Segrrent ed-core inductance in stylus for EM graphical tablet. FIELD OF THE
I NVENTI ON The invention relates to a data entry system conprising a

- graphical tablet and a stylus provided with interaction nmeans for

el ectr onagoes®si nteraction with the tablet in response td’@‘flﬂ@ﬁ/@‘elﬁexerted
on a tip of the stylus. The interaction neans conprises an 5 electrically

conducfi ve | _and.tra n i nductance of the

coil . T%"@“M@eé’“f‘?%d“% cé%gggrrgﬁeussqu@'g%ﬁ%?&r&use with the tablet.
BACKGROUND ART. The user-friendliness of user-interfaces is one of the key
items that -govern 10 the acceptance and spread of data processing systens
t hroughout the consuner and professional nmarket segnents. In this respect,
t he graphical user-interfaces such as touch tablets and graphical tablets
have becone increasingly nore inportant, since "a picture says nore than a
t housand words". For background information, see European patent

applic U S patent 5,231, 381; PHN 13,100) that
di scl g‘ﬂﬁﬁm conprising a plurality of graphical
user-interfaces thaﬁheriﬁvénuaﬁ&a%@kduaﬁw sl Lompriding a Prashivil ttiblene
another and with an LCD. European patent applg?gatlon P-A 0 307 667
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serving as_an antenna for ction of the response of the stylus. The wave
t r ans ninveRtipnAise F@a%gbaég‘ﬁ §“§°f"l’fﬁ 'erll‘ftcwt in the stylus, thereby -

i nducing a voltage of a particul ar frequency The particul ar frequency S
determ ned by a force exerted on the tip of the stylus when contacting the
t abl et BACKGROWBINIY ARTcuit in turn generates a second wave that .i s pigked
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10 the acceptance and spread of data processing systems throughout the consumer and
professional market segments. In this respect, the graphical user-interfaces such as touch
tablets and graphical tablets -have become increasingly more important, since "a picture says
more than a thousand words". For background information, see European patent application

' EP-A 0 421 025 (U.S. patent 5,231,381; PHN 13,100) that discloses data entry systems

15 comprising a plurality of graphical user-interfaces that are functionally and physically
integrated with one another and with an LCD. _

European patent application EP-A 0 307 667 discloses a coordinate input-
system wherein the tablet includes a plurality of electrically conductive loops for
electromagnetic coupling to an LC tuning circuit in the stylus. Each loop in the tablet is

20 alternately generating an electroma@etic wave of a fixed frequency and thereupon serving as

. an antenna for detection of the response of the stylus. The wave transmitted by the loop

excites a tuning circuit in the stylus, thereby inducing a voltage of a particular frequency.
The particular frequency is determined by a force exerted on the tip of the stylus when
contacting the tablet. The tuning circuit in turn generates a second wave that is picked up by

25 the loop. The particular frequency of the second wave is a measure of the exerted force.
Upon detection by the tablet, the particular frequency can be used to control the size of a
cursor shown on the tablet or the thickness of the strokes shown as a result of the data entry.

The tuning circuit includes a coil, which is connected to a capacitor to



‘Upon .detection by the tablet, the particular frequency can be used to
control the size of a cursor shown on the tablet or the thickness of the
" strokes shown as a result of the data entry. The tuning circuit includes-a.?
coi |, whi cHOP¥2¥8hnected to a capacitor t» - forman LC ci PEGMBYSOBIBerrite
core that is noveable into the coil is physically integrated wwth the tip

of the sfophum L@ direuRte Acfeptileasbré that (s nidveable itBeh& Lol KSpIBRNIRY i'ﬁd?g‘mf[ethiEho
.move axially with regard to the_ stylus. The position of tthe core Telative
to the dBfBP«ffthe styls A free mh%!s%ﬂl?e timef e shdes causestibe ¢ipi to monk, axiallya
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667 i nvdhe indugtanes of tiel meitsanda as actesultvtenifreqhenoy Of Se gseillation SetdRPinBe LCThe
displsacg nt of the ferrite 10 core relative to the coil that surrounds it
I nevita fl}g“%enerat es undesirabl e strokes. The undesirabl e strokes occur
because the tip of the stylus nust be shifted axially over about 1-2 mmto
achi eve an _adequat e inductance change. Further, this travel of 1-2 nmis
signifi &Fe O di spl acenent of a conventional witing

oprati on’ tence. - a pLsuRCs OF a857s, Buxdbspf phieht SRpcatiriReA DA% & igueivesnc
sane -f eebmé peobléis,@Sackiowlcdged BiAS] patedt 5,008,985 W&W% of ' farEa! -

Al'so,.. the relatively large displacements give rise to efrroneous position
i ndi‘Cat FR§ ‘?e?é’éfFrﬁﬁ § ¢ surraundstit ingyHably generates wndesingblei sirokbs Thel at i vel y
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20 mm to achieve an adequatedindudtgneetchange. Rurther,cthis twavel 6f P+2DminflR ﬁglﬁﬁéﬁlﬂy ) ( :
entry SE&E@ then the cﬁ‘splacement of a conventional writing implement, such as a ballpoint pen, or
| a felt tipped pen, during normal operation. Hence, a person using the aforesaid stylus doe;-
15 not get the same feel that he has when manipulating a conventional writing implement. Alsﬁ,
" the relatively large displacements give rise to erroneous position indicating readings from the
tablet. Another disadvantage is the relatively small dynamic range of the inductance change.
The relatively small changes in the tuning circuit’s resonant frequency limit the detection
resolution.

20 It is an object of the invention to provide a data entry system using a
force-sensitive stylus whose tip travels over an ergonomically acceptable distance, whose
activation is well detectable by the tablet and whose accuracy in operational use is
considerably higher than that of the prior art.

25 SUMMARY OF THE INVENTION _ : .

' ' To this end, the invention provides a data entry system characterized in
that the transducer means comprises first and second cores for determining an inductance -
value of the coil. The first and second cores are mounted to move with respect to one

“another in response to the force on the tip. The cores are in contact with one another in the

30  absence of the force. . |

| ~ The invention is based on the insight that the inductance value of the-coil

changes dramatically when the cores lose contact in response to the force exerted on the tip.

This losing contact permits unambiguous detection by the tablet. In order to detect this event,

the magnitude of the displacement of the cores relative to one another can be extremely



“force-sensitive stylus whose tip travels over an ergonom cally acceptable
di stance, whose activation is well detectable by the tablet and whose
accuracy in operational use is considerably higher than that of the prior
art. 25 SHONSRWSOF THE | NVENTION To thig end, the inventi oRCHIRSNHEL a data
entry systemcharacterized in that the transducer neans conprises first and
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A large dynamic range and high Q-factor could be attained, e.g., by i

winding the coil round a thin tube that accommodates both cores, at least one of the cores:

15 being slidably mounted in the tube. Apart from the tube being an extra component raising

manufacturing costs and weight, a close fitting of the tube around the cores could hamper the

sliding of the cores when moisture has found its way to the inside of the stylus, e.g., when
the user has inadvertently put the stylus in a glass of vodka.
Preferably, the first core is at least partially arranged inside of the coil
20 and has a fixed position with respect to the coil. The second core is located substantially
outside the coil, and is coupled to the stylus tip for undergoing a displacement in an axial
direction of the coil in response to the force on the tip. An elastic means is provided to exert
a force on the second core opposite to the direction of displacement, the first core
constraining the position of the second core in the absence of the force on the tip. The cores
25 preferably are in physical contact with one another when the force is zero, i.e. the jump in
inductanée' should be significant upon moving the second core.

_ Metal helical springs turn out to be less suitable as an elastic means for
application in the invention. The value of the stiffness attainable, i.c., the ratio of the applied
force and the spring’s change in length, is too low for the intended purpose. Preferably, the

30 elastic element includes a bush with axial compliance such as a concertina sleeve.

. U.S. Patent 4,713,977 discloses a mechanical transmission that comprises
an exampie of a concertina sleeve. The sleeve is provided with twWo pairs of saw-cuts that are
rotated with respect to one another by 90°. A material bridge is located between the saw-cuts
of each single pair. The concertina sleeve in the transmission serves to take up alignment




10 wire is directly wound round the core. The Qfactor is determ ned by
"the ratio of the coil's inductance and the coil's ohmc resistance. A high
Q factor inplies | ow power dissipation, which is particularly relevant to a
battery- 3@P32MEl styl us. A | arge dynamig range and hi gh QPCIEBH0036I d be
attained, e.g., by winding the coil-round a thin tube that- acconmodat es
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Preferably, the 30 elastic elenment includes a bush with axial conpliance
such ag_a concertin | eev S, . Patent 4,713,977 discloses a nechani cal
Fransmpmpﬁ&eﬁﬁgom of a concertina sleeve. The slgeve
i's provided with twanagGhventibh i ¥pIAiHed b&BR b bpea.ﬁﬂe%ahviﬂﬁ&?&eﬁceto one

another by [err]. A material brlggge I's | ocat'e etween the saw cuts of each
si A8 etopthe accomhpanying-drawing: whereine in the transni ssion serves to take up

al i gnment Figure 1 shows part of a data entry system of the invention;
Figure 2 gives a diagram of a stylus for use in a data system in
accordance with the invention;
Figure 3 shows a concertina sleeve for use in the stylus; and
20 - Figure 4 gives a typical diagram illustrating tﬁe dependency of the
-frequency on the relative distance between the cores.
| Throughout the figures, same reference numerals indicate similar or
corresponding features. |

25 DETAILED DESCRIPTION OF THE EMBODIMENTS _ _
Figure 1 gives a diagram of a data entry system 100 in accordance with
the invention. System 100 comprises a graphical tablet 102 and a stylus 104. Tablet 102
comprises a plurality of electrically conductive loops, e.g:, loops 106, 108 and 110 that serve
to locate transmitting stylus 104 relative to tablet 102 in a manner known in the art, e.g., as
30 described in EP-A 0421,025 (U.S. patent 5,231,381; PHN 13,100). ' |
_ Figure 2 gives a schematic diagram of 'stylus 104. A tip 202 of stylus is
integrated with an eldngated member 204. Member 204 is operative to undergo axial
displacements when an axial force. F is exerted to tip 202. An electrically conductive coil 206
is located co-axially with member 204 and is fixed with regard to a casing 208 of stylus 104.



— 4 errors between two shafts and deformation in a variety of directions, as
mawVel|l as to buffer bending forces. However, the present invention adds an
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member 204. Spring element 216 comprises a concertina sleeve as discussed above. Spring
element 216 rests against a support 218 fixed with regard to casing 208. Figure 3 shows an

example of a concertina sleeve. B . i

Operation is as follows. Stylus 104 transmits an electromagnetic wave for
detection by loops 106-110 in tablet 102 in a manner known in the art. The electromagnetic
wave is generated in an oscillation circuit (not shown in further detail) of which coil 2061is a
functional part. The frequency of the electromagnetic wave is determined by, among other
things, the inductance of coil 206. The inductahoe depends on the material of cores 210 and
212 and on their position relative to coil 206. As known, a core in a coil serves to

_concentrate the magnetic field lines, and its geometry governs the degree of concentration of

the filed lines, and thereby the inductance. In the absence of a force F at tip 202, the

frequency of the electromagnetic wave has a predetermined value, dependent on cores 210
and 212 being close together or even being in contact. Within this context, the wording

" "close together” and "in contact” are to be understood as functionally implying that upon

25

30

increasing the distance between cores 210 and 212 the jump in the inductance value occurs.
As soon as a force F is applied to tip 202, member 204 is-displacéd inwaids, taking second
core 212 with it. Disengagement of cores 210 and 212 causes a substantial jump in the '
inductance of coil 206 and therefore in frequency. Upon detection via loops 106-110 in tablet
102, the frequency jump permits an unambiguous detection of the presence of stylus 104.

Further, it is found that the inductance of coil 206 and, therefore, the
frequency of the transmitted wave varies strongly with the distance between cores 210 and
212. Accordingly, the frequency is modulated with the force at tip 202 in a well detectable
manner. The frequency of the transmitted wave lies between two saturation values, namgly
one value corresponding to cores 210 and 212 being in contact and another value



cor respondi ng features. 25 DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Fi gure 1\
_gives a diagramof a data entry system 100 in accordance with the '
i nvention. System 100 conprises a graphical tablet 102 and a stylus 104.
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switch, to be manually operated by the user, or a switch that is functionally integrated with

the transducer means. _ '

15 Stylus 104 can also be provided with a compartment 224, e.g., for
accommodating spare tips 226 and 228. Tips 226 and 228 and tip 202 may be of mutually
different materials or shapes that determine the friction between tablet 102 and stylus 104
when writing or drafting on tablet 102. The user can replace tip 202 by another one that
gives the desired impression of conventional drawing or writing on a sheet of paper. For

20 easy replacement, member 204 fits tightly in holder 214 and is engaged or disengaged by

elastic deformation of holder 214.



- menber 204. Spring el enment 216 conprises a concertina sleeve as discussed
above. Spring elenent 216 rests against a support 218 fixed with regard to
. casing 208. Figure 3 shows an exanple of a concertina sleeve. Operation is
as foll ovwO9SR¥esus 104 transnmits an el egtromagneti c wave fRET/IBYS/0Q63 ection
. by | oops 106-110 in tablet 102 in a manner known in the art. The

el ectr(%mic wave is generated in an oscillatiomTrrcuit (not shown in
further detail) of which coil 206 is a functional y of
the el ectromagnetic wave is determ ned by, anong otm Mﬂﬂim”mm

I nduct ance of coil 206. The inductance depends on Il *COres 210
and 212 and on their position relative to coil 206. As known, a core in a
coil serves to 20 concentrate the magnetic field lines, and its geonetry
governs the degree of concentration of the filed |lines, and thereby the

i nductance. In the absence of- a force F at tip 202, t he frequency of the -
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Vi a qu,@%é?&l.llo in tablet 102, the frequency junp permts an unanbi guous
detection of t’he presence of stylus 104. 30 " Further, it.is
found tithe firstandrsdcandacores are roourited@cmave] withrespecttoconet dnetifer énj mespogsedd t he
transmttfd wave varies strongly with the distance between cores 210 and
212 A&% eg the frequency is nodulated wwth the force at tip 202 in a

wel | detthe bovek aréTBEditact With drieCatioBitein tie db3ende siNEgférced wave |ies between
two _saturation val ues, namely one val ue corresponding to cores 210 and 212

bei MYy 2 contact andThensystes of Glaim 1, wherein:
- the first core is at least partially inserted in the coil;

- the first core has a position that is fixed with respect to the coil;
- the second core is located substantially outside the coil;

A

- the second core is coupled to the stylus tip for undergoing a displacement with regard to
15 the first core in response to the force on the tip; |
- the transducer means comprises elastic means to exert a reaction force on the second core
_against the displacement; '
- theﬁrstcorelsoperanvetooonsnmnthedlsplacementofthe second core in the absence of
the force on the tip.
20 3. The system of Clmm 2, wherein:
- the first core and the coil are fixed with regard to a casing of the stylus;
- the first core includes a first sleeve;
- tl;e tip is physically integrated with an elongated member;
- the elongated member passes through the first sieeve;
25 - the second core includes a second sleeve attached to the elongated member;
- the first sleeve is located between the tip and the second sleeve;
- the elastic means provides an axial compliance.
4. - The system of Claim 3, wherein
* - the stylus cdnipﬁses a holder for holding the elongated member;
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a pressiére sensitive AdtylusHfor use inctheesystam| of Glaim dt @dl 3b ¢, 618 Quser, or a
switch that is functionally integrated with the transducer neans. 15
Stylus 104 can al so be provided with a conpartnent 224, e.g., for
accommodat i ng spare tips 226 and 228. Tips 226 and 228 and tip 202 nay be
of nmutually different materials or shapes that determ ne the friction

bet ween tabl et 102 and stylus 104 when witing or drafting on tablet 102.
"The user can replace tip 202 by anot her one that gives the desired

i npression of conventional drawing or witing on a sheet of paper. For 20
easy repl acenent, nmenber 204 fits tightly in holder 214 and is engaged or

di sengaged by el astic deformati on of hol der 214. N
. . i



- CLAI MS: 1. Data entry system conprising a graphical tablet
fand a stylus provided with interaction nmeans for el ectronagnetic
"interaction with the tablet in response to a force exerted on a tip of the
stylus, t ds laction means conprising an electrically conductive coil
and transducer mneans to affect an inductance of the coil, BEEIBSOHersdzed, in
that 5 - the transducer neans conprises first and second cores for |
determ ning an inductance value of thq gpil; - the first and second cores
are nmounted to nove with respect to one ‘another in response to the force; -
the cores are in contact with one another in thdgglbsence of the force. 10

2. The systemof Caim1, wherein: -\ e first core is at

| east partially inserted in the coil; - theH+st Cofe has a position that
“is fixed with respect to the coil; - the ofe 1s | ocated

substantially outside the coil; - the sg ore 1S coupled to the stylus

tip for undergoing a displacenent with > 15 the first core in

response to the force on the tip; - t S conprises elastic

means to exert a reaction force on thé\g nd coredgai nst the
- onstrain the displacenent
the force on t&ﬁttip. 20 3.
' he coil are fixed
108




‘the first core includes a first sleeve; - the tip is physically

Integrated with an el ongated nenber; - the el ongated nenber passes through
the first sleeve; 25 - the second core includes a second sl eeve attached -
to the elgngated nenber; - the first sleeve is |ocated bet Bgﬁnﬁip and
the secondQP¥B8!l - the .el astic neans provides an axial c rance.. 4
The systemof Claim3, wherein - the stylus conprises a holder for holding
t he el ongat ed nenber; 8 - the elon d nmenber and the hol der are

- di sengagabl e and re-engagabl e under elasTic deformation of the Rolder. 5.
The system of C aim 3, wherein the elastic neans conprises a g Qrtina
sl eeve. 5 6. The systemof Claim4 or 5, whe 7L b hol der
is physically integrated with the elastic neans . 7. A st yl us

for use in the systemof Caim1, 2, 3, 4, 5 or 6.
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