other parallel conductor portions.
All of the conductors’ first segments form a first group in
a regular order and all of the conductors’ second segments
form a second group in the same r:2gular order and spaced
from the first group, whereby the electrical signals gener-
ated when the pointing device is over a first segment of
each array conductor will be substantially the same as the
electrical signals generated when the pointing device is
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over the second segment of the same array conductor. Means
are provided for determining when the pointing device is
over the first or over the second segment of each array
conductor. The latter means comprises an additional con-
ductor.

These and further objects and advantages of the in-
vention will be best understood in connection with the
detailed description that follows of several embodiments of
the invention, taken in conjunction with the accompanying

drawings.
SUMMARY OF DRAWINGS

In the drawings:
Fig. 1 is a schematic exploded view of part of the

electrode pattern for a digitizer tablet in accordance with
the invention;

Fig. 2 is a view similar to Fig. 1 but showing some
of the grid conductors in their true overlapped positions;

Fig. 3 is a schematic view of one conductor to il-
lustrate operation of the invention;

Fig. 4 shows the signal induced in a coil as a
function of its relation to the conductor configuration of
Fig. 3;

Fig. 5 is a block diagram of one form of circuitry
for exciting the conductor configuration of Fig. 3.

Fig. 6 is a waveform of the excitation pulses used
in the Fig. 5 arrangement;

Figs 7, 8 and 9 depicts waveforms at certain nodes
of the Fig. 5 schematic;

Figs. 10A-10E are graphs showing induced voltages
from certain conductors to illustrate fine position cal-
culations for different tablet coarse positions;

Fig. 11A-11G are flow charts depicting the algo-
rithms for carrying out the coarse and fine position
determinations of the pointing device for a tablet in ac-

cordance with the invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Many of the constructional details and circuitry of
the present invention are similar to those described in the
referenced copending applications. Hence, the description
that follows will focus mainly on the differences between
the present invention and those described in the copending
applications. Further, it will be recognized that the
digitizer tablet employs one grid array for the X-
coordinate location, and an identical grid array, turned
90°, for the Y coordinate, and a single common exciting and
processing circuit for both axes arrays. Typically, the X-
coordinate signals are first obtained followed by sub-
sequent processing to obtain the Y-coordinate signals, or
vice versa. Hence, the description herein will be given
only for the conductor array to generate the X-coordinate
of the pointing device, it being understood that a second
conductor array, rotated 90°, will be provided and signals
generated and processed in the identical manner if it is
desired to locate the pointing device position with respect
to two coordinate axes, namely, the X and Y axes. Also,
when referring to the conductors or conductor array (or the
electrodes or electrode array) of the tablet, it will be
understood that each conductor is typically an
electrically-conductive trace or deposit on a printed cir-
cuit board (”PCB”). But, the invention is not limited
thereto and will apply to any form of low-ohmic current-
carrying medium which is functionally equivalent to a
metallic wire or trace. In the description that follows,
the terms ”conductor” and ”wire” are used interchangeably
and are not meant to have a limiting sense.

In the preferred embodiment described below, the
conductor array for each axis comprises sixteen wires each
comprising two sections. With reference to Fig. 1, consid-
ering only one coordinate, say, the X coordinate, the
tablet has an active area defined by reference numeral 110
in the X-direction. Within that active area are located
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vertical wire portions made up, for this embodiment, of 16
independent, selectively activatable or scannable wires,
numbered #1-#16, which are distributed symmetrically
throughout the active area in the following manner. Fif-
teen of the wires, #1-#15, are identical; the sixteenth,
#16, is different. Each of the #1-#15 wires comprises a
single conductor (numbered 1-15) forming at opposite ends
two block-S portions 111, 112, with the left leg or portion
111 on the left side of the tablet center (indicated
schematically by the vertical dashed line 113), called
herein the left tablet segment, and the right leg or por-
tion 112 on the right side of the tablet center 113, called
herein the right tablet segment.

Each block-S portion comprises three parallel ac-
tive vertical wire portions. The portion 111 at the left,
starting from a first terminal designated by a square
labelled 1, has a first active vertical portion 115, a
first horizontal connecting piece 116, a second active
vertical portion 117, a second horizontal connecting piece
118, and a third active vertical portion 119. The portion
112 on the right is serially connected to the left portion
by a third horizontal connecting piece 120, and forms con-
secutive fourth 121, fifth 122, and sixth 123 active verti-
cal portions, serially connected via fourth 123 and fifth
124 horizontal connecting pieces, finally terminating in a
second terminal 125. Each of the vertical wire portions
are parallel. The horizontal connecting pieces fall out-
side of the active tablet area. The three substantially
equally spaced vertical portions at each block-S shaped
end, which are the active conductors, define, between the
middle and the two end wire portions, two regions, desig-
nated 105, 106 at the left, and 107, 108 at the right, that
correspond to a coarse pointing device position. Thus,
each individual conductor, #1-4#15, has six active con-

ductors defining four coarse positions.
Fig. 1 is an exploded view for clarity. The 16
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conductors actually overlap. Fig. ? shows the overlapped
positions in the left segment of c.aductors #s 1-15. The
sixteenth, for clarity, is shown separately below.

As will be observed from Fig. 2, the block-S sec-
tions 111, 112 of the second conductor #2 are interleaved
and will overlap those of the first conductor #1, spaced
one-third of the spacing (designated S) between adjacent
vertical portions of the first and the other fourteen con-
ductors. Similarly the block-S portion 111, 112 of the
third conductor #3 overlap those of the second, and so
forth. While only six conductors #s 1-6 are shown in Fig.
1, the symmetry and layout is continued in the remaining
nine conductors #s 7-15 shown schematically at the bottom.
The result is that the active tablet area is completely
covered by vertical wire portions substantially equally
spaced. Thus, in Figs. 1 and 2, the first 6 adjacent wires
spaced S/3 apart are the left conductor 115 of wire #s 1,
2, and 3, followed by the middle conductors 117 of wire #§s
1, 2, and 3. The next three are the right conductors 119
of wire #s 1, 2, and 3, but these are superimposed by the
left conductor 115 of wire #s 4, 5 and 6. This pattern of
6 consecutive individual spaced conductors at the ends,
followed by 6 conductors forming 3 sets of 2 conductors
each over 3 positions adjacent three individual spaced con-
ductors repeats across the tablet, and is responsible for
the fine calculations used, explained below. This same
pattern exists in the grid of Ws in the said application
Serial No. 07/505,537. As each wire defines four possible
coarse positions, fifteen wires define 4 X 15 = 60 possible
coarse positions. The coarse positions are labelled by C
followed by a numeral. Thus, Cl is coarse position 1, C2
is coarse position 2, and so forth up until C60, coarse
position 60.

As an example, which is not to be considered limit-
ing, for a 12” X 12” tablet, each of the vertical conductor
portions would typically be 13% long, to cover the full Y-
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dimension of the active tablet--extending at top and bottom
beyond the active area to reduce edge effects--, each wire
conductor would have a width in the X-direction of about 7
3/4%, the spacing S between adjacent vertical portions of a
block-S being about 5/8”, the length 125 of the horizontal
connecting piece 120 about 5 1/4”. In the overlapped or
interleaved condition, the adjacent conductor spacing is
about 0.210".

It will be noted that all conductor terminals fall
on the same side of the tablet, the top side as illustrated
in Figs. 1 and 2. This makes it very convenient via a con-
ventional multiplexer to apply a current pulse to each wire
in turn in a grid driven embodiment wherein the signals in-
duced in the pointing device are processed for each con-
ductor in turn. For convenience, the conductors are
scanned in sequence, but this is not important to the in-
vention. Similarly, in a cursor-driven embodiment, it is
relatively simple to scan in sequence each of the wires via
their terminals on the same side for deriving the induced
signals for processing.

Figs. 3-9, which are similar to their counterparts
in said application Serial No. 07/503,537, show the opera-
tion, which is identical to that described said Serial No.
07/503,537.

Fig. 3 illustrates a single block-S wire configura-
tion, with a middle wire 117, a right wire 119 and a left
Wwire 115. The left and right wires 115, 119 are spaced the
same distance S from the common middle wire 117. A voltage
source V is connected to the opposite end of the conductor
(the terminal to conductor 123), and the left end (marked
1)) is connected to ground as a sink via a switch 132.
Suppose now that switch 132 is closed for successive short
periods of time, and during each interval, a coil 130 is
moved horizontally across the block-S wire. Fig. 4 shows a
plot of the voltage induced in the coil 130 as a function
of its horizontal position relative to the block-S. It
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will be observed that a positive peak voltage or MAX(+) 133
is obtained when the center of coil 130 is located midway
between the left 115 and middle 117 conductors, that is,
the distance S/2 from the center conductor. Similarly, due
to the reversed field direction, a negative peak voltage or
MAX(-) 134 is obtained when the center of coil 130 is lo-
cated midway between the middle 117 and right 119 con-
ductors, again spaced the same distance S/2 from the center
conductor. We can thus define two MAXs or two coarse posi-
tions associated with each U of the block-S configuration
of a wire. 1In Fig. 1, these have been designated as coarse
positions Cl1 and C4. .

The explanation given above to demonstrate how pos-
itive and negative voltages are generated depending upon
whether the coil is located respectively over the left and
right half of the block-S configuration in, say, the left
segment, will apply equally to the block-S configuration
112 of the same numbered wire in the right segment except
that the polarities are reversed. 1In other words, looking
at wire #1 in Fig. 1, when the coil is midway between con-
ductors 115 and 117 in the left segment a positive polarity
peak voltage is then generated; when the coil is midway be-
tween conductors 121 and 122 in the right segment, due to
the opposite current directions, a negative polarity peak
voltage will be generated. Hence, in the left segment, for
each numbered wire, an induced positive peak indicates a
coarse location to the left of the middle conductor of the
block-S, and in the right segment, an induced negative peak
indicates a location to the left of the middle conductor of
the block-S. Since each numbered wire provides a block-S
portion in the left segment and a block-S portion in the
right segment, four coarse positions are associated with
each of #s 1-15 wires, which is how one arrives at sixty
coarse positions. Note also from Fig. 4 that a zero volt-
age is induced in the coil 130 when it is centered exactly

over the middle conductor. The various course positions
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are shown in Fig. 1, each of which covers a tablet region
equal to S/3 units wide. Returning now to Fig. 2, it will
be observed that there are two additional numbered wires #2
and #3 whose middle conductors are located between the mid-
dle conductor 117(#1) of the #1 wire and its right con-
ductor 119 (#1).

Summarizing, the pointing device is an inductive
coil with a diameter D roughly equal to, preferably slight-
ly smaller than, the spacing S between adjacent active wire
portions of each numbered wire. See the circle designated
130 in Fig. 3. Each numbered wire is separately activated
in turn. In the position of coil 130 shown in Fig. 3, a
maximum signal voltage of one polarity will be induced in
the coil when a signal is applied to the selected activated
wire, because the current in wire portion 117(#1) will flow
in opposition to that flowing in 115(#1). When coil 130 is
moved to the right, midway between wire portions 119(#1)
and 117(#1), a maximum signal of the opposite polarity is
induced in coil 130, again because of opposite current
flows in the wire portions adjacent opposite coil sides.
Arrows have been provided for the #1 wire to show the oppo-
site current flows. When the coil is positioned with its
center exactly over the middle wire 117 (#1), a minimum
(ideally zero) voltage will be induced in the coil 30.
Thus, as the device coil 30 moves between the three posi-
tions described, when wire #1 is activated, the induced
signal voltage varies from a maximum at one polarity to a
minimum (zero) and then to a maximum of the opposite
polarity, as indicated in Fig. 4. It is possible within
the scope of this invention to detect and distinguish the
positive and negative MAXs, thereby enabling two coarse
positions per wire to be determined in the left segment.
By similar reasoning, it will be apparent that when the
device coil is located in the right segment, over the space
between 122(#1) and 123(#1), or moved to the left between
121(#1) and 122(#1), again positive and negative polarity
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MAX signals will respectively be generated when wire #1 is
activated. Hence, assuming one can determine whether the
device coil 130 is over the left or the right tablet seg-
ment, a total of four coarse positions would be defined by
wire #1. With fifteen wires similar to #1 present, a total
of 60 coarse positions would be defined, provided that
polarity as well as MAX were employed as the identifying
key.

The last independent wire #16, as will be noted
from Fig. 1, comprises a single large W similar to that in
the related application, with a middle wire conductor 123
extending vertically, which splits into a left vertical
conductor 135 and a right vertical conductor 136 (off the
drawing to the right), which return to a common terminal of
a current source. The middle wire 123(#16) is located at
the exact center 113 of the tablet within the active area (
shown below in Fig. 1 for simplicity). The left vertical
portion 135 (#16) lies adjacent the vertical portion
115(#1) at the left edge of the active area. The right
vertical portion 136(#16) lies adjacent the vertical wire
portion at the right edge of the active area, which in this
instance would be 123(#15) (not shown). Fig. 2, inciden-
tally, is not to scale.

In operation of the system, +5 volts is applied to
the unlabeled terminals at the right end of Fig. 1. Then,
a multiplexer 140 (Fig. 2) connects each numbered wire ter-
minal in sequence to a reference potential, such as ground,
for a short time interval. Detecting circuits are con-
nected to the pointing device coil 130. A signal waveform
is induced in the cursor coil during the resultant wire
grid pulsing. The magnitude and polarity of the largest
value of signal voltage is determined for each numbered
wire in turn and stored.

Fig. 5 shows the basic circuit, simplified for a
single block-S wire. A microcontroller 150 controls the
scanning of the wires and voltage measurements. An enable
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pulse corresponding to the action of multiplexer switch 132
activates the wire. A typical pulse is shown in Fig. 6.
The wire to wire scanning or sampling time is, for example,
100 microseconds, equivalent to a scan frequency of 10 KkHz.
These values are not critical. A sine wave voltage signal
is induced in the coil 130. The frequency will depend upon
the coil inductance and other circuit parameters, typically
a resonating capacitor. As an example, which is not limit-
ing, for a 12 inch tablet, with a wire spacing S equal to
about 0.630 inches, and a coil diameter D equal to about
0.6 inches, and with 30 turns, the circuit will resonate in
the vicinity of about 200 kHz. Fig. 7 shows the induced
signal voltage in the coil 130 after it has been amplified
and passed through a band-pass filter 151, at the node A.
The coil signal is a damped oscillation, having positive
and negative peaks. A dual sample and hold (S/H) circuit
152 is provided, activated by the microcontroller as shown.
The result is that the S/H circuit 152 samples and holds
the first positive peak, as shown in Fig. 8, and next
samples and holds the second negative peak indicated at
Fig. 9. The results are processed in the microcontroller
150 through a conventional a/D converter (not shown), and
the digital values stored in memory 153. Each of the num-
bered wires are similarly scanned in succession and the
coil voltages processed in a similar manner. The circuitry
of the amplifier and bandpass filter block 151 and the dual
S/H block 152 is straightforward and conventional and re-
gquires no further elaboration for those skilled in this
art. The filter characteristics are chosen to pass the
desired oscillatory signal and reject other frequencies to
improve the signal to noise ratio. Similarly, programming
of the microcontroller 150 to perform the functions de-
scribed above will be obvious to those skilled in this art.

The cursor coil diameter, D, should be no greater
than the spacing S between adjacent active wire portions of
each numbered wire, and preferably slightly smaller. The
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purpose is to maximize the induced voltage when the coil is
located exactly midway over the space between adjacent wire
portions of the same numbered wire.

When wire #16 is scanned, it too will induce a sig-
nal voltage in the coil 130. Similarly to the description
given above for wire #1, when the coil is over the left
tablet segment, due to the direction of the arrowed current
flow in active wire portions 123 and 135, a voltage of one
polarity is induced in coil 130. When the coil is over the
right segment, a signal voltage of the opposite polarity is
induced in the coil. It will be further understood that if
by chance the coil center is precisely over the center wire
portion 123, then, ideally, no signal voltage is induced in
the coil. However, due to practical constraints in con-
structing a perfect wire #16, the latter situation will
hardly ever occur. Hence, signal polarity of the voltage
associated with wire #16 is used as the key to unambiguous-
ly determine whether the MAX (magnitude) signal associated
with any of wire #s 1-15 is from its left segment or right
segment portion.

The determination of coarse position therefore re-
quires a determination of which of #s 1-15 wires, when ac-
tivated, induced a MAX signal in the device coil, the
polarity of the MAX signal, and a determination of the
polarity of the signal induced in the #16 wire. These
three items of information enable a determination of 1 of
60 possible coarse positions. While, in principle, a
single scan of the #1-16 wires, and collection and storage
of the induced signals (magnitude and polarity for #s 1-15;
polarity for #16) from the coil is all the information
needed to make a coarse position determination, in actual
practice, since the scanning rate is typically thousands of
times per second, e.g., 10 kHz, it is readily possible to
carry out multiple scans of the same device position before
the user will be able to move the device. This would allow
a number of determinations to be made, and for averaging to
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be used, typically done inl4software, to improve the
accuracy. This averaging process is common in commercial
tablets.

Determination of the coarse position can then be
made in a number of different ways. One simple way is,
using known software or hardware, by converting each analog
signal into its digital equivalent, and then processing the
digital signals through a known MAX detector circuit, or, by
software, determining the positive and negative MAXs, and
storing these in arrays indexed by wire number. Now, means
are provided to map the wire number to the coarse position.
Again, there are many ways to do this. A preferred way to
do this will be described below in connection with Figs.
112-11G. The following definitions apply to the terms used
in the coarse and fine position flowcharts of Figs. 1lA-11G:

WIRE NUMBER = This is the number [1l..16] of the
physical grid circuit being
energized.

COARSE
POSITION = This is a synthetic number [1..60]
that represents coarse position. It
is only indirectly related to the
physical wires.
(1=Left or bottom, 60=right or top)

FINE
POSITION = Represents the interpolated location

within a coarse position.

WIRE = Number [l..15] of the physical wire
with the strongest signal.

WIRE

ADDRESS = Raw data array address of wire with

strongest signal.

During each scan, which includes all sixteen
wires, the magnitude and polarity of the induced (and
processed) signal derived from each wire is stored in an
array having 16 locations indexed by wire number. From the
values stored in that array, it is relatively simple to
determine the MAX signal and thus the wire number with the
strongest signal using a straightforward MAX routine. Next,
the segment half is determined, and finally the coarse and

SUBSTITUTE SHEET
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fine determinations are made. This processing basically is
identical to that disclosed in said application Serial No.
07/503,537. However, certain additional determinations
should be made for reasons discussed below.

When the identified MAX wire is #1, then the
signal from wire #16 tends to be weak, making occasionally
ambiguous the determination as to which segment half is
involved. Thvs, an additional calculation is carried out by
comparing the values of both wires #l1 and #15, and that
comparison determines whether it is the left or right
segment.

One of the features of the invention are the
calculations for determining the fine position. It will be
noted that, due to the wire layout, a certain pattern is

SUBSTITUTE SHEET
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present that repeats globally every six wires, with three
positive followed by three negative values associated with
each of the patterns. This é-conductor and polarity repeat
pattern is the same for both the left and right tablet seg-
ments, and is characteristic of the preferred layout il-
lustrated where the pitch between adjacent parallel con-
ductors portions is S/3, and S is the pitch between active
conductor portions of each block-S pattern (see Fig. 2).
That is , the pattern repeats two times the minimum count
of conductors between active portions of the same numbered
conductor. I have found that there exists m sets each of n
coarse positions defined by N conductors wherein the
separation between coarse positions is equal to CP¢qo¢/N,
where CPgot is the total number of coarse positions. For
the illustrative example given above where CP¢ot=60, ©Ob-
tained with 4 times N=15 conductors, there exists six sets
of ten coarse positions each, each of the ten in each set
separated by a difference CPgot/n, Where the difference in
this instance = 60/10 = 6 or a multiple of 6.

As previously mentioned, a pattern of six coarse
positions repeats across the tablet in the strictest sense,
and each coarse position within this pattern requires its
own unique fine position formula. For two positions out of
the six, the formulas were similar enough to allow them to
be merged into a single formula. As a result, only five
fine position calculations or algorithms are needed to
determine fine position. This means that the amount of
code required to implement these algorithms can be kept to
a reasonably low value easily within the capacity of the
PROM used to store the tablet operating system. Moreover,
it turns out that the accuracy is remarkably high consider-
ing the relatively simple and inexpensive construction. 1In
tests that have been conducted with a prototype tablet
using a cursor or puck as the pointing device, it has been
found that a tablet con-structed according to the inven-

tion, with reasonable tolerances used in the grid manufac-
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ture, had an accuracy for a 12” x 12” tablet of better than
+/~ 0.010 inches.

The above-mentioned calculations are implemented as
five distinct algorithms, named FORMULA SET #1-FORMULA SET
#5, and are listed below in pseudocode:

FORMULA SET #1
USED FOR COARSE POSITIONS: 1, 7, 13, 19, 25, 31, 37, 43,
49, 55,
and 6, 12, 18, 24, 30, 36, 42, 48,
54, 60

SUM1 = VIRTUAL[WIRE+1] + VIRTUAL[WIRE-2]
SUM2 = VIRTUAL[WIRE-1] + VIRTUAL[WIRE+2]
IF (SUM1 < 0) AND (SUM2 >= 0) THEN
1) COARSE=WIRE-(WIRE MOD 3) (VIA
LOOK-UP TABLE)
IF COARSE >1 AND COARSE < 60 THEN
N = VIRTUAL[WIRE+1] + VIRTUAL[WIRE-1]
IF N < 0 THEN

D = VIRTUAL[WIRE+2] - VIRTUAL[WIRE+1]
FINE = CNTS + (N/2D)
ELSE
D = VIRTUAL[WIRE-1] - VIRTUAL[WIRE-2]

FINE=CNTS - (N/2D)

FORMULA SET #2
USED FOR COARSE POSITIONS: 3, 9, 15, 21, 27,
33, 39, 45, 51, 57
IF (VIRTUAL{WIRE-2] >= 0) AND (VIRTUAL[WIRE-1] < 0)
THEN
1) COARSE=WIRE-(WIRE MOD 3) (VIA LOOK-UP TABLE)
2) COARSE = COARSE - 3
3) N = VIRTUAL[WIRE-2]
4) D = VIRTUAL[WIRE-2] - VIRTUAL[WIRE-1]
5) FINE = N/D

FORMULA SET #3
USED FOR COARSE POSITIONS: 2, 8, 14, 20, 26,
32, 38, 44, 50, 56
SUM = VIRTUAL[WIRE+1] + VIRTUAL[WIRE-2]
IF (SUM < 0) AND VIRTUAL[WIRE-1] < O THEN
1) COARSE=WIRE-(WIRE MOD 3) (VIA LOOK-UP TABLE)
2) IF COARSE=2 THEN
D = VIRTUAL[WIRE]
EL3E
D = VIRTUAL[WIRE-1] + VIRTUAL[WIRE-2]
D = D + VIRTUAL[WIRE+1]
3) N = VIRTUAL[WIRE-1]
4) FINE = 1 - N/D
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FORMULA SET #4
USED FOR COARSE POSITIONS: 4, 10, 16, 22, 28,
34, 40, 46, 52, 58
IF (VIRTUAL[WIRE+2] < 0) AND (VIRTUAL[WIRE+1] >=0) THEN

1) COARSE=WIRE-(WIRE MOD 3) (VIA LOOK-UP TABLE)
2) COARSE = COARSE + 3
3) N = VIRTUAL[WIRE+1]
4) D = VIRTUAL[WIRE+1]-VIRTUAL[WIRE+2]
5) FINE = N/D

FORMULA SET #5
USED FOR COARSE POSITIONS: 5, 11, 17, 23, 29,
35, 41, 47, 53, 59
SUM = VIRTUAL[WIRE+2] + VIRTUAL[WIRE-1]
IF (SUM >= 0) AND (VIRTUAL[WIRE+l] >= 0) THEN
1) COARSE=WIRE-(WIRE MOD 3) (VIA LOOK-UP TABLE)
2) COARSE = COARSE + 3
3) N = VIRTUAL[WIRE+1]
4) IF COARSE=59 THEN
D=VIRTUAL[WIRE]

ELSE
VIRTUAL[{WIRE-1] + VIRTUAL[WIRE+2]

D
D=D+ D + VIRTUAL[WIRE+1]
5) FINE = N/D.

CNTS in FORMUIA SET #1 is a constant value repre-
sentative of each coarse position (actually equal to the
number of counts per wire spacing). Thus, if one assumes a
total count of, say, 6000 for the furthestmost pointing
device position, each of the 60 coarse positions is
represented by an increment of 100. Thus, for this assumed
example, CNTS=100. COARSE is the coarse position
determined, and FINE is the fine position determined.

The terms "VIRTUAL" and "WIRE" are, respectively,
an array name and a variable name, which cen be explained
as follows.

Because of the symmetry involved, each signal look-
up table which maps the wire number with the MAX signal and
its polarity requires only 15 entries, for N conductors =
15, which will give 1 of 30 coarse positions for each
tablet segment. What is then required is to know, from
wire #16, whether the pointing device is over the left or

right segment. Hence, it is convenient to save memory to
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create a conceptual (not real) virtual data array (called
VIRTUAL), which is an image of the real array for the 15
signal magnitudes but mapped twice over 30 locations. 1In
other words, each signal value for a wire number N is
mapped to two virtual data locations N and N + 15. The
subroutine which converts the raw data to its virtual data
counterpart appears in Fig. 11G. Now, the value of the
variable WIRE representing the array index holding the sig-
nal magnitudes can be extended from 1..15 to 1..30, with
the evaluated virtual positions 1..15 now representing cur-
sor position over the tablet left half and the virtual
positions 16..30 representing cursor position over the
right tablet half. This simplifies the calculations of the
FINE position.

Absolute position is then determined by the sum of
(COARSE X CNTS) plus FINE, giving an integer value of
counts. For, again, an assumed 12" tablet span covering
the range of 6000 counts, each count corresponds to 12 in-
ches/6000 and each count=0.002 inches or 2 mils. Thus, if
the counts value obtained is, say, 1326 counts, the center
of the pointirg device coil is located 1326 X 0.002 or
2.652 inches from the origin of the coordinate axis. This
gives what is known as a raw coordinate. Adjustments are
usually necessary to take into account non-linearities, es-
pecially at the edges, and variations in grid spacings, due
to some conductors being alone, whereas others are crowded
together, and manufacturing tolerances. This is typically
handled with a look-up table which maps the raw coordinate
to an adjusted raw coordinate to compensate for these minor
deviations. The look-up table can be the same for all the
same-sized tablets, thus, say, for all 12 inch tablets. A
different look-up table, determined empirically, would ex-
ist for other sized tablets.

The thus-adjusted raw coordinate is then scaled in
accordance with the user defined resolution, an option
available to the user during start-up. This is similar to



WO 92/14226 PCT/US92/00789 -

-19_

techniques commonly used, the purpose of which is to match
the screen size of the monitor to the significant area
being drawn. As one example, the desired user resolution
is equal to the raw resolution times a constant, where the
constant equals the user lines per inch divided by the raw
lines per inch. The thus-scaled raw coordinate is finally
filtered before being outputted to the host. The filter-
ing, typically digital low pass filtering, is well known in
the art and typically involves an averaging process of the
multiple scans that are made with avoid erratic and in-
consistent data due to user movement or pointing device
position.

The calculations based on the above-described algo-
rithms can be used not only for the grid geometry employing
block-S ends described in this application, but also with
the grid geometry employing Ws described in the parent ap-
plication, Serial No. 503,537.

A feature of this invention, also present in said
parent application, is that each of the fifteen position
conductors have a substantially identical symmetry. That
is, each of the fifteen wires #1...#15 are the same, only
displaced by a distance equal to S/3, where S is the width
of a loop. This generally symmetrical arrangement will
provide coarse positions defined by each loop substantially
uniformly across the full length of one tablet coordinate.
Thus, the staggering pattern of loops over the left tablet
segment is identical to that over the right tablet segment,
and each wire of the fifteen has its loops in corresponding
parts of each segment. Moreover the numbering sequence is
regular, with the #1 wire having its loops at the far left
end of each of the tablet segments, and with the #15 wire
having its loops at the far right end tablet segment.
Still further, the conductors can be scanned in exactly the
same order during each scanning cycle. Typically, this
would be in numerical sequence; thus #1, #2, #3,...#15.
The invention is not limited to this numerical sequence,
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but it is the simplest to implement. Moreover, the scan-
ning current values and directions are the same for all
fifteen conductors. Thus, there is no scrambling of con-
ductors, or of conductor scanning, or of conductor cur-
rents. A major advantage of this feature is the resultant
substantially regular layout, with all of the fifteen con-
ductors having their terminals at the same one edge of the
tablet. This greatly simplifies the conductor layout, and
offers the further advantage of allowing the energizing and
processing circuitry to be located along or adjacent that
same tablet edge, which reduces the length of the inter-
connections and thus tends to reduce undesirable inter-
ference from stray magnetic fields.

As a result of this substantially regular, uniform
pattern of position conductors, it is necessary to add the
sixteenth wire to resolve the inherent ambiguity that the
pointing device can be over either of the block-S or W sec-
tions of the conductor producing the MAX signal during each
scan.

Moreover, some irregularities are present. This is
due to several factors. First, the conductors are
deposited traces on a PCB, and thus have a certain width.
Moreover, it is desirable to minimize the resistance of
each wire to maximize the scanning current for maximum S/N
ratio, for a given size of current driver. This tends to
increase the trace width. A further factor is a preference
for using a silver-based conductive ink for the traces,
which offers certain deposition advantages. But, a silver-
based ink has a higher resistivity than copper. Hence, it
may be found desirable to widen the trace at the center of
adjacent loops at each block end.

Finally, it will be appreciated that many of the
traces, ideally, should be at the exact same position. To
achieve this would require a more expensive construction of
conductor-insulator-conductor involving several deposition
steps. It is preferred, however, that the entire grid pat-
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tern be laid down during the same deposition step.

These factors contribute to an actual layout of the
conductors that deviates from the ideal. Hence, for op-
timum accuracy, a look-up tablet of corrections is provided
for those calculated positions that deviate too much from
the correct value. This type of correction is common in
many commercial tablets.

In the five calculations, the pattern of voltages
active over each coarse position region repeats every six
conductors. But, different combinations of the active
voltages are needed to obtain a substantially linear rela-
tionship to allow for a reasonably accurate fine calcula-
tion using simple voltage differences and ratios. This
will be evident from Figs. 10A-10E, which are graphs show-
ing the signal voltage (ordinate) induced when the wire
numbers indicated are scanned as a function of pointing
device position along the abscissa for the tablet region
indicated by coarse positions C3-C10. The middle horizon-
tal axis is the 0 voltage line. Voltages in the upper half
are positive and voltages in the lower half are negative.
Also shown on each graph for different coarse positions are
one or more straight lines eachnlabelled with two wire num-
bers. These are approximate linear relationships, which
when used as indicated in the relevant FORMULA SET noted on
each of the figures will produce a composite relationship
that has a high degree of linearity.

Thus, FORMULA SET #1 uses the voltage difference
between adjacent wire numbers 2 and 1, and 5 and 4, and the
sum of the voltages at wires 2 and 4, for the fine calcula-
tion for the set of wire numbers and coarse positions indi-
cated above for FORMULA SET #1, which includes coarse posi-
tions C6 and C7. The straight lines representing those
differences and sum voltages are shown for coarse position
C6. Similar lines can be drawn for position C7.

Fig. 10B, for FORMULA SET #2, shows that for coarse
position €9, only the voltage difference between adjacent
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wires 4 and 5 is used. Thus, for coarse position C9, two
of the significant voltages occurring at C9 are used in the
fine calculation. For coarse positions C6 and C7, as noted
above, four of the six significant induced voltages present
are used, which applies to all coarse positions in this
set. In Fig. 10C, the voltage sum of three of the four
significant induced voltages in adjacent wires #s 4, 3 and
6 are used--see the straight line for coarse position C8--
and, again, this applies to all coarse positions in this
set, FORMULA SET #3.

For FORMULA SET #4 (Fig. 10D), the sum of voltages
induced in adjacent wires #s 2 and 3 is used, and for FOR-
MULA SET #5 (Fig. 10E) the sum of voltages induced in ad-
jacent wires #s 1, 3 and 4 is used.

This is one of the more remarkable and unexpected
aspects of this invention; that there exist for a small
number of sets of coarse positions a combination of sum or
difference induced voltages in neighboring wires of the MAX
wire from which a reasonably accurate fine position cal-
culation can be carried out using simple ratios in the com-
putation of linear formulas. In every instance, however,
at least two voltage values, derived from two separate con-
ductors, must be used, so that the interpolation involves a
ratio of sums or difference or both in a linear calcula-
tion. If, instead, the voltage value of a single conductor
were used, that happened to appear to vary linearly over
the range of a coarse position, it would still be unreli-
able because the values measured would not be independent
of the orientation or height of the pointing device and
therefore could not reliably determine a fine position to
close tolerances within that coarse position. The use of
voltage magnitudes of several conductors in the calculation
avoids the dependence on pointing device position and in-
creases reliability.

In general, the following r: ations hold for the
block S and W conductor grids. With N conductors distrib-
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uted over a tablet active area divided up into R segments,
with each conductor having an active portion located in
each segment, a total, CP¢gt, of 2RN coarse positions are
defined. This will require m sets of fine calculations for
n coarse positions in each set separated by CPit/N coarse
positions. For the preferred embodiment, N=15, R=2, CPiot
= 2RN = 60, m=6 and n=10. The same calculation can be used
for two of the coarse position sets.

Figs. 11A-11G are flow charts illustrating a
preferred software implementation of the system which ap-
plies to wires with active W portions, wires with active
block-S portions, and equivalent configurations. Thus, raw
data is searched for the strongest signal which identifies
the closest wire, and as a result of that search a return
to the wire number and its address, shown in block 210.
Next the polarity of the voltage obtained from wire #16 is
used to identify which segment half of the tablet the
pointing device is over, shown at block 211. That informa-
tion is then used to determined the coarse and fine posi-
tions as shown in block 212. If the indication is that the
coarse position is equal to 0, sometimes due to edge ef-
fects, it is necessary to run a second search routine to
jook for the wire number and address of the second
strongest signal, indicated at block 213, after which the
coarse and fine positions are redetermined. The result of
the previous steps is to produce the raw coordinate of the
pointing device position and it then becomes necessary to
compensate for any grid network deviations from the ideal,
which may be implemented conventionally as shown at 214,
and finally the adjusted coordinates are outputted at 215.

Fig. 11B shows a somewhat more detailed flow chart
than Fig. 11A, where blocks 217, 218 and 219 of Fig. 11B
correspond to blocks 210, 211, and 212 of Fig. 11A, respec-
tively, and block 220 indicates the test for whether the
coarse position is equal to O. If the answer is "YES",
then the second search subroutine is called at 221 which
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corresponds together with blocks 222 and 223 to block 213
in Fig. 11A. Block 224 corresponds to block 214, with the
adjustments being derived as indicated from a separate
look-up table. Block 225 shows a technique to provide the
proper scale of the raw coordinates to fill the display on
the host computer, and block 226 indicates some additional
filtering, both of which may be -mplemented conventionally.
Finally, block 227 shows the output of the adjusted coor-
dinates to the host computer.

Fig. 11C shows in blocks 230-236 more details of
the search subroutine which is in pseudocode form, and may
correspond to a conventional MAX computer search routine.
The block 237 assigns for later processing the number of
the MAX wire also to the variable WIRE.

Fig. 11D shows the second search subroutine when
the wire number in the previous processing is determined to
be 0. 1In this routine, which is designed to account for
end effects which distorts the voltage peaks obtained from
each of the wires, the look-up table is scanned in blocks
240 and 241 to find the number of the wire to the left and
to the right of the strongest wire. The values associated
with each of those wires is then assigned to the temporary
variables A and B, at block 242. A test is then made
whether A is greater than B at block 243, and if the answer
is "YES" then the variable WIRE gets assigned the number of
the wire to the left of the strongest wire, and if the ans-
wer is "NO" then the variable WIRE gets assigned the number
of the wire to the right of the strongest wire.

Fig. 11E illustrates a routine for establishing
whether the cursor of the pointing device is over the left
half of the tablet or over the right half of the tablet,
using the polarity of the signal induced in wire #16. How-
ever, it may turn out that the signal from wire #16 is very
weak, which may not be producing an unambiguous indication
as to which segment of the tablet is involved. According-
ly, a so-called "Sanity Check" is carried out as indicated
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in this figure at blocks 253-258, to independently verify
over which segment of the tablet the pointing device is lo-

cated over.
Fig. 11F illustrates the coarse and fine subroutine

which determines which of the FORMULA SET #s 1-5 should be
called in order to calculate the fine position of the
pointing device. The first three blocks 261-263 map the
actual array with 15 locations into the 30 positions of the
virtual array and at that time a test 264 is carried out to
determine whether the value in the array is negative.
Depending upon the answer to that question determines
whether the program branches to blocks 265 and 266, which
call FORMULA SET #1, #3 or #2, or to the right branch of
blocks 267 and 268 which call FORMULA SET #4, #5 or #1.
The expression indicated in each of the test blocks 265-268
when evaluated will produce a number corresponding to one
of the 60 coarse positions which as indicated above where
the FORMUILA SET #s 1-5 are set out in detail indicate which
FORMULA SET is used for which coarse position.

Fig. 11G is the subroutine for the mapping of the
actual array to the virtual array and is self-evident from
the description so far given. That subroutine is called
before the time the test is carried out in block 264 of
Fig. 11F.

It should be understood that while the software de-
scribed in detail is preferred for carrying out the inven-
tion, the invention is not limited thereto and those people
skilled in this art will be able to recogn.ze that there
exists other software routines and algorithms that can be
used to achieve the same results as the one illustrated in
Figs. 11A-11G.

While the invention has been described and il-
justrated in connection with preferred embodiments, many
variations and modifications as will be evident to those
skilled in this art may be made therein without departing
from the spirit of the invention, and the invention as set
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forth in the appended claims is thus not to be limited to
the precise details of construction set forth above as such
variations and modifications are intended to be included

within the scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A digitizer tablet having a conductor array un-

der an active tablet area and a pointing device, the com-
bination when energized with the pointing device over the
conductor array generating electrical signals representa-
tive of the pointing device location over the array with
respect to at least one tablet coordinate,

said conductor array comprising a plurality of in-
dividual elongated conductors capable of selective excita-
tion or selective signal detection, each conductor compris-
ing a plurality of sections each including at least three
active parallel conductor portions, spaced from one another

and distributed under the active tablet area,
means serially interconnecting the active parallel

conductor portions of each conductor such that the current
flowing in any one of the parallel conductor portions is
the same as in any other parallel conductor portion, and
means selectively connectable to each conductor
such that excitation or induced currents flow simultaneous-

ly in all its parallel portions.
2. The digitizer tablet of claim 1, wherein the

parallel conductor portions of each section are laid out in
a horizontal block-S pattern comprising a middle conductor
portion in series with outer parallel conductor portions,
thereby to define at least two tablet coarse positions per

parallel conductor portion.
3. The digitizer tablet of claim 2, wherein the

direction of current flow in the outer portions is the same

but opposite to that of the middle portion.
4. The digitizer tablet of claim 3, wherein each

two of the plurality of sections are located in different

segments of the active tablet area.

5. An electromagnetic digitizer tablet having a
conductor array under an active tablet area and a pointing
device having an inductor, the combination when energized
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with the pointing device over the conductor array will gen-
erate electrical signals representative of the pointing
device location over the array with respect to at least one
tablet coordinate,

said conductor array comprising a plurality of in-
dividual conductors capable of selective excitation or se-
lective scanning, each conductor comprising p equally-
spaced, parallel, active portions where p is at least equal
to 3, said p active portions comprising a common middle
portion in series with at least left and right outer por-
tions such that any current carried by the common portion
is the same as in the outer portions but flows in opposi-
tion to that of the adjacent outer portions,

said pointing device having an inductive coil of a
diameter that is less than the spacing between the common
portion and each of the outer portions,

means for connecting separately and selectively to
each individual conductor a circuit for passing current
therethrough or for detecting current induced therein such
that for each unit of current passing through the common
portion, the same unit current passes through each of the
outer portions,

first means for detecting the polarity and mag-
nitude of the signal induced in each individual conductor
or in the inductive coil when each individual conductor is
excited,

second means for determining from the detected sig-
nal polarity whether the pointing device is over the space
between the common portion and the left or right outer por-
tion.

6. The digitizer of claim 5, wherein each individ-
ual conductor comprises first and second interconnected
spaced sections each comprising a common middle portion and
left and right outer sections, and further comprising third
means for determining whether the inductive coil is over
the first or the second section of each conductor.
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7. The digitizer of claim 6, wherein the third

means comprises an additional individual conductor en-

compassing both the first and second conductor sections.

8. The digitizer of claim 7, further comprising
means for determining from the magnitude of the induced
signals a coarse location of the pointing device with
respect to the conductor array.

9. The digitizer of claim 8, further comprising
means for determining from the magnitude of the induced
signals in adjacent conductors a fine location of the
pointing device with respect to the conductor array.

10. A method of determining pointing device loca-
tion over a digitizer tablet having a conductor system com-
prising N conductors distributed throughout the active area
of the tablet, said tablet active area being divided up
into R segments, said conductors having an active portion
located in each segment and defining 2RN coarse positions,
said tablet and pointing device when energized cooperating
to generate electrical signals whose magnitude and polarity
are indicative of the pointing device location, comprising
the steps:

(a) determining the conductor energized when the
maximum (MAX) signal is generated;

(b) determining a coarse position from the
determination made in step (a):

(c) when the coarse position determined in step (b)
corresponds to at least one first predetermined set of
coarse positions which contains less than zll the coarse
positions, determining the fine position of the pointing
device by a first calculation involving signal magnitudes
associated with conductors adjacent to the conductor
determined in step (a): (d) when the coarse posi-
tion determined in step (b) does not correspond to said
first set of coarse positions, determining the fine posi-
tion of the pointing device by a second calculation dif-

ferent from said first calculation.
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11. The method of claim 10, wherein the members of
said first set of coarse positions differ in number by a
factor of 3R.

12. The method of claim 11, wherein the members of
said second set of coarse positions also differ in number
by a tactor of 3R.

13. The method of claim 10, further comprising:

(e) providing a look-up table mapping coarse posi-
tions to at least the conductor determined in step (a), and
using the look-up table in step (b) to determine coarse
position.

14. The method of claim 13, wherein the look-up
table comprises a first array having a location for each of
the N conductors, said array being indexed by the number of
the conductor determined in step (a).

15. The method of claim 14, wherein the look-up
table is mapped into a second virtual array having two
jocations containing the same value as that of each loca-
tion of the first array and being indexed by the number of
the conductor determined in step (a) and twice that number,
and determining which half of the array to use based on the
polarity of the MAX signal.

16. The method of claim 10, wherein N=15 and R=2.

17. The method of claim 10, wherein the 2RN coarse
positions divide up into m sets of n conductors each with
the same fine calculation used for each of the coarse posi-
tions in each set.

18. The method of claim 17, wherein N=15, R=2,
m=6, and n=10.

19. The method of claim 18, wherein five distinct
fine calculations are employed for six sets of coarse posi-
tions, two of said six sets using the same fine calcula-
tion.

20. The method of claim 19, wherein at least one
of the fine calculations use sums of signal magnitudes on
adjacent conductors, and at least one other of the fine
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calculations uses differences of signal magnitudes in ad-
jacent conductors.

21. An electromagnetic digitizer tablet having a
conductor array under an active tablet area and a pointing
device having an inductor, the combination when energized
with the pointing device over the conductor array will gen-
erate electrical signals representative of the pointing
device location over the array with respect to at least one

tablet coordinate,
said conductor array comprising a plurality of

identical, individual, elongated conductors capable of se-
jective excitation or selective signal detection, each ar-
ray conductor comprising at least first and second segments
spaced apart by a first distance, each segment comprising
at least two active parallel conductor portions spaced
apart from one another by a second distance and the first
and second segments extending respectively under first and
second spaced regions of the active tablet area, said sec-
ond distance being substantially smaller than said first
distance,

means interconnecting the active parallel conductor
portions of each array conductor such that the current
flowing in any one of the parallel conductor portions is
the same as or an integer multiple of that in any other
parallel conductor portion,

all of the conductors’ first segments forming a
first group in a regular order and all of the conductors’
second segments forming a second group in the same regular
order and spaced from the first group such that the elec-
trical signals generated when the pointing device is over a
portion of the first segment of each array conductor will
be substantially the same in polarity and magnitude as the
electrical signals generated when the pointing device is
over a portion of the second segment of the same array con-

ductor,
means selectively connectable to each array con-
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ductor such that excitation or induced currents flow simul-
taneously in all its parallel portions,

each of the first and second conductor segments
comprises three portions and is laid out in a horizontal
pattern and comprises a middle conductor portion in series
with outer parallel conductor portions, thereby to define
at least two tablet coarse positions per first and second

conductor segment.
22. The digitizer tablet of claim 21, further com-

prising means for determining when the pointing device is
over the first or over the second segment of each array
conductor.

23. The digitizer tablet of claim 22, wherein the
means for determining comprises an additional conductor.

24. The digitizer tablet of claim 22, wherein each
array conductor comprises only two segments, and the first
and second tablet area regions correspond respectively to
the left and right halves of the active tablet area.

25, The digitizer tablet of claim 24, wherein the
first group extends under the left half of the active
tablet area and the second group extends under the right
half of the active tablet area.

26. The digitizer tablet of claim 25, wherein each
array conductor first and second segment defines at least
one tablet coarse position.

27. The digitizer tablet of claim 26, vwherein each
array conductor first and second segment defines two tablet
coarse positions.

28. An electromagnetic digitizer tablet having a
conductor array under an active tablet area and a pointing
device having an inductor, the combination when energized
with the pointing device over the conductor array will gen-
erate electrical signals representative of the pointing
device location over the array with respect to at least one

tablet coordinate,
said conductor array comprising a plurality of
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jdentical, individual, elongated conductors capable of se-
jective excitation or selective signal detection, each ar-
ray conductor comprising at least first and second segments
spaced apart a first distance, each segment comprising at
least two active parallel conductor portions spaced apart

from one another a second smaller distance and the first

and second segments extending respectively under first and

second spaced regions of the active tablet area, the con-

ductor segments of each array conductor having the same ge-

ometry such that the terminals of the array conductors lie

adjacent the same side of the tablet without any self-

crossing conductor portions,
ans interconnecting the active parallel conductor

portions of each array conductor such that the current
flowing in any one of the parallel conductor portions is
the same as or an integer multiple of that in any other
parallel conductor portion,

all of the conductors’ first segments forming a
d all of the conductors’

me

first group in a regular order an
second segments forming a second group in the same regular
order and spaced from the first group, whereby the electri-
cal signals generated when the pointing device is over a
portion of the first segment of each array conductor will

pbe substantially the same as the electrical signals genera-=

ted when the pointing device is over a portion of the sec-

ond segment of the same array conductor,
means selectively connectable to each array con=

ductor such that excitation or induced currents flow simul-

taneously in all its parallel portions,
means for determining when the pointing device is

over the first or over the second segment of each array

conductor.
29. An electromagnetic digitizer tablet having a

tor array under an active tablet area and a pointing

conduc
device having an inductor, the combination when energized
ductor array will gen-—

with the pointing device over the con
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erate electrical signals representative of the pointing
device location over the array with respect to at least one
tablet coordinate,

said conductor array comprising a plurality of
identical, individual, elongated conductors capable of se-
lective excitation or selective signal detection, each ar-
ray conductor comprising at least first and second segments
spaced apart by a first distance, each segment comprising
at least two active parallel conductor portions spaced
apart from one another by a second distance and the first
and second segments extending respectively under first and
second spaced regions of the active tablet area, said sec-
ond distance being substantially smaller than said first
distance,

means interconnecting the active parallel conductor
portions of each array conductor such that the current
flowing in any one of the parallel conductor portions is
the same as or an integer multiple of that in any other
parallel conductor portion,

all of the conductors’ first segments forming a
first group in a regular order and all of the conductors’
second segments forming a second group in the same regular
order and spaced from the first group such that the elec-
trical signals generated when the pointing device is over a
portion of the first segment of each array conductor will
be substantially the same in polarity and magnitude as the
electrical signals generated when the pointing device is
over a portion of the second segment of the same array con-
ductor,

means selectively connectable to each array con-
ductor such that excitation or induced currents flow simul-
taneously in all its parallel portions,

means for determining when the pointing device is
over the first or over the second segment of each array
conductor, said means for determining comprising an addi-
tional conductor having a middle conductor connected to two
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outer conductors and extending under the entire active

tablet area.
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