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METHOD AND APPARATUS FOR DIMINISHING 
GRID COMPLEXITY IN A TABLET 

FIELD OF THE INVENTION 

[0001] The invention generally relates to electrical tech 
nology and, more speci?cally, to a method and apparatus for 
diminishing grid complexity in a tablet. 

BACKGROUND OF THE INVENTION 

[0002] Tablets are conventionally used to enter data, such 
as draWings or scripted text, into an electrical system, such 
as a computer. Auser manipulates a transducer, such as a pen 
or a mouse, over the tablet to enter the data. 

[0003] Tablets include complex grid patterns to accurately 
identify the position of the pointer on the tablet. US. Pat. 
No. 4,948,926 to Murakami et al., hereby incorporated by 
reference, illustrates an exemplary complex grid pattern. 

[0004] Complex grid patterns are undesirable because 
they employ more grid lines, more internal and external 
interconnections and more selection multiplexers and other 
circuitry to operate them. Numerous lines and interconnec 
tions require narroWer lines and less space betWeen them 
and, therefore, require more elaborate and expensive grid 
processes and materials, such as etched copper on epoxy 
?berglass, in contrast to less expensive, but less detailed, 
printed methods such as silver ink on Mylar® sheet. There 
fore, there is a need for less complex and less expensive grid 
patterns, and their corresponding position resolving algo 
rithms, that can accurately identify the position of a trans 
ducer, such as a pen or cursor, on a tablet or digitiZer surface. 

SUMMARY OF THE INVENTION 

[0005] The invention solves the above-mentioned prob 
lems in the art and other problems Which Will be understood 
by those skilled in the art upon reading and understanding 
the speci?cation. The invention provides a method and 
apparatus for diminishing grid complexity in a tablet. In all 
embodiments of the invention, reference to a transducer 
includes any device generating a magnetic-?eld including a 
pen, a cursor, a mouse, a puck or other related devices. 

[0006] The invention provides a tWo-Wire resolution grid, 
or antenna Wire pattern, consisting of a ?rst serpentine, and 
a second serpentine overlapping and substantially coplanar 
With the ?rst serpentine. The second serpentine is offset from 
the ?rst serpentine in the direction of the axes of the 
serpentines. Signals from the ?rst and second serpentines are 
analyZed to determine transducer position Within a period of 
a serpentine in the axis direction. In another embodiment, 
?rst and second serpentines are foldback serpentines. In yet 
another embodiment, the second serpentine is offset from the 
?rst serpentine by approximately ninety degrees, or approxi 
mately one quarter of one period. In one embodiment, the 
loop siZe of ?rst and second serpentines is about one inch, 
resulting in a period of about tWo inches. 

[0007] The tWo serpentine patterns operate together With 
signal processing algorithms, and their associated circuitry, 
to determine transducer position Within a period to high 
dimensional accuracy. The signal pattern of one Wire oper 
ates to compensate for the signal pattern of the other Wire to 
increase linearity and, therefore, improve position resolution 
and accuracy. Additionally, the tWo-Wire grid linearity helps 
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optimiZe or minimiZe transducer tilt error, Where tilting the 
transducer causes an undesired location change in the data. 

[0008] These tWo-Wire resolution grids are capable of 
determining ?ne position over an about tWo inch period 
When used With a pen transducer. This approximately tWo 
inch resolution distance is limited by the signal strength and 
characteristics of existing pen transducers. Larger loop siZes 
can proportionally increase resolution distance When uti 
liZed With a cursor or other device having a larger diameter 
signal coil. 

[0009] In one embodiment of the invention, loops of the 
serpentines of a resolution grid are rectangular. In a further 
embodiment, loops of the serpentines of a resolution grid are 
rounded. In yet another embodiment, loops of the serpen 
tines of a resolution grid are angled. 

[0010] In a further embodiment, the invention provides a 
three-Wire resolution grid consisting of a ?rst serpentine, a 
second serpentine overlapping and substantially coplanar 
With the ?rst serpentine and a third serpentine overlapping 
and substantially coplanar With the ?rst and second serpen 
tines. The second serpentine is offset from the ?rst serpen 
tine in the direction of the axes of the serpentines. The third 
serpentine is offset from both the ?rst and second serpentines 
in the direction of the axes of the serpentines. Signals from 
the serpentines are analyZed to determine transducer posi 
tion Within a period in the axis direction. Use of three Wires 
improves linearity of the signal processing over a period of 
the resolution grid to increase feasible resolution distance 
relative to a tWo-Wire resolution grid When used With a given 
transducer. As an example, if a tWo-Wire grid is limited to a 
period of tWo inches due to transducer characteristics, a 
three-Wire resolution grid Would be capable of spanning a 
distance proportional to the number of Wires, i.e., a period of 
three inches. In another embodiment, ?rst, second and third 
serpentines are foldback serpentines. In yet another embodi 
ment, the second serpentine is offset from the ?rst serpentine 
by approximately sixty degrees and the third serpentine is 
offset from the ?rst serpentine by approximately one hun 
dred tWenty degrees. 

[0011] In a still further embodiment, the invention pro 
vides a multi-Wire resolution grid comprising three or more 
overlapping and substantially coplanar serpentines. Each 
serpentine is offset from the ?rst serpentine in the direction 
of the axes of the serpentines. Signals from the serpentines 
are analyZed to determine transducer position Within a 
period of a serpentine in the axis direction. Use of three or 
more Wires improves linearity of the signal processing over 
a period of the multi-Wire resolution grid to increase feasible 
resolution distance relative to a resolution grid using feWer 
Wires When used With a given transducer. As an example, if 
a three-Wire-grid is limited to a period of three inches due to 
transducer characteristics, a ?ve-Wire resolution grid Would 
be capable of spanning a distance proportional to the number 
of Wires, i.e., a period of ?ve inches. In another embodiment, 
each serpentine is a foldback serpentine. In yet another 
embodiment, each serpentine is offset from other serpentines 
by an amount equal to approximately one hundred eighty 
degrees divided by the total number of serpentines. 

[0012] In one embodiment, the invention provides a direc 
tion grid consisting of one tWo-Wire resolution grid. The one 
tWo-Wire resolution grid consists of one period of the ?rst 
and second serpentines such that absolute transducer posi 
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tion is determinable in one dimension in the direction of the 
axis of the resolution grid. In a further embodiment, the ?rst 
and second serpentines are foldback serpentines. 

[0013] In another embodiment, the invention provides a 
directional grid consisting of tWo substantially coplanar 
resolution grids overlaid upon a substantially common axis. 
A?rst, or ?ne, resolution grid includes tWo or more periods. 
The ?ne resolution grid consists of a tWo-Wire resolution 
grid. A second, or coarse, resolution grid includes one or 
more periods. The coarse resolution grid consists of a 
multi-Wire resolution grid. The length of the period of the 
coarse resolution grid is greater than the length of the period 
of the ?ne resolution grid. The one or more periods of the 
coarse resolution grid substantially cover the multiple peri 
ods of the ?ne resolution grid. Relative position Within a 
period of the ?ne resolution grid is compared to the relative 
position Within a period of the coarse resolution grid such 
that the period of the ?ne resolution grid generating the 
signal can be determined and an absolute transducer position 
in one axis can be calculated. In this manner, accuracy can 
be de?ned by the period of the ?ne resolution grid While the 
coarse resolution grid alloWs determination of Which period 
generated the signal. In yet another embodiment, the reso 
lution grids are substantially concentric. In a further embodi 
ment, the resolution grids comprise foldback serpentines. 

[0014] Any resolution grid containing more than one 
period may include fractional periods. As an example, a ?ne 
resolution grid may contain four and one-half tWo-inch 
periods in use With a coarse resolution grid having three 
three-inch periods to cover substantially the same grid 
pattern area. 

[0015] In a further embodiment, the invention provides a 
direction grid comprising a ?ne resolution grid and tWo or 
more coarse resolution grids. Each tWo or more coarse 

resolution grids overlay a portion of the ?ne resolution grid. 
The ?ne resolution grid consists of a tWo-Wire resolution 
grid. The combined tWo or more coarse resolution grids 
substantially cover the multiple periods of the ?ne resolution 
grid. The coarse resolution grids overlay the ?ne resolution 
grid such that the coarse and ?ne resolution grids substan 
tially share a common axis and plane, and the coarse 
resolution grids overlay substantially different portions of 
the ?ne resolution grid. Relative position Within a period of 
the ?ne resolution grid is compared to the relative position 
Within a period of a coarse resolution grid such that the 
period of the ?ne resolution grid generating the signal can be 
determined and an absolute transducer position in one axis 
can be calculated. In this manner, accuracy can be de?ned by 
the period of the ?ne resolution grid While the tWo or more 
coarse resolution grids alloW determination of Which period 
of the ?ne resolution grid generated the signal. In a still 
further embodiment, the coarse resolution grids are concen 
tric. In yet another embodiment, the coarse resolution grids 
are segmented and substantially adjacent. In a still further 
embodiment, the periodic length of the segmented coarse 
resolution grids substantially equals the periodic length of 
the ?ne resolution grid, and one coarse resolution grid 
overlays each period of the ?ne resolution grid. 

[0016] In yet another embodiment, the invention provides 
a directional grid comprising a ?ne resolution grid, a coarse 
resolution grid and a lateral resolution grid. The lateral 
resolution grid consists of a ?rst foldback serpentine. The 
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coarse resolution grid and lateral resolution grid overlay the 
?ne resolution grid such that all grids substantially share a 
common axis and plane. The lateral resolution grid substan 
tially covers the multiple periods of the ?ne resolution grid. 
Relative position Within a period of the ?ne resolution grid 
is compared to the relative position Within a period of the 
coarse resolution grid such that the period of the ?ne 
resolution grid generating the signal can be determined to be 
in one of tWo positions, each possible value occurring in 
different hemispheres of the grid plane. The lateral resolu 
tion grid alloWs determination of the hemisphere of the grid 
plane containing the period of the ?ne resolution grid 
generating the signal such that an absolute transducer posi 
tion in one axis can be calculated. In this manner, accuracy 
can be de?ned by the period of the ?ne resolution grid While 
the coarse resolution grid and lateral resolution grid alloW 
determination of Which period of the ?ne resolution grid 
generated the signal. In still another embodiment of the 
invention, the lateral resolution grid further comprises one 
or more fragmented foldback serpentines. The one or more 
fragmented foldback serpentines of the lateral resolution 
grid overlay substantially different portions of the ?ne 
resolution grid, each being substantially concentric With the 
?rst foldback serpentine of the lateral resolution grid. 

[0017] It should be noted that both the coarse and lateral 
resolution grids described provide primarily a gross posi 
tioning of the transducer location, While the ?ne resolution 
grid determines accuracy. Accordingly, both coarse and 
lateral resolution grids may hereinafter be described as gross 
resolution grids. 

[0018] The invention also provides for a tablet comprising 
a ?rst directional grid, or x-grid, and a second directional 
grid, or y-grid. The x-grid and y-grid each include one or 
more resolution grids. The x-grid and y-grid are overlaid and 
rotated about each other. Determination of absolute trans 
ducer position in one axis of each grid alloWs for a deter 
mination of absolute transducer position Within the plane of 
the x-grid and y-grid. In another embodiment, the y-grid is 
substantially coplanar to, and rotated ninety degrees from, 
the x-grid. 

[0019] In further embodiment, a tablet comprises an x-grid 
and a y-grid. An x-axis multiplexer is coupled to the x-grid. 
A y-axis multiplexer is coupled to the y-grid. An ampli?er 
and ?lter is coupled to the x-axis and y-axis multiplexors. A 
synchronous detector is coupled to the ampli?er and ?lter. 
An analog to digital (A/D) convertor is coupled to the 
synchronous detector. A NAN D gate circuit is coupled to the 
A/D converter. A processor is coupled to the NAND gate 
circuit. A ?rst level converter is coupled to the processor. A 
second level converter is coupled to the processor. The 
x-grid and y-grid each include a ?ne resolution grid and one 
or more gross resolution grids. Each ?ne resolution grid 
consists of a ?rst serpentine and a second serpentine over 
lapping the ?rst serpentine. Signals from the serpentines of 
the resolution grids are analyZed to determine transducer 
position. 

[0020] In yet another embodiment, a system comprises a 
processor and a tablet coupled to the processor. The tablet 
includes an x-grid and a y-grid. An x-axis multiplexer is 
coupled to the x-grid. Ay-axis multiplexer is coupled to the 
y-grid. An ampli?er and ?lter is coupled to the x-axis and 
y-axis multiplexors. A synchronous detector is coupled to 
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the ampli?er and ?lter. An analog to digital convertor 
is coupled to the synchronous detector. ANAN D gate circuit 
is coupled to the A/D converter. A second processor is 
coupled to the NAND gate circuit. A ?rst level converter is 
coupled to the second processor. Asecond level converter is 
coupled to the ?rst and second processors. The X-grid and 
y-grid each include a ?ne resolution grid and one or more 
gross resolution grids. Each ?ne resolution grid consists of 
a ?rst serpentine, and a second serpentine overlapping the 
?rst serpentine. The signals from the serpentines of the 
resolution grids are analyZed to determine transducer posi 
tion. In another embodiment, one or more resolution grids 
comprise foldback serpentines. 

[0021] In a still further embodiment, a system comprises 
a processor and a tablet coupled to the processor. The tablet 
includes an X-grid and a y-grid. An X-aXis multipleXer is 
coupled to the X-grid. A y-aXis multipleXer is coupled to the 
y-grid. An ampli?er and ?lter is coupled to the X-aXis and 
y-aXis multipleXors. A synchronous detector is coupled to 
the ampli?er and ?lter. An analog to digital convertor 
is coupled to the synchronous detector. ANAN D gate circuit 
is coupled to the A/D converter. A second processor is 
coupled to the NAND gate circuit. A ?rst level converter is 
coupled to the second processor. Asecond level converter is 
coupled to the ?rst and second processors. The X-grid and 
y-grid each include a ?ne resolution grid and one or more 
gross resolution grids. In another embodiment, one or more 
resolution grids comprise foldback serpentines. 

[0022] In yet another embodiment, a system comprises a 
processor and a tablet coupled to the processor. The tablet 
includes an X-grid and a y-grid. An X-aXis multipleXer is 
coupled to the X-grid. A y-aXis multipleXer is coupled to the 
y-grid. An ampli?er and ?lter is coupled to the X-aXis and 
y-aXis multipleXors. A synchronous detector is coupled to 
the ampli?er and ?lter. An analog to digital convertor 
is coupled to the synchronous detector. ANAN D gate circuit 
is coupled to the A/D converter. A second processor is 
coupled to the NAND gate circuit. A ?rst level converter is 
coupled to the second processor. Asecond level converter is 
coupled to the ?rst and second processors. The X-grid and 
y-grid each include a ?ne resolution grid, a coarse resolution 
grid, and one or more gross resolution grids. In another 
embodiment, one or more resolution grids comprise fold 
back serpentines. 

[0023] The total siZe of a resolution grid, direction grid, 
grid pattern or tablet of the invention is limited only by the 
siZe and number of serpentine periods and grid layers, and 
the practical limitations imposed by their electrical proper 
ties such as induction, capacitance, resistance and other 
properties. 
[0024] In each embodiment, as Will be apparent to those 
skilled in the art upon reading the speci?cation, additional 
lines or resolution grids can be used around the edges to 
further eXpand the siZe of the tablet and to handle unique 
characteristics of the tablet associated With the boundary or 
edges. 
[0025] It is an advantage of the invention that tablet cost 
and complexity is reduced, and grid accuracy is enhanced or 
maintained. 

BRIEF DESCRIPTION OF THE FIGURES 

[0026] FIG. 1A illustrates one embodiment of a grid 
pattern. 
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[0027] FIG. 1B illustrates one embodiment of a direc 
tional grid. 

[0028] FIG. 1C is a block diagram of signal values of one 
embodiment of a directional grid. 

[0029] FIG. 1D illustrates one embodiment of a serpen 
tine. 

[0030] FIG. 1E illustrates one embodiment of a foldback 
serpentine. 
[0031] FIG. 2 illustrates one embodiment of a ?ne reso 
lution grid incorporating rectangular foldback serpentines. 

[0032] FIG. 2A illustrates a rounded serpentine. 

[0033] 
[0034] FIG. 3A illustrates one embodiment of one period 
of a serpentine. 

[0035] FIG. 3B illustrates one embodiment of a sinusoidal 
amplitude distribution. 

[0036] FIG. 3C illustrates one embodiment of tWo offset 
serpentines of a ?ne resolution grid. 

[0037] FIG. 3D illustrates one embodiment of a sinusoidal 
amplitude distribution corresponding to the ?ne resolution 
grid of FIG. 3C. 

FIG. 2B illustrates an angled serpentine. 

[0038] FIG. 4A illustrates one embodiment of a coarse 
resolution grid. 

[0039] FIG. 4B illustrates one embodiment of a sinusoidal 
amplitude distribution corresponding to the coarse resolu 
tion grid of FIG. 4A. 

[0040] FIG. 4C illustrates one embodiment of a foldback 
serpentine of a lateral resolution grid. 

[0041] FIG. 4D illustrates one embodiment of a sinusoidal 
amplitude distribution corresponding to the foldback ser 
pentine of FIG. 4C. 

[0042] FIG. 4E illustrates one embodiment of a frag 
mented foldback serpentine of a lateral resolution grid. 

[0043] FIG. 4F illustrates one embodiment of a sinusoidal 
amplitude distribution corresponding to the fragmented 
foldback serpentine of FIG. 4C. 

[0044] FIG. 4G illustrates one embodiment of a lateral 
resolution grid. 

[0045] FIG. 4H is a block diagram of section, segment 
and side values of one embodiment of a directional grid. 

[0046] FIG. 5A illustrates one embodiment of a seg 
mented grid. 

[0047] FIG. 6 illustrates one embodiment of a data sys 
tem. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0048] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings Which form a part hereof and in Which is shoWn by 
Way of illustration speci?c preferred embodiments in Which 
the invention may be practiced. These embodiments are 
described in suf?cient detail to enable persons skilled in the 
art to practice the invention, and it is to be understood that 
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other embodiments may be utilized and that logical, 
mechanical and electrical changes may be made Without 
departing from the scope of the invention. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense. 

[0049] The invention provides a grid pattern having a 
reduced complexity. As illustrated in FIG. 1A, one embodi 
ment of the grid pattern 102 includes tWo overlapping 
directional grids, an x-grid 104 and a y-grid 106, to ascertain 
the position of a transducer 114 respectively in the x- and 
y-axes. In another embodiment, each directional grid 104, 
106 includes tWo or more different overlapping grids. The 
grids are formed by periodic patterns as Will be subsequently 
illustrated. Thus, for example, each directional grid 104, 106 
includes a ?ne resolution grid 112, a coarse resolution grid 
110 and a lateral resolution grid 108, as illustrated in FIG. 
1B. 

[0050] If the grid pattern is relatively small, in an alter 
native embodiment, only ?ne and coarse resolution grids 
112, 110 are used. It Will be apparent to one skilled in the art 
that absolute transducer position is de?ned using only ?ne 
and coarse resolution grids 112, 110 Where the total length 
of a directional grid is less than or equal to the quantity 
n*m/(n—m), Where n is the periodic length of coarse reso 
lution grid 110 and m is the periodic length of ?ne resolution 
grid 112. At this length, alignment of periods of ?ne and 
coarse resolution grids 112, 110 occurs only once, thus 
providing for unique signal resolution. For longer lengths, 
additional resolution grids are necessary to resolve repetition 
of alignment patterns. The grid pattern of the exemplary 
embodiment of FIG. 1B, using three layers of resolution 
grids, presumes a repetition of alignment patterns of the ?ne 
and coarse resolution grids 112, 110. 

[0051] As an example, consider a three layer directional 
grid having a ?ne resolution grid 112 With six 2-inch 
periods, a coarse resolution grid 110 With four 3-inch periods 
and a 12-inch lateral resolution grid 108 utiliZing a foldback 
serpentine and a fragmented foldback serpentine. FIG. 1C is 
a block diagram representing the signals generated for a 
given transducer position in this hypothetical example. For 
simplicity, these signals are designated as one, tWo or three 
and are unique for each one-inch segment of the ?ne and 
coarse resolution grids 112, 110 and each hemisphere of the 
serpentines of the lateral resolution grid 108. If a transducer 
is at the location designated e in FIG. 1C, the ?ne resolution 
grid 112 Will detect a signal of 1 indicating that the trans 
ducer location belongs to the set of locations containing a, 
c, e, g, i or k. The coarse resolution grid 110 Will detect a 
signal of 2 indicating that the transducer location belongs to 
the set of locations containing b, e, h or k. Using basic set 
theory, the intersection of sets corresponding to ?ne and 
coarse resolution grids 112, 110 are e and k. There are tWo 
possible transducer locations at this stage of the analysis, 
location e or k, due to the repetition of alignment patterns; 
the alignment pattern of ?ne and coarse resolution grids 112, 
110 beginning at location a is repeated beginning at location 
g. Further resolution by the lateral resolution grid 108 is thus 
necessary. The lateral resolution grid 108 Will detect a signal 
of 1 indicating that the transducer location belongs to the set 
of locations in the ?rst hemisphere, or a location betWeen a 
and f. Analysis of the intersection of the three sets of values 
Will provide a unique position location of e. 
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[0052] If the grid pattern is smaller yet, in a further 
embodiment, only ?ne resolution grid 112 is used. It Will be 
apparent to one skilled in the art that absolute transducer 
position is de?ned using only ?ne resolution grid 112 Where 
the total length of a directional grid is less than or equal to 
the periodic length of ?ne resolution grid 112. 

[0053] In the exemplary embodiment of FIG. 1B, the 
position of the transducer 114 in one axis can be ascertained 
by monitoring the electrical signals present in the different 
resolution grids 108, 110, 112 of the corresponding direc 
tional grid 104, 106. In one embodiment, the transducer 114 
emits a magnetic signal coupled to the grid pattern 102. The 
transducer 114 location can be determined in the folloWing 
manner. First, signals induced in the ?ne resolution grid 112 
are analyZed to determine the relative location of the trans 
ducer 114 Within a period of the ?ne resolution grid 112. 
Second, signals induced in the coarse resolution grid 110 are 
analyZed to resolve Which pair of periods in the ?ne reso 
lution grid 112 to Which the transducer 114 may be proxi 
mate, each period occurring in a different hemisphere of its 
corresponding directional grid. The period of the ?ne reso 
lution grid 112 producing the signal cannot be resolved to a 
unique value upon analysis of coarse resolution grid 110 due 
to repetition of the alignment patterns of ?ne and coarse 
resolution grids 112, 110 of the exemplary embodiment. 
Finally, signals induced in the lateral resolution grid 108 are 
analyZed to identify the speci?c period of the pair of periods 
in the ?ne resolution grid 112 to Which the transducer is 
proximate. HoWever, before describing this technique in 
further detail, a grid pattern provided by the invention Will 
be further described. 

[0054] The invention provides a grid pattern that is less 
complex than conventional grids, to reduce its cost and 
complexity, and to diminish the processing time and com 
plexity of the corresponding electronic circuitry. The 
elemental component of the invention is the serpentine 
Which is a patterned conductor. A serpentine 120, having a 
?rst end 122 and a second end 124, is illustrated in FIG. 1D. 
A variety of the serpentine is the foldback serpentine. A 
foldback serpentine incorporates the basic pattern of the 
serpentine, but it reverses direction such that its ?rst end and 
second end are neighboring. A foldback serpentine 130, 
having a ?rst end 132 and second end 134, is illustrated in 
FIG. 1E. 

[0055] In one embodiment, the invention provides a ?ne 
resolution grid 112 that is comprised of only tWo overlap 
ping serpentine patterns 202, 204 that fold back upon 
themselves, as illustrated in FIG. 2. In another embodiment, 
the length 206 of the periods of each serpentine pattern 202, 
204 is tWo inches. 

[0056] The major legs of a serpentine pattern are those 
legs that are perpendicular to the axis of the resolution grid. 
The axis of the resolution grid is generally parallel to the line 
2A-2A as illustrated in FIG. 2. The minor legs are those 
connecting the major legs. Leg 214 is an example of a major 
leg of serpentine pattern 202 While leg 216 is an example of 
a minor leg of serpentine pattern 202. The shape of the 
serpentine patterns may be rectangular, as shoWn in FIG. 2, 
or they may be rounded, angled or otherWise connected to 
facilitate circuit layout. FIG. 2A is an example of a rounded 
serpentine pattern. FIG. 2B is an example of an angled 
serpentine pattern. The major legs of all serpentines are 
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substantially parallel to one another in the area of grid 
pattern 102 Where determination of transducer position is 
desired. 

[0057] A foldback serpentine has tWo bene?ts. First, the 
amplitude of a signal induced into the foldback grid by the 
transducer 114 is doubled. Second, the foldback grid has a 
symmetrical pattern. Therefore, the foldback grid does not 
require a return conductor Which could pick up spurious 
signals that could cause the transducer 114 location to be 
erroneously determined. 

[0058] Operation of the ?ne resolution grid 112 Will noW 
be described. One period of a serpentine 304 is illustrated in 
FIG. 3A. When a transducer 114 is proximate to the 
serpentine 304, a current is induced in the serpentine 304. As 
the transducer 114 is moved across the serpentine 304 in a 
direction substantially parallel to line 3A-3A, the induced 
current has a sinusoidal amplitude distribution 306 across 
the serpentine 304, as illustrated in FIG. 3B. As the period 
of the serpentine 304 is repeated, the sinusoidal amplitude 
distribution 306 is also correspondingly repeated. 

[0059] By utiliZing the sinusoidal amplitude distribution 
306, the relative position of the transducer 114 can be readily 
resolved Within a period of the serpentine 304. HoWever, the 
speci?c period of the serpentine 304 that is proximate to the 
transducer 114 can not be identi?ed. 

[0060] Furthermore, the position of the transducer 114 
cannot be accurately resolved in regions of the serpentine 
304 Where the sinusoidal amplitude distribution 306 is 
non-linear. The diminished accuracy arises because of the 
reduced slope of the sinusoidal amplitude distribution 306 in 
such non-linear regions 308. This problem is knoWn as 
S-curve error. To diminish S-curve error, conventional ?ne 
resolution grids 112 use at least three separate serpentines 
304. HoWever, the use of so many serpentines 304 and 
corresponding requisite electronic circuitry increases com 
plexity and cost. 

[0061] To improve measurement accuracy, but diminish 
complexity and cost, the ?ne resolution grid 112 according 
to the invention includes tWo serpentines 304, 310, as 
illustrated in FIG. 3C. The second serpentine 310 overlaps 
and is offset by approximately ninety degrees from the ?rst 
serpentine 304. 

[0062] One method of accurately determining transducer 
114 location Within a period of a serpentine 304 that is part 
of a ?ne resolution grid 112 having tWo serpentines Will noW 
be described. This method is accurate, in part, because it 
reduces S-curve error. 

[0063] Each serpentine 304, 310 has a corresponding 
sinusoidal amplitude distribution 306, 312, as illustrated in 
FIG. 3D and described above. Aperiod 370 of a serpentine 
304, 310 and its corresponding sinusoidal amplitude distri 
bution 306, 312 comprise eight sections 372, 374, 376, 378, 
380, 382, 384, 386. 

[0064] The section to Which the transducer 114 is proxi 
mate can be readily ascertained by evaluating the phase and 
magnitude of the signal induced into the ?ne resolution grid 
112. For example, When the transducer 114 is proximate to 
a section 374 of a period in a ?ne resolution grid 112, the 
signal induced into a ?rst serpentine 304 has a relative 
magnitude less than or equal to V2 and a relative phase that 
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is negative. The signal induced into a second serpentine 310 
has a relative magnitude greater than or equal to V2 and a 
relative phase that is negative. 

[0065] The position of the transducer 114 Within a period 
of a serpentine can be more accurately and precisely deter 
mined, as Will be subsequently illustrated. In each section, 
386, the slopes of the magnitudes of the sinusoidal ampli 
tude distributions 306, 312 are correspondingly relatively 
loW and high. The loW slope of one of the sinusoidal 
amplitude distributions 306, 312 gives rise to the S-curve 
error. To reduce the S-curve error, and thus enhance the 
accuracy of determining transducer 114 location, transducer 
114 position is calculated using the ratio of the relative 
signal magnitudes, Where the relative magnitude of the 
signal having a relatively loW slope is placed in the denomi 
nator of the ratio. 

[0066] Because only tWo serpentines 304, 310 need to be 
used to accurately determine the location of a transducer 
Within a period of those serpentines, 304, 310, a less 
complex and less expensive grid and associated electronic 
circuitry can be implemented. Furthermore, the speed of 
determining the location of a transducer 114 is improved 
because feWer serpentines 304, 310 are used in the grid 102. 

[0067] In a further embodiment of the invention, a method 
of determining transducer 114 location on a grid pattern 102 
having a ?ne resolution grid 112 With tWo serpentines 304, 
310, Will noW be illustrated. In one embodiment, the grid 
pattern 102 includes an x-grid 104 and a y-grid 106 having 
identical dimensions. However, the method can readily be 
modi?ed by one skilled in the art When used With an x-grid 
104 and y-grid 106 having different dimensions. 

[0068] In one embodiment, each x-grid 104 and y-grid 106 
include a ?ne resolution grid 112 as illustrated in FIG. 3C, 
a coarse resolution grid 110 as illustrated in FIG. 4A, and a 
lateral resolution grid 108 as illustrated in FIGS. 4C and 
4E. For draWing simplicity and readability, only a portion of 
?ne and coarse resolution grids 112, 110 are represented. 
Furthermore, the foldback lines are not shoWn for ?ne and 
coarse resolution grids 112, 110 as they affect only the signal 
strength, and do not affect determination of position as 
described herein. The ?ne, coarse and lateral resolution grids 
112, 110, 108 overlap one another, as illustrated in FIG. 1B 
and subsequently described. In one embodiment, illustrated 
beloW, the x-grid 104 is approximately ten-inches in length. 

[0069] The serpentines 304, 310 of the ?ne resolution grid 
112 fold back and are respectively designated A and B. In 
one embodiment, the serpentines 304, 310 have a periodic 
length 370 of approximately tWo inches. As described 
above, each period includes eight sections 372, 374, 376, 
378, 380, 382, 384, 386. Because of the ninety-degree offset 
of the individual serpentine patterns, ?ne resolution grid 112 
having ?ve periods in each serpentine Will have an approxi 
mate total length of ten and one-half inches. 

[0070] The coarse resolution grid 110, in one embodiment, 
includes three foldback serpentines 402, 404, 406, respec 
tively designated C, D and E, as illustrated in FIG. 4A. The 
foldback serpentines 402, 404, 406 in the coarse resolution 
grid 110 are successively offset from one another by 
approximately sixty degrees. The foldback serpentines 402, 
404, 406 generate signal patterns 450, 452, 454 respectively, 
as illustrated in FIG. 4B. In a further embodiment, each 
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serpentine 402, 404, 406 has a periodic length 484 of 
approximately three inches. Each period of a serpentine 402, 
404, 406 in the coarse resolution grid includes six segments 
401, 403, 405, 407, 409, 411. Because of the offset of the 
individual serpentine patterns, coarse resolution grid 110 has 
an approximate total length of ten inches. 

[0071] Finally, in one embodiment, the lateral resolution 
grid 108 includes one foldback serpentine 412 designated F 
and illustrated in FIG. 4C, and one fragmented foldback 
serpentine 430 designated G and illustrated in FIG. 4E. The 
foldback serpentine 412 generates signal pattern 460 as 
illustrated in FIG. 4D, and the foldback serpentine 430 
generates signal pattern 462 as illustrated in FIG. 4F. In one 
embodiment, foldback serpentine 412 is substantially con 
centric With fragmented foldback serpentine 430 to form 
lateral resolution grid 108 as illustrated in FIG. 4G. In a 
further embodiment, the serpentine 412 in the lateral reso 
lution grid 108 has a periodic length 486 of approximately 
nine inches and the serpentine 430 in the lateral resolution 
grid 108 has a periodic length 490 of approximately ten 
inches. The period of serpentine 412 in the lateral resolution 
grid includes tWo sides, 416 and 418. The period of serpen 
tine 430 in the lateral resolution grid includes tWo sides, 436 
and 438. 

[0072] The ?ne, coarse and lateral resolution grids 112, 
110, 108 are substantially centered on one another so that the 
edges of ?ne, coarse and lateral resolution grids 112, 110, 
108 are substantially proximate to one another. 

[0073] The following exemplary method is used to deter 
mine the location of the transducer 114 When it is proximate 
to the grid pattern 102. It Will be apparent that through the 
comparison of signals received on resolution grids of vary 
ing periods, an absolute position is determined. In the 
folloWing text, Abs means absolute value of. For conceptu 
aliZation, reference to FIG. 4H provides a block diagram of 
the relative section, segment and side values designated in 
the folloWing method of the invention. 

[0074] Transducer 114 position in the x-axis is determined 
using the x-grid 104. Initially, the section, proximate to the 
transducer 114, in a period of the ?ne resolution grid 112 is 
determined. In the folloWing descriptions, designation of 
section, segment or side value is arbitrary and any value or 
designation may be utiliZed to develop the logic tables for 
use in the invention. Furthermore, it Will be recogniZed by 
those skilled in the art that the chosen placement and spacing 
of the Wires of the resolution grids Will determine actual 
signal characteristics of each resolution grid as the trans 
ducer is moved along the axis of a direction grid. HoWever, 
it Will also be recogniZed by those skilled in the art that the 
appropriate logic tables can be readily developed Without 
undue experimentation from the signal pattern generated by 
each resolution grid in use With the method of the invention 
described herein. 

[0075] The section is determined by calculating the dif 
ference betWeen the vector signals present in serpentines A 
304 and B 310, as illustrated beloW. The section is identi?ed 
as variable qxab. The vector signals present on serpentines 
A 304 and B 310 are identi?ed respectively as xa and xb. 

If xa>=0 And xb<0 And Abs(xb)>xa then qxab=3 (376) 

If xa>0 And xb<=0 And Abs(xb)<xa then qxab=4 (378) 
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If xa<0 And xb<=0 And Abs (xa) >Abs(xb) then qxab=1 
(372) 

(374) 
[0076] Then, the segment, proximate to the transducer 
114, in a period of the coarse resolution grid 110 is ascer 
tained With reference to signal patterns 450, 452, 454. The 
segment is determined by calculating the difference betWeen 
the vector signals present on the serpentines C 402, D 404, 
and E 406. Using three serpentine patterns, this is a digital 
technique, illustrated beloW, because it is not necessary to 
compare the magnitudes of the vector signals in the manner 
used to determine qxab. The segment is identi?ed as variable 
qxcde. The vector signals present on serpentines C 402, D 
404, and E 406 are identi?ed respectively as xc, xd and xe. 

[0077] A value of Zero for qxcde indicates that the trans 
ducer is at or beyond the boundaries of coarse resolution grid 
110. As illustrated in FIG. 4H, ?ne resolution grid 112 
extends beyond the boundaries of coarse resolution grid 110 
such that coarse resolution grid 110 Will not detect a segment 
value When ?ne resolution grid 112 detects a section value 
of 1 or 2 in the ?rst period, or 7 or 8 in the last period. 

[0078] As an alternative method, segment determination 
Within coarse resolution grid 110 can depend on the vector 
signal having the loWest magnitude, thus indicating to Which 
serpentine the transducer is closest. HoWever, since this 
segment pattern Will repeat tWice Within each period of 
coarse resolution grid 110, this method reduces the overall 
direction grid length possible Without providing additional 
resolution grids. 

[0079] Next, the exact position of the transducer relative 
to a proximate period of the ?ne resolution grid 112 is 
calculated, as illustrated beloW. The folloWing method com 
pensates for S-curve error as previously described. xab is the 
relative transducer position Within a period of the ?ne 
resolution grid 112. 

If qxab=4 then xab=1000—(Abs(xb)*250/Abs(xa)) 

If qxab=5 then xab=1000+(Abs(xb)*250/Abs(xa)) 

If qxab=7 then xab=1500+(Abs(xa)*250/Abs(xb)) 

If qxab=8 then xab=2000—(Abs(xb)*250/Abs(xa)) 

[0080] Then, the position of the transducer 114 positions 
relative to the lateral resolution grid 108 is ascertained With 
reference to signal patterns 460, 462. The side is identi?ed 



US 2002/0018052 A1 

as variable qxfg. The vector signals 442, 444 present on 
serpentines F 412 and G 414 are identi?ed respectively as xf 
and xg. 

[0081] Finally, the transducer 114 location is determined 
in the following manner. xab is scaled based upon the value 
of the CDE grid segment, qxcde, and the FG grid side, qxfg. 
To simplify the softWare implementation, qxfg, qxcde and 
qxab are combined into one three-digit number, Where qxfg 
is the most signi?cant bit and qxab is the least signi?cant bit. 
The three-digit number is evaluated to determine hoW to 
scale the relative transducer 114 position xab. 

If three-digit number=101, 102, 113, 114, 125, 126, 
137 or 138 then xab1=xab 

If three-digit number=141, 142, 153, 154, 165, 166, 
117 or 118 then xab1=xab+2000 

If three-digit number=n21, n22, n33, n34, n45, n46, 
n57 or n58 then xab1=xab+4000 

[0082] (Where “n” represents any value for qxfg. Near the 
center of FG it is possible to ignore the value of qxfg because 
of the unique signal combinations of qxab and qxcde. 
Furthermore, ignoring the value of qxfg near the center 
avoids the dif?culties of detecting the polarity shift Which 
involves loW signal magnitude and a susceptibility to trans 
ducer tilt errors.) 

If three-digit number=261, 262, 213, 214, 225, 226, 
237 or 238 then xab1=xab+6000 

If three-digit number=241, 242, 253, 254, 265, 266, 
207 or 208 then xab1=xab+8000 

[0083] Upon calculating the scaled transducer position, 
xab1, in the x-axis, an analogous procedure must be per 
formed to determine the scaled transducer position in the 
y-axis. The scaled transducer 114 position in the y-axis is 
obtained using the same technique used to calculate the 
scaled transducer 114 position in the x-axis. HoWever, 
because the y-axis may be shorter than the x-axis, the 
three-digit numbers used to calculate the scaled y-axis 
transducer 114 position, yab1, may be different than those 
used in the x-axis calculations. 

[0084] Also, it is preferable to fabricate grid patterns 102 
inexpensively. In one embodiment, a grid pattern 102 can be 
fabricated inexpensively With Mylar® insulator and silver 
conductor. Because silver is relatively expensive, it is desir 
able to diminish the number of conductors in the grid pattern 
102. 

[0085] In one embodiment, the number of conductors in a 
coarse resolution grid 110 can be reduced by using a 
segmented grid 502, as illustrated in FIG. 5A. The seg 
mented grid 502 includes serpentine periods 504, each 
coupled to ground through a return line 506 and having a 
unique output 508. Thus, the serpentine periods 504 are 
relatively isolated from one another. In one embodiment, the 
serpentine periods 504 have a length 510 equal to the length 
206 of the serpentine period in the ?ne resolution grid, e.g., 
tWo inches. Using this technique, lateral resolution grid 108 
can be eliminated due to the one-to-one correspondence of 
the individual serpentine periods 504 to periods of ?ne 
resolution grid 112. 

[0086] The coarse resolution grid 110 is overlaid on the 
?ne resolution grid 112 illustrated in FIG. 2 to form a 
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directional grid 104, 106. TWo such directional grids, i.e., an 
x-grid 104 and a y-grid 106, form a grid pattern 102. 
Transducer 114 position on the grid pattern 102 can be 
ascertained in a manner similar to the method previously 
described as understood by persons skilled in the art. For 
example, the relative position of the transducer 114 Within 
one period of a serpentine can be determined in one direction 
With the ?ne resolution grid 112. Then, the exact period of 
the ?ne resolution grid to Which the transducer 114 is 
proximate can be found using the signals from outputs 508 
of the coarse resolution grids 110. Thus, the position of the 
transducer 114 can be accurately and precisely resolved. 

[0087] The pattern according to the invention may be 
incorporated in a tablet. FIG. 6 illustrates one embodiment 
of the invention that is a data system 650 including tablet 
600 coupled to a ?rst processor 640 through a second level 
converter 630. The ?rst processor 640 may by microproces 
sor, such as on Pentium II processor made by Intel Corpo 
ration (Santa Clara, Calif.). 
[0088] The tablet 600 includes a grid pattern 102 having 
an x-grid 104 and a y-grid 106. The outputs of the x-grid 104 
and y-grid 106 are coupled to x- and y-axis multiplexors 
604, 606 in a manner knoWn to persons skilled in the art. The 
outputs of the x- and y-axis multiplexors 604, 606 are 
coupled together to the input of an ampli?er and ?lter 608. 
The outputs of the x- and y-axis multiplexors are provided 
to the input of the ampli?er and ?lter 608 using time division 
multiplexing. 
[0089] The output of the ampli?er and ?lter 608 is coupled 
to a synchronous detector 610. The synchronous detector 
610 is also coupled to a ?rst level converter 612. The ?rst 
level converter 612 is coupled to a transducer, such as a pen 
614 having a sWitch 616. The ?rst level converter 612 
provides a signal to the synchronous detector 610 corre 
sponding to the signal frequency emitted by the pen 614 to 
the grid pattern 102. The synchronous detector 610 is also 
coupled to an analog to digital converter 618. The A/D 
converter 618 is coupled to a ‘NAND gate circuit 620. An 
oscillator 622 is also coupled to the NAND gate circuit 620. 
The NAND gate circuit is coupled to a second processor 
624. The second processor 624 has tWo couplings 626, 628 
to the ?rst level converter 612. The ?rst coupling 626 carries 
a signal from the second processor 624 to the ?rst level 
converter 612 indicating Whether the sWitch 616 has been 
activated. The second coupling 628 carries a signal that 
corresponds to the signal frequency emitted by the pen 614 
to the grid pattern 102. In one embodiment, the signal 
frequency varies With the pressure at the tip of the pen 614. 

[0090] Finally, the second processor 624 is coupled to the 
second level converter 630. In one embodiment, the second 
level converter 630 is an RS-232 level converter. Operation 
of the tablet 600 and data system 650 are understood by 
persons skilled in the art. 

Conclusion 

[0091] The invention provides a method and apparatus for 
diminishing grid complexity in a tablet, and thus reducing 
the complexity and cost of the associated electronic cir 
cuitry. It is an advantage of the invention that tablet cost and 
complexity is reduced, and grid accuracy is enhanced. 

[0092] Those skilled in the art Will recogniZe that although 
the exemplary embodiments discussed a sequence of events, 
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signal processing and evaluation can occur concurrently and 
no absolute order is implied except Where a resultant is 
dependent upon a previously determined quantity. 

[0093] Furthermore, periodic lengths referenced in the 
exemplary embodiments are generally applicable to pen 
transducers. Serpentines having larger periodic lengths can 
be utiliZed for transducers having larger coils and, thus, 
improved signal characteristics. Serpentines With shorter 
periodic lengths Would certainly provide the same function 
ality to obtain the same results, albeit With a possible 
marginal improvement in accuracy. HoWever, such marginal 
improvements in accuracy Would come at the expense of 
increased circuit complexity for a given overall grid pattern 
size. 

[0094] The algorithms described in the speci?cation, and 
their associated circuitry, are for the speci?c exemplary 
embodiments and Will require modi?cation dependent upon 
the component grids chosen to practice the invention. Such 
modi?cation does not require undue experimentation. A 
method is described to create layers of resolution grids for 
resolving transducer position. A?ne resolution grid provides 
measurement accuracy, but Will not provide unique resolu 
tion of signals to an absolute transducer position if the ?ne 
resolution grid contains more than one period. Additional 
resolution grids may be layered With the ?ne resolution grid 
to provide unique resolution of signals. The function of these 
additional resolution grids is described, alloWing the user to 
readily create the logic tables for unique resolution of 
signals based on the component grids utiliZed. 

[0095] One skilled in the art Will also recogniZe that 
unique signal resolution can be accomplished Without logic 
tables. In an alternative embodiment, each resolution grid 
may be evaluated to a set of possible location values rather 
than period sections, segments or sides. For example, con 
sider a three layer directional grid having a ?ne resolution 
grid With six 2-inch periods, a coarse resolution grid With 
four 3-inch periods and a 12-inch lateral resolution grid. If 
a transducer is at a location of ?ve inches, the ?ne resolution 
grid Will detect a signal indicating that the transducer could 
be at a location of one, three, ?ve, seven, nine or eleven 
inches. The coarse resolution grid Will detect a signal 
indicating that the transducer could be at a location of tWo, 
?ve, eight or eleven inches. The lateral resolution grid Will 
detect a signal indicating that the transducer is at a location 
in the ?rst hemisphere, or a location betWeen Zero and six 
inches. Comparison and intersection of the three sets of 
values Will provide a unique position location of ?ve inches 
as this is the only value common to all three resolution grids. 
In practice, of course, each possible location Will be de?ned 
by a detected position With an associated error relating to the 
accuracy of the resolution grid, but the resulting value 
ranges Will intersect at only one common value. 

[0096] It is understood that the above description is 
intended to be illustrative, and not restrictive. Many further 
embodiments Will be apparent to those skilled in the art upon 
revieWing the above description. 

What is claimed is: 
1. A grid used to determine transducer position, consisting 

of: 

a ?rst serpentine; 

a second serpentine overlapping the ?rst serpentine; and 
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Wherein signals from the ?rst and second serpentine are 
analyZed to determine the transducer position. 

2. The grid of claim 1, Wherein the ?rst and second 
serpentines are foldback serpentines. 

3. The grid pattern of claim 1, Wherein the ?rst serpentine 
is offset from the second serpentine by approximately ninety 
degrees. 

4. A grid used to determine transducer position, compris 
ing: 

an x-grid; 

a y-grid; 

Wherein the x-grid and y-grid each include a coarse and a 
?ne resolution grid; and 

Wherein each ?ne resolution grid consists of: 

a ?rst serpentine, 

a second serpentine overlapping the ?rst serpentine, 
and 

Wherein signals from the ?rst and second serpentines 
are analyZed to determine the transducer position. 

5. The grid of claim 4, Wherein the x-grid and y-grid each 
further comprise a lateral resolution grid. 

6. The grid of claim 4, Wherein the ?rst and second 
serpentines are foldback serpentines. 

7. The grid of claim 4, Wherein the ?rst serpentine is offset 
from the second serpentine by approximately ninety 
degrees. 

8. The grid of claim 4, Wherein the coarse resolution grid 
comprises a plurality of segmented grids. 

9. The grid of claim 4, Wherein the coarse resolution grid 
consists of three serpentines. 

10. A tablet used to determine transducer position, com 
prising: 

an x-grid; 

a y-grid; 

an x-axis multiplexer coupled to the x-grid; 

a y-axis multiplexer coupled to the y-grid; 

an ampli?er and ?lter coupled to the x-axis and y-axis 
multiplexors; 

a synchronous detector coupled to the ampli?er and ?lter; 

an analog to digital (A/D) convertor coupled to the 
synchronous detector; 

a NAND gate circuit coupled to the A/D converter; 

a processor coupled to the NAND gate circuit; 

a ?rst level converter coupled to the processor; 

a second level converter coupled to the processor; 

Wherein the x-grid and y-grid each include a coarse and a 
?ne resolution grid; and 

Wherein each ?ne resolution grid consists of: 

a ?rst serpentine, 

a second serpentine overlapping the ?rst serpentine, 
and 

Wherein signals from the ?rst and second serpentines 
are analyZed to determine the transducer position. 






