WO 02/ 37410 PCT/ EPO1/ 12897 1 Method of measuring the novenment of an input
device The invention relates to a nethod of neasuring the novenent of an

i nput devoor3amd an object relative to each other al ong BCTER@SR8DNE
measuring axis, the nethod conprising t?e steps of: "illum nating an object
surface with a neasuring | aser beam for each neasuring 5 axis, and -

conver t i gthRddR nRahEthRE Ho9Bmeit Jf AR iNRRdeVite!d beam radi ation reflected by
the object surface into an electric signal, which is representative of the

novenent along said neasuring axis. The invention also relates to an input
device provided with an optical nodule 10 for carrying out the nethod and
to apparatus conprising such an input device. Such a nethod and i nput

devi ce known from European patent application EP-A 0 942 285. The input
device may be an optical nobuse, which is used in a conmputer 15
configuration to nove a cursor across the conputer display or nonitor, for

exanpl e to sel ect ; i I .G nouse i s
noved across a noulélge ‘E‘gﬂﬁ{??qﬁé% ,tdaa ﬂ}e@dﬁ%ﬁ%@onvg& ?%Fﬁ{r%%{c)ﬂ{adr?ﬁgg‘ft nouse.
As descrddvied dnd anRbfecOrelatide 28 Bachtdukeri agngtat thavt ane memyrind sds,ike arethodnver t ed”

optical nouse. The inpgé device is then stationary and, for exanple, built
in the KPMIERE BF siePYekkt op or not ebook or pal m conputer and a human 20

finger is noved Oviiflﬁnﬁrﬁﬁiélg%ﬁ%ﬁ}%@mﬁfatcé a{ﬂrﬁ%@aaﬁﬁﬂ@dﬁ@&mem foRBadhaHSdsHEn O

t he i nput device. | att'er case, e I nput device may be snall,
becadse 4xis aogti cal nodul e for neasuring the finger novenent can be nmade

very small. In fact, the input device i.s reduced to the.optical: asuring
modul e. This opens®@RERES S ISCtﬁgWﬁ’é)ﬁ!qulﬁlin‘B?‘?gnP%_ e?rﬂéaql?{&?treﬁg?}?@ ﬁ'_leor
exanpl e, objédt shtiddinfoumCdléc@ic &3hhl PRhieHid fepieReatiRiflife RBOABedAongBaRt | NG
functions on a nenu and for 25 accessing Internet pages, in a renote

control Beasugiaghsis- a TV set for the sane purposes or in a virtual pen.

EP-A 0 942 285 di oses sever al i . ! i

modui o, in all of 1S BROHBRSyAciER tneb Wl feCe ABGAPRYNEN GRS RN
enbodi mefok 8arrﬁﬁ%’@ﬁi he neetiidf dndas bpmitatgs sdhpikingdicniispuaideqicged cl ose to the
nodul e wi ndow. The grating WO 02/ 37410 PCT/ EPO1/ 12897 2 reflects a portion

of the illum nation beamradiation, preferably radiation diffracted in one
of

Such a method and input device known from European patent application
EP-A 0 942 285. The input device may be an optical mouse, which is used in a computer
15  configuration to move a cursor across the computer display or monitor, for example to select
a function of a displayed menu. Such an optical mouse is moved across a mouse pad by hand,
like the conventional mechanical mouse. As described in EP-A 0 942 285, the input device
may also be an “inverted” optical mouse. The input device is then stationary and, for
example, Built in the keyboard of a desktop or notebook or palm computer and a human
20 finger is moved over, for example a transparent window in the housing of the input device. In
the latter case, the input device may be small, because the optical module for measuring the
finger movement can be made very small. In fact, the input device is reduced to the optical
measuring module. This opens the way to new applications for the input device. For example,
an input function can be built in a mobile phone for selecting functions on a menu and for
25  accessing Internet pages, in a remote control device for a TV set for the same purposes or in a
virtual pen. ‘
EP-A 0 942 285 discloses several embodiments of the optical measuring
module, in all of which homodyne or heterodyne detection is used. All embodiments

comprise a diffraction grating, which is arranged close to the module window. The grating



the first orders, to a detector which also receives a portion of the

radi ation reflected and scattered by the object surface. The | aser

radi ati owaptsnuacted in the first order by the grating iBCOERate87a | ocal

oscillator beam and the detector coherently detects the radiation fromthe
5 object surface using this local oscillator beam The interference of the

| ocal osgflbdtah portidf dMtheANmihifioh HEArA kAdRionehle RGN riiatiohedifcadtin St¢ dACe
reaching the detector give rise to a beat signal fromthe detectar, which
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accurately. This conplicates the manufacture_and increases cpsts of
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par agr ap{?,d t\f/]\ﬁlrdg%\ﬁlsgtr%fgés&g osﬁﬂj g}%ﬁﬁte@dgg% %gﬁlgith%??%fog%gvéa% tgﬁlbgé/\%/s t he use
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operation of the |aser cavity, which are due to'interference of the ,
r e- el er dateptoravhishietamentsishoukkbeoglighediveryaoaratalyt Wbisicgmpliceies/ihey and are
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finger oproan@t her object uses the so-called self-mxing effect in a diode
| aser. is is the phenonenon that radiation emtted by a diode |aser and
re-entering 25 the cavity of the diode |aser induces a variation in the
gain of the laser and thus in the radiation emtted by the |aser. The

obj ect and the input device are noved relative to each other such that the
di rerdi on of noverefstantuifecd of tigioveation iaprotide diniethdd axndeséritiddean tteesepenimgam

Upon novenent of the object and the input, deyice he radi ation scattered
by the oBfresephyathic _%%fa%‘qiwawa FraiBnen Al BiFc3f BOPHFRE
radi ati ofhnelol LA %ehﬁww@mﬂﬁun%ﬁ{s; a8 BHRE t®haRtabice. PARPheho&lS ect . Part

|
of the scat tgered |'i I's focused on the diode laser by the sane lens that

f ocuses tHaeactdrizedrimthit weasndagbeam rdvatiopjrefiectedBrmck almgshemeasuring beap and er ed
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whi ch change due to the self-coupling effect, are the power, the frequency

and WO Othe ®ptidad wewrirEhe 14sepediity agd are representative of the movement, are measured.
The new method measuring the relative movement of an input device and an

object, for example a human finger or another object uses the so-called self-mixing effect in a
diode laser. This is the phenomenon that radiation emitted by a diode laser and re-entering

25 - the cavity of the diode laser induces a variation in the gain of the laser and thus in the
radiation emitted by the laser. The object and the input device are moved relative to each
other such that the direction of movement has a component in the direction of the laser beam.
Upon movement of the object and the input device, the radiation scattered by the object gets
a frequency different from the frequency of the radiation illuminating the object, because of

30  the Doppler effect. Part of the scattered light is focused on the diode laser by the same lens
that focuses the illumination beam on the object. Because some of the scattered radiation
enters the laser cavity through the laser mirror, interference of light takes place in the laser.
This gives rise to fundamental changes in the properties of the laser and the emitted radiation.

Parameters, which change due to the self-coupling effect, are the power, the frequency and



the line wwdth of the |aser radiation and the | aser threshold gain. The
result of the interference in the laser cavity is a fluctuation of the
val ues ofwohzsmiparaneters with a frequency that is equaPCT/BPe11R2897
difference of the two radiation frequencges. This difference is
proportional to the velocity of the object. Thus the velocity of the

obj ect athd linbywvidihtof ghieelasen gadiateon dnidrthe lasérahriesiibld phiac Eheresulobf theéntetferente can
be determﬂ%ga by neasuring the vg}:lue of gne of said paraneters. This
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not requ i
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the self-mxing effect in a fibre-coupled sem conductor | aser: theory" in
Appl i ed WPiregaire agonray ailgnm@niaoftb@emn@on@msz pages 3401-3408. However, up
to now, use of t | f.fec an in 4 def i ned above
has not been sugge lgs ﬂgmﬁ%% epclt Oc,ré?eats)lh r}gsveg sﬁ %9'7'?2 ngjognltlon
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small and cheap that it can be installed eaS|I¥ﬁand wi t hout much
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the asymmetry of the 25 self-mxing signal, preferably another
usedl5 Th’ll"bxsrmwmpglwatloohabaed en tlmadcwgmmdmhat atmeasdmngquule wingtboeetbnt al ong

sai d at ur| axis. is term I n the | ase

cavity Wb EEFGRR BErIAS o0 pih gt pitep L Ain DY id R CaB o WpdE St ana
second ﬁﬁ@ﬁuﬁmﬁgnas}bg@%&lmﬁgumgamgﬁfaratWi ch first and second neasuring
signals are generated during alternating first half d‘;f):erl ods and second

hal f periods, resplicarfedpyleteguharirectionafaryement i-ere deteat whetber tapbieed by a
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Wi th increasing tenpera creasing  cu rou
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conbi nation with radiation fromthe object re-entering the | aser cavity
resul ts fiefemmigtber of

This signal is an asymmetric signal and the asymmetry for a forward

movement is different from the asymmetry for a backward movement.
Under circumstances, where it is difficult to determine the asymmetry of the

25  self-mixing signal, preferably another method is used. This method is characterized in that
the direction of movement along said at least one mcésuring axis is determined by supplying
the laser cavity with a periodically varying electric current and comparing first and second
measuring signals with each other, which first and second measuring signals are generated
during alternating first half periods and second half periods, respectively.

30 The wavelength of the radiation emitted by a diode laser increases, and thus
the frequency of this radiation decreases, with increasing temperature, thus with increasing
current through the diode laser. A periodically varying current through the diode laser in
combination with radiation from the object re-entering the laser cavity results in a number of

radiation pulses per half period and thus in a corresponding number of pulses in the measured



radi ati on pul ses per half period and thus in a correspondi ng nunber of

pul ses in the neasured WD 02/ 37410 PCT/ EPO1/12897 4 signal. If there is no
rel ati ve wmovesmme of the input device and the object, theroUER&ri28d7 signa
pul ses is the same in each half period. jf the device and the object move
relative to each other, the nunber of pulses in one half period is |arger
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second pE&SU ilitgnext Balap&rid, BeedBing dattRe dirédtion @@ edbveibal Bykdmpagnggichod of
measuring the novenent 1s preferably further characterized in that it is
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of a I eleyaARhe RAMARRIES bbb GolASEh ofidY ty. After a cursor of, for
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and a click action by novenent of the object and the ' nput device relative
to each ®¥f#€e. in a first direction parallel to the object surface and in a
second direction s t.ant i ' | : ce. 25 A
scroll action is u%gérsgjtﬁosz)@ut %loﬁ%qé%%g%h&%in?éﬁ#ﬁe{)@%(ﬁggn}aﬁﬁa%? %lré%gherrent of a

cursr  ameaasing bomn ycatfuaiundrefetddy thanbfeet suefbd eschrdythabasenchvity kb Biger i n
a given direction over_in input device. Wth this nethod neasurenents
al ong a ¥ Fasbe deteranipedvhethengatd mpygmgnt Bps beeg perermeyd Ry meagyring dhe chapge af

second | i.al ' ce e
carriedm%ﬁ%g&ﬁﬂgﬂ%Pgé%6%%%?%%2%&%?“#%?%%%@%&%?gpgﬁﬁéﬁﬁ%ﬁH% "ﬁ?ﬂPﬁggﬁg
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click action. Alternatively t t.Wo . : . . .
movement measuring syste}{‘ls orf] %16 input device, this function can be activated by the said

=

20  single movement in the Z-direction.

The method of measuring is more preferably further characterized in that it is
used to determine both a scroll action and a click action by movement of the object and the
input device relative to each other in a first direction parallel to the object surface and in a
second direction substantially perpendicular to the object surface.

25 A scroll action is understood to mean an up down, or down up, movement of a
cursor across a menu. Such an action can be realized by moving a finger in a given direction
over in input device. With this method measurements along a first measurement axis, parallel
to the object surface, and a second measurement axis substantially parallel to this surface
may be carried out. The first measurement furnishes information about the scroll-action and

30  the second measurement furnishes information about the click action. Alternatively the two
measurement axes may be at opposite angles relative to a normal to the object surface. Then
the signals of the two measurement axes both comprise information about the scroll action

and the click action. The specific scroll action information as well as the specific click action



measur enent axes may be at opposite angles relative to a normal to the

obj ect surface. Then the signals of the two neasurenent axes both conprise
i nformat ivomoabawe the scroll action and the click acti onPCTERROIEREY fiC
scroll action information as well as thegspecific click action WO 02/ 37410
PCT/ EPO1/ 12897 5 information can be iso?at ed by appropriate conbining the
si gnal s BforhhiBoh Weh FERSIAIY appedpraiScombifing B E&Id & thO Bv@RRAngN of the
| aser cavity can be determined’in several ways. 5 A first enbodi nent of

t he neasantiongy nethod i s characterized in that the inpedance of the diode

| aser cavity is sur.ed. The, | npedance .of, t he _l.aser .di LS QN t he
paraneters, whic meawggwg%hq ga)efﬂlé’nioﬁtﬂéerlfléeefr gﬁ\ggﬁgafnfbeec egea Eids}n ge\%ga% ction

of the rehw.ive movenent of the input device and the object. This

i npedance can be determ ned by neasuring _ the voltage across the diode |aser
10 an¥ di vi di ng t hd fifsizesehadimeniof theancaspring Hythodds %W%ﬂa@ﬂ@ﬁhﬁhe
electric; t . . | | aser. A preferred enbodi nent of

t he net hg@é{déﬁ%hogﬁgég{‘lgg% %%ﬁltﬁﬁipg%sﬁgai ntensity of the laser radiation

i s measured. MeasuThegnpddandendfeinsiatey difdetihend efsthe paadietrs, whictscHahge duenpl est
way of 15 deternining fhe changes in %H\e‘; | aser cavi tI%/, because, this can be
done wi t o the Eitersrengstrdtest ang is gdunciing of HgdripiwHmaNegertof feigpytexice ARt
devi ce prayped T p%ﬁa&%tdaﬁ%}e deRAkihEd b$ HeaSRThE GolRide aLRRs FRIIRR 1adehi Ch
nodul e conprises at [‘east one | aser, having a §ser cavity, for generating
a el ur ambdibielang the pidasatd Nelaps valwe bydhe/eraymypludef the glegtriomyrisatsent n a 20
pl ane neﬁ]rI t he ogljtogcli and converting neans for converting neasuring beam
radi at i ohro4&rthediods 1456t he object into an electric signal. The said plane
may be plane of a wigstewed Bmbb@meiPsUthE mBediifehRictériAelan thab BlinteAsityifs

wi ndow. This input device is characterized in that the converting nmeans
ar e consthetlageerndinfionfemeass¢chat i on of the | aser cavity and measuring means

: tasceridiyiontie: i avity and n
ntorfor ence o 25 Ry g LRk E e s SRR AL RS LG (e | Bser

cavi 1y agéleintifingfhe Etitingwdinahé Msérvasity, bavduby thigichnfeadone pidts£sitnpld potef t he
rel ati ve npvenent of the object and the nodule. By inplenenting the optical
nodul e | Ai08%; st | ng i nput devices, these can be nmade sinpler, cheaper and

more compact. MO epyeivefE AR elfR b R thpf ddviBbro¥R¥l SRk an optical module

for carrying out the method, which module comprises at least one laser, having a laser cavity,

for generating a measuring beam, optical means for converging the measuring beam in a

20 plane near the object and converting means for converting measuring beam radiation
reflected by the object into an electric signal. The said plane may be plane of a window in the
module housing or a plane near to this window. This input device is characterized /in that the
converting means are constituted by the combination of the laser cavity and measuring means
for measuring changes in operation of the laser cavity, which are due to interference of

25 reflected measuring beam radiation re-entering the laser cavity and the optical wave in this
cavity and are representative of the relative movement of the object and the module.

By implementing the optical module in existing input devices, these can be
made simpler, cheaper and more compact. Moreover, new applications of input devices,
especially in consumer products become possible.

30 A first embodiment of the input device is characterized in that the measuring
means are means for measuring a variation of the impedance of the laser cavity.

A preferred embodiment of the input device is characterized in that the

measuring means is a radiation detector for measuring radiation emitted by the laser.



especially in consuner products becone possible. 30 A first enbodi nent of
the input device is characterized in that the neasuring neans are neans
for neaswonz3aivari ati on of the i npedance of the | aser cpeT/ERII/A8Pref erred
enbodi nent of the input device is characterized in that the nmeasuring
means is a radiation detector for nmeasuring radiation emtted by the |aser.
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such a way that it recelves part of” the radiation of the neasuring beam
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detector for all rreasurl% beams if time- sharing is used. 20 An input
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and fye ﬁe\phfaﬂeﬁbmgﬂl@nﬁhdt&surﬁaceaea@ruﬂ»pand a third neasuring axis, the
first and second axes being parallel to the illum nated surface of t he

obj ect and the t hifAgwilkbeerdpingd latas snathis devicy apd pPeh dpdessarilizgeg o or

our L oce: e A RORIRL o e L Bt SpOBRLCE BBk,

conver t sHoweldtt mlsadls@cis@iﬂ)ld © B gnahndijie same detector for all measuring beams if time-
 sharing is used.

20 An input device which allows a third relative movement of the object and the
device to be determined, is characterized in that it comprises three diode lasers and at least
one detector for measuring a relative movement of the object and the device along a first, a
second and a third measuring axis, the first and second axes being parallel to the illuminated
surface of the object and the third axis being substantially perpendicular to this surface.

25 This embodiment of the input device recognizes a single movement of the
object and the device along the third measuring axis and converts it into an electric signal by
means of which a click action may be determined.

An input device which allows to determine both a scroll action and a click
action is characterized in that it comprises two diode lasers and at lest one detector for

30 measuring relative movements of the object and the device along a first measuring axis
parallel to the object surface and along a second measuring axis substantially perpendicular
to the object surface.

The first measuring axis is used to determine a scroll action and the second

masuring axis is used to determine a click action.



means of which a click action may be determ ned. An input device which
allows to determ ne both a scroll action and a click actionis

charact ewaezsi4mo t hat it conprises two diode |asers and apPCT/&Bt1/128%
detector for 30 neasuring relative noveprents of the object and the device
along a first neasuring axis parallel to the object surface and al ong a
second neasuring aXltanshebt tittihgitldgvice npgrbdichutaterizédintthat indyremisestwd ace.
The first neasuring axis is_used to determ ne a scroll awld’lon and th

second @euxaﬁ%@a ptdeast ongsdstecies famERTHrng refaidys mRVeRRatLef thepPigsy 289449

PCT/ EPO t in
That ¢ osarcerengn el Bl e A B R A e g
rel ati veammﬂrm"llﬂlsobj‘ecttdmefaodoj ect and the device along a first and a second

measyring axis, ch ar osite . angles w th respect normal to
Tha”ah oot “sur t acotegidils Gom RRRRedstrf B clinbty IiaRthbe homind SR

i nf or mat4cABn ak@te IR adifdnind by%bfc@ﬁa&rt@n{bﬁlﬁn% tHeGkfoRhti@oRwE thy

approprl ate conbining the infdrnation of WO neasuring axes the

speci f i oneasnohg azestthespecificocrltaction infarmpasionsen he ésolates anwell agtherspecifipeci fi ¢
click actlcg Ainfor ITB.tItOI’l Wth respect to the constructional aspect, the
i nput de‘i}ﬁ & h%“ﬁ%w&' 'Ye&veral 10 enbodiments. A first enbodi nent is

characterized in twah rédpectap thedhstiRAidEa1COpaL, I tEEMpat dedie may hargederhlet ween
said at | east one |aser and associ ated detector on the one hand, and an

act {10 pmehpsiimenis A &irg epmbpdimentiis chawcierizedindhatsheonticabments GRAEEES 3 leBRed
eccentri aﬁ'gz!r?§¥%#t%en 53 REELst B{?e 10& Anﬁ%z%sogﬁ%@z%‘iéc?& oB'tﬁé“ﬁné RarldMA& &f 0od to

nmean a p ere novenent 1S neasu ne where novenent
t akes plaation piuheydrethe otheaharde thenit ldastoone laser beieg pﬁh&omltacoamtnq:ﬂllynmthmy be
the plane of a w Pdow in the device housing or a plane near to this w ndow.
The | endesREFt 191G 1608¢ at i onal |y symmetric | ens or nmay have another shape.

Due to the eccentgj ﬁctﬂﬁﬁﬂﬁde%‘ ufderdth&d {oatﬁ@afnsa %ﬁ‘aﬁé‘wﬁ&@ R&fdvehntent REnéRRRd,

elenment, it is ensured corresponding i11um nation beams are incident
on tlje viiendplanofwhcnemdeanod taes placaend wherghas@ement heaats artiness dhbeetinn have a

t al t, For the f
bl anadBie BaRbe T Pounoay L eenfie Ftfae o4 licref ko B BRGPYod o
nean t herigyieR®hY be a&b@u&{auw?mh@u% 1eR§ Oltllﬂ B UHNGtheHiaph. B o the

per pendi cul ar to the wi ndow of the nodul e. f t hi s enbodi nent conprises two
di ode | sgseenric ppsitiely obiée dasansacitheteppast td the lang element, it is ensured that

corresponding illumination beams are incident on the window of the device at an acute angle
20  so that these beams have a component along the associated measuring axis. For the following
explanation, the term optical axis is introduced, which is understood to mean the symmetry
axis of the lens, or the module, which axis is perpendicularr to the window of the module.
If this embodiment comprises two diode lasers, it may be characterized in that
the diode lasers are arranged such fhat the lines connecting their centers with the optical axis

25  of the lens are at an angle of substantially 90° with respect to each other.

Tf thic amhadiment ramnricece thraa dinde lacere it mav ha characterized in



the diode | asers are arranged such that the lines connecting their centers
with the optical axis 25 of the lens are at an angle of substantially 90

wi th respeav2smaieach other. If this enbodi ment conprises pareeodizede | asers
it may be characterised in WO 02/37410 PCT/ EPO1/12897 8 makes it suitable
for the present device. However, currently such a laser is quite costly, it

I's not mgkes iBellifaBlR! fBr fhRHréeRSILTRE. HBWEvaR! QAkAH S sudtod 1abdHi quiRARRINy, it is
preference is given to an input device which is characterized in that each
di ode | ak@veryssuitablorfpyensumermpssipredycisaser and in that the device

From the- hssoci at dodrBeR P RuaReeaed i lontoon W RENC b Rb oA, g

di ode | aimehat caciediolde 1a¥esis atRARBMheniaRE 1hRS efidinhg: BE Beviddiédnmiteader than a
VCSEL, Providi ng the device with a reflecting nmenber adds little to the

cost & of €achdiodgdisera reflecting raembriireRigsting thetheam frprothersyociated dipde faseiie be
manuf acta{&qmg%ﬁ@%i vely weasily and at |ow cost, is characterized in that
it is conposed-of a base plate on which the at |east one diode | aser and
associ at ed det ect cHorAzentatemittiag dicledaprsaeertiermbdt xothnionly iedbkass anfglasd e and

conprising the w ndow ens .acco dated in _the cap nmenber. This
enbodi meRECh gheés?rﬁgg%a s, h’m@%@%t@%ﬂ 2 fitleeting mpmber xlds iifls tadhe 15
easi |y angdirtiQubyvisgvere alignment requirenments. An embodi ment of the

i nput device, which is even easier to manufacture, is characterized in
thatl@ he | ens is iAnembatizent nf thhénpua deviesyiwdricthean begnanufaotired reddtively f ace

which is curved towards.the base plate.. This enbodi nent js conposed of only
two por t?%ﬂ% .an‘gﬁt lop o8t &T%@Eﬁcﬁ'@ﬁ?(gmgtﬁ%t lblrsé:f)glrp%efc{/)oqua{};ts?‘l@ tecﬂ’agg'eﬁ gl?ei Zed in
that theleha®fe Blodt@aser AdtPaseGdiatb® &8¢ toPRE nidifiddeR SaBmBBRkdlf to BhdBaRS | C
mat eri al . Conponents made of such a material may be cheap and | ow wei ght

and t husplaigraadsiopaing thowindewandarleprasdemmeodaten iy theleap mender.al of the | ens

shoul 0 be U7 ansoar g0l ARAIAYS ARl ot B ORI

| asel5 i seasidyph@dithout seeerenlipanet r&juilenehtsa separate |ight guide, the exit
side of which is a:QOSi tiqQned at the wi ndow of the device. In this |
enbodi nent, the radP&MoeHIRME ghthe MawkAedes, Srhigheiapveneagiar fo mapwiastate: i om

characterized in that the lens is integrated in the cap member having an internal surface
which is curved towards the base plate.

This embodiment is composed of only two portions.

20 These embodiments are preferably further characterized in that the base plate,
the cap member and the lens are made of a plastic material.

Components made of such a material may be cheap and low weight and thus
are suitable for consumer products. Only the material of the lens should be transparent and
have some optical quality.

25 An alternative embodiment, i.e. without a lens, is characacterized in that each
diode laser is coupled to the entrance side of a separate light guide, the exit side of which is
positioned at the window of the device.

In this embodiment, the radiation of an illumination beam is well isolated from
its surroundings so that crdss talk between the movements along different axes is eliminated

30 or strongly reduced.

This embodiment is preferably characterized in that the light guides are optical

fibres.



its surroundings so that cross tal k between the novenents al ong different
axes is elimnated 30 or strongly reduced. This enbodinment is preferably
charact ewaen3i4mo t hat the |ight guides are optical fibreBCTVI028B7410
PCT/ EP01/ 12897 9 Optical fibres are flexwible, have a small cross-section
and show little attenuation per length unit and thus allow | ocation of the
wi ndow of the devi @ptiaa:l fﬁ)résaargﬁembld:i, hammcsmaﬂlrommstslaetuﬂi adieshoadétls and t he
detectors. The enb nt. Wi opt i ﬁ\ i br tf;f r ef amex char cterlzed
in that P‘i‘en“é“%‘bPFd upif ARt W %F'&E‘P%O‘g & Ve %0 kfralah% '8%nd in

that t hedRuinte fibMahe Bfodt DRets MAthe B HGs. are arranged in a circle at a
mut ual | y angul ar spaci ng of substantially 120. The input device may be used

in different appl i The embedimentwith opiical ﬁbmmﬂswefemblyahaie@kmzqdmdmm er, in a

keyboard of a deskt 0 apt co ter, in e co r ol i for
i 11 of eneopies dets SR laseA RS B e¥tace b dn BT el g e o
27-33. 1Quillbese anh %ddhﬁ%rc@&pﬁﬁtrﬁutﬁillyl fRulaP Yisidt gQT s@bﬁaﬁmrﬁm from and
will be eI uci dat e non-limtative exanple, with reference to

the enbodi ment s doEbe inpeticyie ke vsd.in differens appligatiagss sudEasin g mavse &fows,

in cross S | Vi cor

nvent: B tef Sfhuer 1 YRR gFatep by biXpiop ol Bl i e el oyrb i o
princi pl éorafiffértest appastis] inch Mebikophont, étmerasmslﬂeﬁlﬁed ia@laimki2g-333 shows the
variation of the optical frequency and of the gain of the laser 20 cavity
as alfunction of the novement of the device and the object relative to each
other; Fig. 4 illustrates a nethod of neasuring this variation; Fig. 5
shows the variation of |aser wavel ength as a function of the tenperature

of the laser wt h 'cﬁhd:sie(aad oflee dipects jof Eh'egnveﬁntishamsapphmnefrbnnandoﬁilltljae use of a

periodic ive.current for a. 25 | aser; | 1 ustr how
Phe. ai r guPUAeRr S RSt craatble, ity Toira s the HOSEHIFRI SO put
devi ce %gllglﬂahgleﬁlﬂﬁ@mfngg axes; Figs. 9a and 9b show a second enbodi nent

of the input device;
15 F1g 1a shows, in cross-section, a first embodiment of the device according to

the invention;
Fig. 1b is a top view of this device;
Fig. 2 illustrates the principle of the measuring method of the input device;
Fig. 3 shows the variation of the optical frequency and of the gain of the laser
20  cavity as a function of the movement of the device and the object relative to each other;
Fig. 4 illustrates a method of measuring this variation;
Fig. 5 shows the variation of laser wavelength as a function of the temperature
of the laser with optical feedback;

Fig. 6 shows the effect of the use of a periodically varying drive current for a

25 laser;
Fig. 7 illustrates how the direction of movement is detected;
Fig. 8 shows a diagram of an input device with three measuring axes;
Figs. 9a and 9b show a second embodiment of the input device;
Fig.10 shows a third embodiment of this device;

30 Figures 11a and 11b show a fourth embodiment of this device;

Fig.12 shows a mobile phone equipped with the input device;
Fig.13 shows a cordless phone equipped with the input device;
Fig.14 shows a TV set equipped with the input device;

Fig.15 shows a laptop computer equipped with the input device;



Fi g.10 shows a third enbodi nent of this device; 30 Figures 11 a and 1 |Ib
show a fourth enbodi nent of this device; Fig.1l2 shows a nobile phone

equi pped wh pti34ine i nput device; Fig.13 shows a cordl ess poDERIIER87pPped
with the input device; Fig. 14 shows a 1pv set equi pped with the input
device; Fig. 15 shows a | aptop conputer ‘equi pped with the input device; WO

02/ 37410 PCT/ EPO1/ 1888 %how® a dedktdPcsihiér cquippsk wah tﬁ&fﬁ%ﬁidﬁvi&gm pped with

the input device;, ig. 17 shows a pen equipped with the input device, Fig
18 shows a vi rt ual Figdr sbowh ppen equwipped wigh thepuput devicee; Fi g. 19 shows an

ul trasound scanni vice equipped with the.,i t vi.ce; 5 Figs.20 and
21 shows a first gﬁﬁggish%w agﬁjmg\ﬁp?rh%qupggﬁ%hetﬂgﬁ}pug%vg%,i ng and clicking,
and Fi g.22 shows aFigdOQ@Rewe b Qlias&uRid s@ﬁnrﬁxb{glﬂbv@cqu‘ﬁilfp@d wifh the éhput deviice; a

di agrammati c cross-section of the input device. The device conprises at

its |1ower side a bEge2@pad &l showgy tirst pabedimgnptofen inpgkt dewise forpgeollingads . | n
this enag%hﬁfﬁﬁdlasers of the type VCSEL, and the detectors, for exanple
photo diodes.”’In"Fig. la only one diode laser 3 and its associated photo
di ode 4 is visi bl eFigiMtshownalstgondtenibedsenaotachndieviteode | aser 5 and
associ ated detector 6 is provided on the base plate, as shown in the Fig.
b 15 top view of the apparatus. The diode lasers 3 and 5 emt |aser, or
measuring, beanms 13 and 17, respectively At its upper side the device is
provided with a transparent w ndow 12 across which an object 15, for
exanffl e a human fiRigdm i$ 8 diagrdsematiovadss-saclienei-thd dpuf deviex dimpldeviae

pi ano-convex.l ens. is arr.anged between.the diode |aser nd the wi.ndow. This
Fenet ootatrisenar ity BuBF SHRA TR oW hERat & BERbiGE T o HEroan de of  he

t r anspar gibodtredOMserd bf B8 ty3Je] VCSELL Sandthe et @t @S ok edmblb gﬁ_oﬂ@Qﬁd)ddst,Fi illa
scatters the beam 13. A part of the radiation of beam 13 is scattered in

t he dir eenly®negiodetieser § pdithasspeiated ehaioroderfdis visille Juxt usyallyt Inpst 4eonsy t he
| 10 o i1 ' | . s th
cavi ty. o Oph e £l S e 856 Bl P RaRd G e HESEDIR, MR B PER KT

r et urNi Neppivew ldE tHeappardtuls MMCA8dcTagetg 8 ndl B ehrii 1aset ot theasurimglibelims ¢3uhd s i n,
inter alia, a change of the intensity of the laser radiation emtted by the

25 di odelT-d8wectivehy &t EnbpRsE stlarhpdevica g raviiog it ramspersnhVae vl 2 speh
Coner LSy GG 2 Al LB B SRRl Bkt
17 i s al plané-coneademsis tivengeldjbeteensivadibdes kasers hied thioywiadalv pHinis lan foduses the
scatter eijaser beams 13 and 17 at or near the upper side of the transparent window. If an object 15 is
20  present at this position, it scatters the beam 13. A part of the radiation of beam 13 is scattered
in the direction of the illumination beam 13 and this part is converged by the lens 10 on the
emitting surface of the diode laser 3 and re-enters the cavity of this laser. As will be
explained hereinafter, the radiation returning in the cavity induces changes in this cavity,
- which results in, inter alia, a change of the intensity of the laser radiation emitted by the
25  diode laser. This change can be detected by the photo diode 4, which converts the radiation
variation into an electric signal, and an electrénic circuitry 18 for processing this signal. The
illumination beam 17 is also focused on the object, scattered thereby and part of the scattered
radiation re-enters the cavity of the diode laser 5. The circuitry 18 and 19, for the signal of
the photo diode 6, shown in Figures 1a and 1b has only an illustrative purpose and may be
30  more or less conventional. As is illustrated in Fig.1b, this circuitry is interconnected.
Fig.2 illustrates the principle of the input device and the method of measuring
according to the present invention when a horizontal emitting diode laser and a monitor photo

diode arranged at the rear facet of the laser are used. In this Figure, the diode laser, for

example diode laser 3 is schematically represented by its cavity 20 and its front and rear



radi ation re-enters the cavity of the diode |laser S. The circuitry 18 and
19, for the signal of the photo diode 6, shown in Figures la and | b has
only an iwOouxsmadi ve purpose and may be 30 nore or | ess chPOvEpt/ogEl . As isS
illustrated in Fig. Ib, this circuitry ij$ interconnected. Fig.2 illustrates
the principle of the input device and the nmethod of neasuring according to
the preseiks, bP R hiRforPehnd 2DOlekpeefivélly. FiE dalvith Badlh aigthl IaThe objedt, avhosai t or
photo diode arranged at the rear facet of the |laser_are used. In_this

Fi gur e, movemtinbifetolbasegasurpdris denptaddrverefirense nugseal 13. The spage Relveed i,

represented. by. j.t ' ' : SThd Biser b

PCT/ EPOPISEEHA {h‘f?@ggdétg‘ésIZIZ%r“ﬁPg%é’gé%t“{ ‘?a@?tzza”"g‘ff‘?%%a ??,g@f%"s gﬁ%t vely. The
cavi ty hastted tteogihthe fronhfacels égiotedyohe refauesmunherns2y anditbe nebaioned, is
denoted by reference nuneral_ 15. The srggnct be#v%ent i obj ect _an he

front fdellectediby tepbieghinghe dirpriion ofthe et fs qragted P’Zﬁfﬁf c¢ Bumaizl 205 er
beam _efdd fnd IAUGR Jehdtalcll Mine 1RERLavIE ARIOHRGuSH b e TAILLERITG Lapiufiar
a rer 8 y t%e b

25 and the radiation ecte ject inthe direction of the
front fapehe photdatiedestl by reference nunmeral 26. Part of the radiation
generated in the |l aser cavi asses through_the rear facet d.is captured
By the phot o di oddt e Goiod i gbrurna S aer F WRERGREE B Sorer he

i um n%ﬂ@&e&)ﬁﬁmﬁ%ﬁ ’26tulﬂﬁerg]{)&fa{ B6pR6k shrdli Bid @BaGhatnBefeaaacRoDmRp! er

shift. I's means that the frequency of this 10 radiation changes or that a
f r eqidenaydigtion thangeuosthatEhirequen ogcusthFhis frequeapiesiild it depndend onkg oci t y

i th whi he .abj d i f . Th
Fr cauencya g R B8 e RV ffle o s QRS et EE e TOC- T

the opt iGafue@)chifted radiafidh 2-eMBrigeher e cavity ihRiferes awihitiie optieal wave, or
sel f-m xing effect occurs in the cavity. Dependent on the anount of l?hase
shift bendiston gerergpd incthis aapife ianvsalfaixing pHest Gscya insthe sayiny Napendent Py 15
this interference w b | MBiatibn fe-erfftBiénd ME SR, Y Of
the | asél e?‘gla}lgttci?f #a%ésShB?R%%gi{ehg%gwﬁevgerrvgggg épﬁé?&lagd? caﬁ y. gI'he fr e}éuency
of tise |mEanterfacinaé iwilh beroshstrattiveror nggatbreat @ dhe intenkity ofwhy lassr mdiatiph ys equal

to the difference between the freguency of e.optical. wave.in the cavit
and thatlnﬁ‘ie?@érfﬁldé?rgés}?ﬁpf”éﬁleaé{i’i ig? g‘ﬁq eél-céﬁ{t &W"i1 d "’r‘ilza“(?&\f’il? latipg frequen%:/y
di {7 er engaielatedi i SyeiflBfaclf cfud BV diirondd Berah thEqRARY of Medplicat . The

conbi natTon o e’se xing effect and the Doppl er shift causes a
vari at i owavenintthecbetyamil ¢hat obPoppler-stafed radissiph rg-entespg tieaavipy.i khe fepsguancyor

light anplificatiagn, varies..Thiis is 44 lustrated in Fi ) -1 hi i gure,
190t e LCel) e SoEL 8% Vb G W bl o 901,
| asej r ag atik omxaRdrlebenvand Bbpsler $iift Egegaiarigionlin thdtehaviodeot the Biser
respectively, as a function of the distance Lo between the object 15 and
t he cavity; especially its gain, or light amplification, varies.
This is illustrated in Fig. 3. In this Figure, curves 31 and 32 represent the
variation of the frequency v of the emitted laser radiation and the variation of the gain g of
the diode laser, respectively, as a function of the distance Lo between the object 15 and the
25  front mirror 21. Both v, g and L are in arbitrary units. As the variation of the distance L is
the result of movement of the object, the abscissa of Fig.3 can be re-scaled in a time axis, so

that the gain will be plotted as a function of time. The gain variation Ag as a function of the

velocity v of the object is given by the following equation:

Ag =~K.cos J4movt + 4mL, .t}

30 L c c

In this equation:



25 front mrror 21. Both v, g and Lo are in arbitrary units. As the
variation of the distance Lo is the result of novenent of the object, the
absci ssawb 03318 can be re-scaled in a tinme axis, so theCTER&/Q8N W | |
be plotted as a function of tinme. The gei'bn variation Ag as a function of
the velocity v of the object is given by the follow ng equation: Dg = -!~.

Cos. + 4n.Lo .t} 136 the eo@plingtobfficfeneftithé tABmalV€dvii 1 {dihdicRid &Ad./ 12897

12 Kis the coupling coefficient to the external cavity; it is indicative
of the @paahtyaf yadistioneefivpladsnt ebilip laser eavityof the | aser cavity; v is the

frequency of the | adi ati on; Is the velocity of the object in the
di recftio‘n of the i\FfsE{ﬁqﬁgﬂegﬁyggtgﬁxasgrr_a&[aﬁ?% the nonent of tinme, and c is
the light velocitwisTevaasBldfiRe 65j8ct e i Aile¥Esh bf @BINERinhHGPE4nPN t he

self-mxing effect disclosed in the two articles nentioned herein above.

The dbj ect surf acd is therpomentiof timesandin  pl ane, as is indicated by the arrow

16 in Fig.2. Becauseg.t | ey shift occurs only for an 10 obj ect
novenment in the d%rléél%ﬁmeé%hl?g'g%fzﬁ% beam this novenment 16 shoul d be such that

it has a conponertheldguafitn &duitse dirived froMthe tHeetyedtytheistlf DEgBFRSfePOSSi bl e to
measure the novenent in_an XZ plane, i.e. the plane of drawing of fig.2
whi ch modiggiesed i ie tye agtiglescmentipnes herginaabene. Thepbjec sufasgds mexed IHE VM) ect
surface L | C . Y, In
oracti ot s FifeRAT by Wbt B LERRIEBRl el U8 iRlechid BT an 0 11
obj elt 1&bjsut micvement ihlthé disectiph af theibramnthifmplanent 16B3kould be vedi thatrit has a

per pendi cul ar to the plane of the drawing in Fjg 2. The venent in this
di rect i oTPTRORCHe! il @ae%yv-éh?é%nﬁ%Mi’iﬁMO%BI%B%WSLEH%%V%@PHQ%%ond
di ode | aﬁzgﬂar@,“i%. %@1%1151% &iarhivii¥lof g YPhieh nioveSRRE SHnaft AMed iR BE RRYemBOt O
di ode associated wmth the second difode laser. A (the) skew illum nation

bean(s) Fig.2 shawe jhap Hteanbjent sinfacghas a ghavgpesitéondwithl ecspess ¢o (he)regs of thetsybtenl | y
with respect to the . lens 10, .as,_ 20. shown.in Fig.. 1. Measuri he
variat| of Bpetihaistaby hednu s is 31660 beym ehd tigratsoral B shithy
nMeasyy i NgirfabewilNtake piacy iPhn Xiyeplasd! Tak Yoairétioh iepdrBaiditiasabd theislfle dfhé
monitor diode is the sinplest, and thus the nost attractive way.
Convent i @wgmg}p Fig2 <Thii maecment i thip digpetion can be measured by a second measuring

beam, emitted by a second diode laser, and scattered light of which is captured by a second

photo diode associated with the second diode laser. A (the) skew illumination beam(s) is

(are) obtained by arranging the diode laser(s) eccentrically with respect to the lens 10, as
20 shownin Fig.1.

Measuring the variation of the laser cavity gain caused by the object
movement by measuring the intensity of the radiation at the rear laser facet by a monitor
diode is the simplest, and thus the most attractive way. Conventionally, this diode is used for
keeping the intensity of the laser radiation constant, but now it is also used for measuring the

25 movement of the object.

Another method of measuring the gain variation, and thus the movement of the
object, makes use of the fact that the intensity of the laser radiation is proportional to the
number of electrons in the conduction band in the junction of the laser. This number in turn is
inversely proportional to the resistance of the junction. By measuring this resistance, the

30 movement of the object can be determined. An embodiment of this measuring method is
iillustrated in Fig.4. In this Figure, the active layer of the diode laser is denoted by the
reference numeral 35 and the current source for supplying this laser is denoted by reference
numeral 36. The voltage across the diode laser is supplied to an electronic circuit 40 via a

capacitor 38. This voltage, which is normalized with the current through the laser, is



keeping the intensity of the |laser radiation constant, but nowit is also
used for nmeasuring the 25 novenent of the object. Another nethod of
measuri ngvohz3gal n vari ation, and thus the novenent of theCT/@RjB897 nakes
use of the fact that the intensity of thg |aser radiation is proportional
to the nunber of electrons in the conduction band in the junction of the
| aser. Thbportidriles tHeredisttuicel 6r inhpRdancedithp lasgaralitoEtle ibdudthee3dsn sdrnce of
the junctjon. By neasuring.this resistance, the 30 novenent of the object

can be dtlihEdiedr lages ghiapedarce for e vigmal arory thedingelaser i | | ust rat ed
in Fig 4. |n Ui s B e dhGuRGE HbGehanole Mo dilifndl RARSWIRAT mbSpfienst ed by
the reference nunera and the current "source 1i‘lor supplying this |aser
i s denotmdvdlandefleciecacbe measere bydtegiiting v heagparetioretitytwith espatetd tisar i s

suppljed . to an_ el ectronic circuit 40 via .capaci tor, 38. This voltage,
wht o1 | SEUHOAIPS R ey erirat biip SRCCIRPGUENS EREM G D © SRGetsEmIPa o
PCT/ EPO 1\411_1&5&%% dBieBRORE EbRRl of BackWard ASASIPAGEof RbyHRR IPRCErecbn b€

| aser cavity. The inductance 37 in series Wth the diode |aser fornms high
i npedancmotanentioen bé detedicdiby deisrniinmgdhostept af the sigdebiedelting fiwrato welf- of

novenent . i.. e, ..t he, di.st ance across i.ch.the object is  noved L,ch can
o moas dPRMBE TR ACIRMAT Rl PR g ipapuERar B HbE" ¢
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laser increases, the length of the laser cavity increases and the wavelength of the radiation
that is amplified increases. Curve 45 of Fig.5 shows the temperature (Tq) dependency of the
wavelength A of the emitted radiation. In this Figure, both the horizontal axis, Tq4, and the
vertical axis, A, are in arbitrary units.

25 If, as is shown in Fig.6, a periodic drive current I, represented by the graph
50, is supplied to the diode laser, the temperature T4 of the diode laser rises and falls
periodically, as shown in graph 52. This results in a standing optical wave in the laser cavity
which has a periodically varying frequency and thus a continuously varying phase shift with
respect to the radiation reflected by the object and re-entering the cavity with a certain time

30 delay. In every half period of the drive current, there are now successive time segments
wherein the diode laser gain is higher and lower, depending on the phase relation of the wave
in the cavity and the reflected radiation re-entering the cavity. This results in a time-

dependent intensity variation (I) of the emitted radiation as shown in graph 54 of Fig.6. This
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di ere ﬁe case of absence of electrical modulation of the emitted laser radiation. This means that, if

the object moves in the backward direction, the number of pulses in the first half period is
smaller than if no modulation would be applied. In the second half period ¥2 p(b), wherein the
25 laser temperature and the wavelength of the generated radiation decrease, the number of time
segments wherein the wavelength of the re-entering radiation is adapted to that of the
generated radiation increases. Thus, for a backward moving object, the number of pulses in
the first half period is smaller than the number of pulses in the second half period. This is
illustrated in graph 58 of Fig.7, which graph shows the intensity I, of the laser radiation
30 emitted if the object moves in the backward direction. Comparing this graph with graph 54 of
Fig.6 shows that the number of pulses in the first half period has decreased and the number of
pulses in the second half period has increased.
It will be clear from the above reasoning that if the object moves in the

forward direction, in which the wavelength of radiation scattered by the object and re-
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Instead of the triangular shaped drive current I used in the embodiment

described with reference to Figures 5 and 6, also a drive current of another shape, such as
25 rectangular shape, may be used.

The method of measuring the velocity and the direction of the object
movement described above can also be used if the gain variation is determined by measuring
the variation of the resistance of the diode laser cavity.

The measuring method requires only a small Doppler shift, for example in

30 terms of wavelength, a shift of the order of 1,5.10"® m, which corresponds to a Doppler
frequency shift of the order of 100 kHz for a laser wavelength of 680 nm.

Object movements along two perpendicular (X and Y) directions, or
measuring axis, in one plane can be measured with the input device of Fig.1, which device

comprises two diode lasers and associated photo diodes in a perpendicular orientation.
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opti mum nmeasuri ng signaIVfQ_r2 hQSZ_ irection nmay then be obtained. In order
to increase the reliabillty and adcltfacy of the X and Y neasuring signals,
threg di ode | asers are‘@geié&@gLys@rranged on one circle and at a nutua
angul ar di stance of 1200.  This, configuration is shown in Fig.8 wherein the
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nunerals 7 and 8, respectively. If the output signals of the photo 10
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X, Y and Z neasuring axes, respectively can be calculated, for exanple, as
f ol | ows: subtracting elements and is relatively easy to implement.

20 The values of the velocities and, by integration with respect to time duration of
movement, the distance of the movement in the X and Y directions obtained in this way are
more reliable and accurate, because they are the result of averaging the output signals of at
least two photo diodes. Movement errors, or unwanted movements, such as slightly lifting the
finger, have a similar effect on the output signals of the photo-diodes. As the movements

25 along the X and Y measuring axes are determined by subtracting output signals from each
other, the influence of an unwanted movement on the X- and Y measuring signal is
eliminated. Only the Z-measuring signal, V, which is obtained by adding the output signals
of the three photo diodes is indicative of an up/down movement of the finger, or another
object.

30 In applications wherein the movement of a human finger in the Z direction and
the input device relative to each other is used to perform a click function, it suffices to detect
that such a movement takes place. An accurate measuring of the displacement of the object is
not necessary so that the Z-measurement may be rather rough. Even the direction of the

movement need not be detected.
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horizontal cavity, are used because they are considerably cheaper. Such a laser can be

mounted in such a way that it radiates in the vertical direction. For example, the laser can be

20  mounted on a small table. It is, however, also possible to mount side-emitting diode lasers in
such a way that they emit in the horizontal direction. Fig.9a is a vertical cross-section of an
embodiment of the input device with such lasers and Fig.9b is a top view of the lower part of
this device. In these Figures, 1 is the base, or housing, plate from which electrical contact
pins 62 protrude. This base plate has such heat-conduction that it can function as a cooling

25 element for the diode lasers. The electronic circuitry, shown schematically in the Figures 1
and 8, may be mounted on a layer 60 of silicon or another material, which layer forms a
circuit board. Also the embodiment of Fig.1 may comprise such a layer. Elements 3, 5 and 7
are the side emitting diode lasers. For each of these lasers, a reflecting member 64 is
provided, which reflect the horizontally emitted beam 68, 70 from the diode lasers in the

30 vertical direction through the lens 10 towards the window 12 at the top of the device.
Preferably the reflecting elements have a spherical shape so that they have also some optical
power and convert the incident diverging beam 68, 70 into a less divergent, or a collimated,
or even slightly converging, beam. The optical power of the lens 10 can then be smaller than

that of the lens10 in the embodiment of Fig.1. Also in the embodiment of Figures 9a and 9b,
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illumination spots at different positions in the action plane, for example the plane of the
window. The illumination beams and their scattered radiation are sufficient spatially
25 separated, so the crosstalk between the different measuring axes is no problem in the input
| device according to the invention. If necessary, a residual crosstalk can be reduced by using
diode lasers with slightly different wavelengths. For this purpose, a wavelength difference of
a few nm is already sufficient.
Another possibility of eliminating crosstalk is, to use of a control drive for the
30 diode lasers, which causes only one laser to be activated at any moment. A multiplexing
driving circuit, which circuit alternately activates the different diode lasers, may constitute
such a control drive. Such multiplexing circuit allows to monitor of two or three diode lasers

by means of one detector, or photodiode, which is arranged within reach of each of the diode

lasers and is used in a time sharing mode. An additional advantage of the embodiment with
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Fig. 1 1bis atop viewo e | npu res
72, 78 abddy of transparent or non-transparent material.

The embodiments of Figures 8-11b may be provided with two, instead of
three, diode lasers. This will be the case if the input device has to measure only X and Y
movements and a Z measurement, for example for a click function, is not needed. Instead of
diode lasers, other small laser devices may be used and other small radiation-sensitive

25  devices may replace the photo diodes.

As the input device described above can be manufactured at low costs, it is
very suitable to be implemented in mass consumer apparatus. Because of its very small size
and light-weight, this device can easily be integrated in existing apparatus, thereby increasing
the capabilities of these apparatus without substantially increasing their costs and weight and

30  without changing their original design.

Fig. 12 shows a first and important application of the new input device,
namely in a mobile, or cellular, telephone apparatus 80. The front surface of this apparatus is
provided with a key entry section 82, which comprises a number of button switches 83 for

dial entry and other functions. A display device 85 is disposed above the section 82 and an
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Al
f r oma hepdotdcoh Byswédns be suchd prbm‘car et dpphratugicat b& gsddmstalterminal for a
worldwide communication network, such as the Internet. As this becomes more and more
widely spread and used, there is a need for new end user apparatus. First candidates are TV
sets equipped with a set top box and mobile phones. For the new purpose, these apparatus
should be equipped with a small input device that fits well in, for example the TV remote
25  control unit or the mobile phone. The input device of the present invention perfectly meets
these requirements.
_ This input device can also be used in a cordless phone apparatus for the same
purposes as in the mobile phone apparatus. A cordless phone apparatus 90 is shown in
Fig.13. This apparatus is composed of a base station 92, which is connected to a phone or
30 cable network and the movable apparatus 94 which can be used within an area with a radius
of, for example, less than 100 m from the base station. Apparatus 94 comprises a key entry
section 95 and a display device 97. In a similar way as described for the mobile phone

apparatus, the apparatus 94 can be provided with an input device 99 as described above. Also

in Fig.13, only the window of the input device is shown. Like the mobile phone apparatus,
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i nvention perfectly neets ese requirenents. S I nput device can al so
be used thereanatorcditedsinghone apparatus for the sane purposes as in the

nobi | e phone appar.at us. cordlLess phone apparatus 90 is shown in Fig. 13.
This apparatue |5 DispauasvEe o ¥ aebeal Gy Resy S b oee T8 Hwebich Lo a
phone orconfiQufafibh o APIANE b koedtibig haRY.ahl & AR Heus3br WhhdiRe pad e 15sed
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the nobi llree:se%P %ggnt?é)npizg rau{irglrlljgse’d wvf\fi)cf? rze/p?azgslt%e Eggéelrzlggr}z{l 1133125 pad. The input device
may be arranged at the position of the conventional mouse pad or at any other easily
accessible position. If the input device is used to measure the movement of a finge,r in only
two directions and thus has to perform only the functions of the conventional mouse pad, it
25  needs to comprise only two diode lasers. Preferably an input device is used which comprises
three diode lasers and thus has a click function so that it replaces also a conventional click
button of the notebook.
A hand-held, or palmtop, computer is a smaller version of the notebook. Also
such a palmtop computer may be provided with an optical input device according to the
30 invention, for example to replace a pen for touching the display screen, which pen is usually
applied to select a function of a displayed menu. The optical input device may be arranged in
the keyboard of the palmtop computer, but also at the inner side of the cover.
Fig.16 shows a desktop computer configuration 120 wherein the optical input

device can be applied in several ways to replace the conventional trackball mouse. The
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conputer i's a smaller version of the notebook. Al so such a pal mop
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and the electronic circuitry of the input device. Optical fibres 133,134 guide the raghatlon
from the diode lasers. These fibres, for example, end halfway the pen point and form the
window of the input device. It is also possible to arrange the diode lasers and photo diodes a
25  position remote from the pen and to transmit radiation from the diode lasers to the pen point
and back to the photo diodes, via optical fibres, one end of which is fixed to the pen point.
When the pen is moved for writing a text or making a drawing, the movement is measured,
i.e. followed, by the input device and converted into an electric signal. This signal is, for
example immediately transmitted to a computer via a wire 138 or wirelessly. The computer
30  processes this signal so that the written text or figure can be made visible, immediately or
after some time, on the computer display or sent to another computer or archive. The pen
may also be provided with means for temporarily storing the text or graphics produced by the

pen. Usually the pen is to be moved in the horizontal plane only, and the input device needs

to comprise only two diode lasers and two fibres. Under circumstances it could be useful that



Fig.16 shows a desktop conputer configuration 120 wherein the optical input
device can be applied in several ways to replace the conventional trackball
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transmtted to a conputer via a wre 138 or wirelessly. The conputer
printer apparatus to detect paper slippage or to measure the paper advancement so that

accurate and expensive paper driving motors are no longer needed in such apparatus.
Furthermore, this input device can be used in a hand-held scanner which is
used to read information on a piece of paper in order to reproduce this information,

25 immediately or later on, by means of a computer. Such a hand-held scanner is provided with
a device for measuring the movement of the scanner across the paper so that a reliable
reproduction of the information becomes possible. This measuring device should be small
and lightweight and the input device is very suitable for this purpose. The hand-held scanner
is known per se and need not be described here. The hand-held scanner of the present

30 invention is different from the known scanners in that it comprises the input device as
described above.

Ultrasound imaging, or echography, is a medical diagnostic technique in
which ultrasound waves, reflected by structures in the human body, are used to build up an

image. In addition to its full real-time imaging possibility, it has the advantages of being non-
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whict}%1 be 5 letters, raw n attern Is transl ated via

the ishputnagig pstess Wingh f?fé ?%Orﬂ%“mﬁ%?é ‘ﬁ?g u“FPﬁ BLIRE BARAIYEY be

transl at @gafund vREPMEQEndrale@, Which %‘veé’\ﬁrb ki Ghtd ek l%ﬁéﬁd héhly. Wikr&BntaaRdsbe
translated into |l etters or words or displayed, inmedi ately or |ater on, by
this coeffissees roflect et ultrasoand wazes @ﬁmtIErTmﬁeﬂmt@i wavestamo Aiectthin the

enbodi mept of the virtu 8 conprises .a pen . house 141
e a e aabariyt biiPipe BElys B Ruph fie a3 EPuE: BF 1B

trans para{myzerdrad@useh% buid hbanm dX0ibRtdispldyed.Ehid eSb dew@idlﬁlmlmn
accomodat es di ode Iasers 3, associ at ed_phot o di odes 4,6 and

el ect® onftestsaction of e partipf e f&mﬁydwéﬁtngowm% exppined B vmoxingdhe scannigg

ore conpfialftur Grdsiing B oh bdbs ol By A 18 Wara Bhe (sl bl 147
144. A j WuMee&hﬁﬁb@%es&ﬂl&edﬂ@e o desadl bedausatiteis iaabell-kiywre xppapdtes. Thastpucs,

fix thesg 15 fibres. For both the pen of Fig.17 and the virtual, pen of
Fig. 18, Hevdcepidhepiesansinyention canbsiscomperaied indly Wasopnd secpogerip raglﬁ%ﬁt% i on

remote frambbe very@@%éntaﬁicaﬂxaﬁls&mmj Bg 191 PAR ﬁl@ﬁ? KhowsSthk et ted to

the pen point an oto diodes“via optical fibres, one~ end of
whi cIf i safipiaxetes 15 wittea pabie p52 nd)nneﬁiﬁhg‘l‘lhea a cpoputete udtcshowh. WiEnpm asetlte

t b d f d ' t to.det ect
paper si TBHREASSP! 15 SHEE Eiph e Ryl B arERE R e 20 deREL P
expensi Vgepa& witleh ¥hlp Shd Mifos i8 sBovAP anCRSREarRF BHCH the THVRRAPSH BE US .
Furthernore, this input device can be uséed in a hand-held scanner which is

used to amnatmaa faroxamplenalong éhepn@gma@r lingakpSrcan he segiwered oSuchpndapid elevike s
i nf or I’TB.t Og I’l§ {V{,TTTB%II rug%# é.)é%f %0 Hgg HC%%VSIQ%)IGIHEQ[B(% tﬂg uﬂra%g&mﬁ] glrmeré uch a

hand- heI ISP neasuri nmovenent of
t he B anb&yauss irogklitidheto pigpevo-gitndnbidhalailtigbidbingages, information about the

movements of the scanner is obtained and processed by the computer so that the latter can

create a three-dimensional image of the body being examined. Optionally, the scanning

apparatus may be provided with a second input device 159°. Because the input device is

compact and cheap, it can easily be incorporated in existing ultrasound scanning apparatus
25  without adding much cost and without re-designing ’the apparatus.

The input device of, for example the mobile phone of Fig.12 can be used in an
up down scroll switch for scrolling menu charts. Such an input device may also have the
capability to determine a click, which activates a menu which is pointed at by a cursor
controlled by the up down switch. Such an input device can be easily built of discrete

30 components, which allows fast new developments.

Fig. 20 shows a first embodiment of a scroll and click input device 160. It
comprises two laser/diode units 161,162, which each comprises a diode laser and a
photodiode. Instead of such units also separate diode lasers and photo diodes may be used. In

each of the paths of the radiation emitted by the units 161 and 162 a lens 163 and 164,



reproduction of the informati on becones possible. This measuring device
shoul d be small and lightweight and the input device is very suitable for
t hi s purpoge2/37ine hand- hel d scanner is known per se and PE€PREPOIOR3YTE

descri bed here. The hand- hel d scanner of,4he present 30 invention is
different fromthe known scanners in that it conprises the input device as
descri begdsghavely iVhirAmsaWikich FRtabdiGadiafiotbad! [@3MMd 166 of tHEREidRdtediin@gnost i ¢
techni que in i ch ultrasound waves, reflected by structures in the human

C
body, ar Eluansl G2dnianiacdonplanm167, widigh mpy beythgiplansrof aovindews This wirdew {75re

pcry EporRaBah bt e el Lo BREPH it FRAVIeRI i BP0 o

t echni quesbidé ploreal sho®g imgdavidw i i1 eTHeagwdr/Hiode ghidpad thehgsocihited lenses
t echni que uses a scanni ng appar at us i is connected to a conputg{.
ively

whi ch .
Ul t r a5 oumay b5 §¢ arranaesyihatteechiefanys ofiihe b%qgnﬁalrﬁ%?@éslﬁé [RER atrappgsiterangles &yl

compact &@;ge%!@ toofﬂé%ﬂﬂhﬁ)t? MBS 195 PRY %*Qfgplé Qﬁ%g%«is%rf.ﬁé gsPagneti c
resonance I magl ng systens rch ate also non-1fhvasive. I'n the ultrasound
scanni ngregpqadivellyus, ul trasound waves are generated, which waves are sent

into the human bOde giffgrent kinds of,tiszggs reflect the ultrasound
waves different!|y. ARRICLIPLELER ev@a%’éalh?’ége& 5oavedAcress thesdeLion piage
appar at Ugyr andrdiis it difiank aE&t?n? AdRIe8GiHeA ReRELARRB bR adiltfhs AIGRUL €7 SO as
to be analyzed and used to build up an inage to be displayed. This inage
i s al@ woDdpplendgiifsiatheradietiossflsged by theofingeh towsads thelasetidiotensits ddhpd

nonent ar | xani ned. ving t he anni a rat.us. across the dy,
other palt T SEHRE Sigpelt otk BllclomSor it Unif s B RS RReohE R0
appar at Uﬁnséiﬁﬁ%efé%ctﬂ@ﬁic%ﬁ’é_ﬁi’tﬂyﬁ@d. gk @ir'bl!ilu? %Krél:hhtebﬂl@ aﬁt&@rﬂehtsi of, Br \$edrhpls nown
apparatus. The input device of the present invention can be incorporated

in the uthercanwoliag Siegemas and spprjies irnfprmation abeyicthesetmovpsnanés afdtsputput 171.
schemat i i bl ust r.at i } Thd iy QU s i .
appar at uh el dibfi i8R ahd 15 e Eves Tos 1Bty G FRRAY LIParGRORERGE,
in use, tibitrsa70 agdscEbwar®mal e idpgatedtinsnd aoasle! Tigs hwdyld is pheedxssuchea.

Ref erence 159 denotes the input device of which only the w ndow i s, shown
and by ntgAaobile Rhepe AT inraRothst apraratus fvhisheshogldherpevided wigh asgrpliingand,| ong

the i ”agi:ﬁlﬁcﬁ%g funBort ;s g g@ﬁsé%@%déﬁﬁ%@%t t@'&%yﬁ&bvﬁd%gbﬁm Hﬁ&’ﬂe{%eel%d’iéﬁtél one or

two neasuri ng’ axes provi ties'for t trasound scanners
20 becauEspeciallyaddidfitteersigmal pioeessing-rdayrbnsirdedibutiiyta meoo nontialigzg esother

i nformation out the . enents of the scanner is obtained and processed
by the. cERRVRLERE BgansryArich REms 2 of the.fObila Rhprie o5 o e RPAEA e NG T ige of
the mdyc&ﬁfﬂ,%@fa@b%eaaﬁp@ﬁ@dwM@nllgngt,@r.scanm ng apparatus may be

provided with a second input device Because the input device is
As described herein before a movement of a finger or other object towards an

away from the laser/diode units may be detected by modulating the laser currents and

counting the pulses received by the detectors. From the output signals Sign; and Sign, of

these detectors, which represent velocities of the object along the chief rays of the beams 165
25 and 166, respectively, the velocity (Vscon) parallel to the window and the velocity (Viick)

perpendicular to the window can be calculated as follows:

Vieeront = ¥2 V2. (Sign; — Signy)
Veiek = Y2 V2. (Sign; + Signy)
30
Fig. 22 shows a second embodiment of a scroll and click input device 180.
This embodiment differs from that of Figs. 20 and 21 in that the two lenses 163 and 164 and
the window 172 has been replaced by a single component 182. This element focuses both

beams 165 and 166 on its upper surface 184, which forms a window.



conpact and cheap, it can easily be incorporated in existing ultrasound
scanni ng apparatus 25 w thout addi ng nuch cost and w thout re-designing the
appar at uwo Ma74input devi ce of, for exanple the nobil e phPORERI/EBRY. 12 can
be used in an wup down scroll switch fopgscrolling nmenu charts. Such an

i nput device may al so have the capability to determne a click, which
activates a nenu \hihelnpus dpdeavfidfiga 202 meeduitogaovide onlyrasdckadlindfunttien,up down
switch. Such ap input device can he easi bui |t of discrete 30 conponents,
whi ch alopt;(/\%“ef‘ﬁ%‘ie lngs lgas andodsieeirds reﬂP’j?A WKYRE a first enbodi nent of a
scroll and click input device 160. It conprises two |aser/diode units

161, 162, which each conprises a diode |aser and a photodi ode. |Instead of
such units al so separate di ode | asers and photo di odes may be used. In

each of the paths of the radiation emtted by the units 161 and 162 a |ens
163 and 164, WD 02/ 37410 PCT/ EP01/12897 25 respectively is arranged, which
focuses radi ati on beans 165 and 166 of the associated units 161 and 162 in
an action plane 167, which nay be the plane of a window This w ndow 172
may form part of the housing 169 of the device in which the device is used,
for exanple a nobile phone as shown in side viewin Fig.21. The

| aser/di ode units and the associated | enses 5 may be so arranged that the
chief rays of the beans 165 and 166 are at opposite angles with respect to
the normal to the wi ndow 172, for exanple at angles of +45 and -45,
respectively. An object, for exanple a human finger 168 is noved across the
action plane for a scrolling and/or clicking action. As described herein
above, both actions cause a 10 Doppler shift in the radiation reflected by
the finger towards the | aser/diode units 161 and 162. The output signals
of the detectors of these units are supplied to signal processing and

| aser drive electronic circuitry 170. This circuitry eval uates the
novenents of, for exanple the controlling finger 168 and supplies

i nformati on about these novenents at its output 171. The |aser/diode units
161 and 162, the |l enses 165 and 166, the w ndow 172 and the electronic 15
circuitry 170 and software may be integrated in one nodule. This nodule is
pl aced as such in the nobile phone or in another apparatus, which should
be provided with a scrolling and clicking function. It is also possible to
i npl enent the input device with discrete elenments. Especially part of the
signal processing may be carried out by a mcro controller or other
controlling neans which forns part of the nobile phone or other apparatus,
such as a renote 20 control, a cordless phone or a portable computer.



As descri bed herein before a novenent of a finger or other object towards
an away fromthe |l aser/diode units may be detected by nodul ating the | aser
current s vead2/3mount i ng the pul ses received by the det ect oPET/EFoI0IIBIThe

out put signals Sign, and Sign2 of theseydetectors, which represent
velocities of the object along the chief rays of the beanms 165 25 and 166,
respect i UEAWMISt he velocity (Vscron) parallel to the wi ndow and the velocity
(Vcl ; ck) perpendicular to the window can be cal cul ated as follows: Vscrol
= 1/2 12. (Signl- Sign2) Vclick = 1/212. (Signl + Sign2) 30 Fig. 22 shows
a second enbodi nent of a scroll and click input device 180. This

enbodi nent differs fromthat of Figs. 20 and 21 in that the two | enses 163
and 164 and the wi ndow 172 has been repl aced by a single conponent 182.
This el enent focuses both beans 165 and 166 on its upper surface 184,

which fo{ms a wi ndoy, eﬂyga(g)%(é on'l:m f scroﬁ% 'S 7 %%ebfcetaﬂﬁﬁhﬂg%t devi ce of

Figs. 20-22 needs to provi t|on ne di ode
| aser, | elsivanceatbtotietr @lonigsat teasﬂnnleenbasmrrgaxm ithal meth\tmcmpﬂﬁﬂgﬂle steps of:
PCT/ EPO1/ 12897 27 CLAI VS é} hod of measur | t he nt of an
i nput device and aHUBHjaERE anoRjegt s g Bith GapeaSNHEs a5t AP FEH SReasiting
nmeasur i ngkidxhg, the method conprising the steps of: illumnating an object
surface with a measuring |aser beam for each measuring axis, and 5 -
conveérting a sel ecctoadelmgtalsg}@c@ﬂ pptt@nméslnm&asgnbgémm areﬂi@tidnanﬂmed lactﬂled by
t he surfzfe l?tO n ectrh lﬁi ¢§ resenﬁatlve @
movenent S AIGHY S AT eﬁ‘é‘&&tﬁﬁa g gepf%%?a PR h AP G H’FF‘W&nﬁeam
radi at i ogki§ e;hh@@t%ﬁibdquatah@@mﬁg&aﬂmaﬁfwmgsftae@mbaalaﬁloﬁgtt@nﬁ@rsu bduén
| aser cavity, which emts the neasurln% beam |s sel ected and in that

9,

changes 4l i§patesing S lopertaquity. yehieh emis thy megpyring baam, ielacted; and dn th@F ence of
the re-e h C XS ty and
are repré}gagg%sg? i égraﬁﬁﬁjbﬁ{e eﬁﬁg)h\?igElrrtlfal'rllt{y $gfr%§ta}en®ae§}§%§rf&%né§& th?lfl %nt cl ai med
i n clti malljatiohandthiceptizaldvave ih kiatladeh eavdiyraddtarorepdsentatveesiahé mkremgxtsmd at

| east one neasuring axis is detected by determ ning the shape of the
measured.

2. A method as claimed in claim 1, characterized in that the direction of
movement along said at least one measuring axis is detected by determining the shape of the

15 signal representing the variation in operation of the laser cavity.

3. A method as claimed in claim 1, characterized in that the direction of

movement along said at least one measuring axis is determined by supplying the laser cavity

with a periodically varying electric current and comparing first and second measuring signals
20  with each other, which first and second measuring signals are generated during alternating

first half periods and second half periods, respectively.

4, A method as claimed in claim 3, characterized in that the first and second
measuring signals are subtracted from each other.

25
5 A method as claimed in claim 1, 2, 3 or 4, characterized in that it is used to
determine a click action by a single movement of the object and the input device relative to

each other along an axis, which is substantially perpendicular to the object surface.



15 signal representing the variation in operation of the |aser cavity. 3. A
nmethod as clainmed in claiml, characterized in that the direction of
novenent vebongr4s@mi d at | east one neasuring axis is deternPapdPly12827ppl yi ng
the laser cavity wth a periodically vagying electric current and
conparing first and second neasuring signals 20 with each other, which
first arfd second néeastlmdmg cmgmhimclanel Fedet at é,cbhdxﬁptenlgetéirtféﬂMISluﬂqitOfl rst

' ot i g Rt 6D atfoma R ecbf PLRS St o R P P gel <

are subtdedfet8lafiveid a8 6thef MET firsP8irdtibn 6ldo @se GdjedtRBHaddandlirbRecbnd2, 3
or 4, characterized in that it is used determ ne a click action by a

singl e rﬁbvéh@hﬁubéﬁantlﬁb’mpmcuéﬁdoth@m%mffﬁﬁéw ce relative to each other
al ong an axis, which is substantially perpendicular to the object surface.
WO 02/ 37410 PCT/ EP01/12897 28 6. A nethod as clainmed in claiml1, 2, 3, 4
or 5, characteri zeginethdda(cldiined &n atgashetod clatias e/oytigadiefizeddnsitit ¢le!  action
and a click action by novenent. of the object and the input device relative
t o each iBwRdance /f they ‘P‘%etla%ﬁrleé‘@ibiléﬁneﬁélﬂrﬁ‘ﬁl el to the object surface and in a
second direction substantially perpendicular to the object surface. 5 7. A
nmet hod as clainmed in any one of clains 1-6, characterized in that the

i npedanc& of the dA owéthddasetaimed it any ore offelsus &6, dBaradtenzedthatshe| ai med i n
any ne .of lea:‘iéfng llaé& haracterlzeg inthat the 10 intensity of the |aser
r adilBt i JRtERYLLYFRE faser ra atl%lsllﬂfﬁﬁﬁ‘t‘re evice provided with an optical nodule
for carrying out the nethod of claim1, which nodule.conprises at |east

one laser, having a | aser cavity, for generating a neasuring beam optical
means fd conver giAminphidevicesueided withan optieal mragte foe aarrying ovithe otethpg and

obj et 1T S mpR0Y b pnarts TR one e B hE Rt SR TosBEAFHRR roans

are conshédstfifgbéim, td@ﬁczqemh@ 8 cdfivergingtiemb&n€ihg Gath iy a plishe MEAIHE bijgctmeans
for measuring changes in operation of the |aser cavity, which are due to

i nt dAf erandcenyrtingmears for comgEing rﬁgassea&waaaraﬂqt@ﬁ rw%e‘:éfrﬁ@f thg gbierintq s er
Colat | valbulic 8affl (iBielBLE il Aol Bl Sofia mBl o GofsBRASFET Bl EIRiod

cl ai med dfnhelaséreadity m’aannammng nedns for bivaturingecharges un bpgration of the laser

Aot

cavity, which are due to interference of reflected measuring beam radiation re-entering the
laser cavity and the optical wave in this cavity and are representative of a relative movement

20  the object and the module.

10. In input device as claimed in claim 9, characterized in that the measuring

means are means for measuring a variation of the impedance of the laser cavity.

25 11 An input device as claimed in claim 9, characterized in that the measuring

means is a radiation detector for measuring radiation emitted by the laser.

12. An input device as claimed in claim 11, characterized in that the radiation
detector is arranged at the side of the laser cavity opposite the side where the measuring beam

30 is emitted.

13. An input device as claimed in claim 9, 10, 11 or 12, characterized in that it

comprises at least two diode lasers and at least one detector for measuring a relative



means are nmeans for neasuring a variation of the inpedance of the |aser
cavity. 25 11. An input device as clained in claim9, characterized in that
t he measwony374means is a radiati on detector for measuri nBCT/AHIIARBDN
emtted by the laser. 12. An input devicw as clained in claim 11,
characterized in that the radiation detector is arranged at the side of
the | asemovementyof dippatyéedt end the doivide aldngradistendmeasond mgaspeiagaxi3owhish exdst t ed.

13. An in d inclaim9, 10, 11 or 12, characterized in
that it a‘%&%ﬂfﬁ@ ﬁ‘éﬁflﬁn@ﬁ%? %63"8.3 cfrgé Lrs and at |east one detector for
measuring a relative WO 02/ 37410 PCT/ EPO1/ 12897 29 novenent of the object

and the device along a first and a second neasuring axis, which axes are
paral | el 140 the il Aorpvadevice ay ¢laiseeddn claire o bf.ddtor 124chasectenigsdtn thatitce as

Cheos di Enbi s Brde aibfle Libers 3 pe1sad Sk AGRAEE F Eydafiulei reldin? FRERCE®

novenent ttefobjdch endibe detic@aidng aelrﬁeys@en@hmmﬂrdfméa&hnn aﬁlgctﬁélﬁrs?@ﬁﬂﬁ athird
measuring axis, the first and second axes being paral to the

i | | umi nabwand axgshemnedraralieh toghp diminagd swrdaceter the ohiecs awérhﬁgthlréémﬁ@ﬁ@gcm ar
to this g%gﬁcﬁ&laﬁgtﬂb] %mel nput device as clainmed in claim9, 10, 11 or

for erm ni ng scroll action and a click action, characterized
|n that it conprises two diode |asers and at |est one detector for

rreas in rel ati ve nmpvenents of the abject and the ce along a first
rreas i 35 axi s par AN dgvieeas ‘36‘]‘%‘“§§P¥1§cégalﬁdxalg ?v?é b‘ﬁéésuri ng
axi s SUb§ér§1'1‘5&ﬁ’er ahd aQﬁircR%&%P 'éhﬁ'ﬁctEﬁzetdhﬁ tkpa@it% ided %edlo&élagés aftlat R

device as clained in claim9, 10, 2, etermning both a scroll
act i on antk detedtdrchor aensuwimg rclhaveampwmmmﬁ the t)hjact and th@dep\ncsdgng adirdi ode

| asers and at. | east te Ior uri n i ve. movemnment s t he
ob ect aRtsmedEpReEl 51 iGe 6Py surtAbs AREASHEL ah i Bleadi bR B il
axes ar ep@?em@g&{tbqh@mé@sgumdeh respect to a nornal to the 20 object
surface. 17. An input dévice as clained in any one of clains 9-16,

charhﬁ:t erized in that the optical neans conprises a |l ens arranged between

said at ygast one hgssh a0 aRsashAg aaIReR 1 ordd HDGRARAA S and, o

action plane, on t ‘one IaSer posi ti oned
eccent ri sabll yctivn dndrasdiok @ttiém chitactbdnsl in Heht itAOMIpRIges tmd;edmaela@as axhcaatMt in
claim17, conprising two di ode | asers,
one detector for measuring relative movements of the object and the device along a first and a
second measuring axis, which axes are at opposite angles with respect to a normal to the

20  object surface.

17. An input device as claimed in any one of claims 9-16, characterized in that the
optical means comprises a lens arranged between said at least one laser and associated
detector, on the one hand, and an action plane, on the other hand, the at least one laser being

25  positioned eccentrically with respect to the lens.

18. An input device as claimed in claim 17, comprising two diode lasers,

characterized in that the diode lasers are arranged such that the lines connecting their centers

with the optical axis of the lens are at an angle of substantially 90° with respect to each other.
30

19. An input device as claimed in claim 17, comprising three diode lasers,

characterized in that the diode lasers are arranged such that the lines connecting their centers

with the optical axis of the lens are at an angle of substantially 120° with respect to each

other.



characterized in that the diode | asers are arranged such that the lines
connecting their centers wth the optical axis of the lens are at an angle
of subst am®pzaB14y0 90 wWith respect to each other. 30 19. ARCI/EpuUl128®Vi ce as
claimed in claim17, conprising three difgfe |asers, characterized in that
the diode | asers are arranged such that the lines connecting their centers
with the optical axis of the lens are at an angle of substantially 120 with
respect each other. WD 02/37410 PCT/ EP01/12897 _ 3Q 20. An [nput _device
hs ol ai el ih any ORANRK dgYigs axclaimed ingny ORI B 89 b 2B oo
| aser | SenifdoAaRk Y a BiflAohlal O fasa Wit thalite deliRe dBpPiS.C RITRALIABAe f OF
each diode laser, a reflecting nenpber reflecting the beamfromthe

associ at kderla oxflecting srember milectotg the beamp franethe 2dsociated dipds lagketo e actonc| ai med
in any one of clains 9 to 20, characterized in that it is conposed of a
basen%l a{’]lé’fn%n whi ch the at | east one diode | aser and associ ated det ector
are nounted, a cap nenber fixed to the base plate and conprising a w ndow
and a lens 10 acconmpdated in the cap nmenber. 22. An input device as

clai med 2h cl ai m 24n e davicend daimedin ahpong ofeclaiand 1020, charagierizeddn that t he
cap nenber. I L.nt I L f I | S: V. t

oot o 18 s e 8F bR ERE on QTR ablghitont fichiiasB ol USRed BtetBofie
in that iibenkdsecapihéhber fixed t€ &R baedplate aaddoipsingasviadewmada lafs a pl astic
material. 24. An input device as clained in any one of clains 9-14,

char Htt epgeominqdatediphe cap naeteberdi ode | aser is coupled to the entrance side
of a separate light guide, the exit side of which is positioned at the

wi ndow of the device. 25. An input device as clainmed in claim?24,

charact eR2.zed i n tAatinguvrdevicghd clgimeden cladm @1 pgitaractdrized by that th23er8Gs An i nput
device as clainped in claim?24 or 25, characterized in that it, conprises
three di BiRE"SE B} e SARMEROEEIA ViR ID @mraé@%aqwblﬁh iwﬁt@wg&stth% &s of

t he Iighf,lategui des are arranged in a circle at a nutually angul ar spaci ng of
substantially 120. 30 27. A nouse for a desktop conputer, conprising an

i npulS device as clained in

23. An input device as claimed in claim 21 or 22, characterized in that the base

plate, the cap member and the lens are made of a plastic material.

24. An input device as claimed in any one of claims 9-14, characterized in that
20  each diode laser is coupled to the entrance side of a separate light guide, the exit side of

which is positioned at the window of the device.

25. An input device as claimed in claim 24, characterized in that the light guides

are optical fibres.

25
26. An input device as claimed in claim 24 or 25, characterized in that it
comprises three diode lasers and three light guides, and in that the exit sides of the light
guides are arranged in a circle at a mutually angular spacing of substantially 120°.

30 27 A mouse for a desktop computer, comprising an input device as claimed in

any one of claims 9-26.

28. A keyboard for a desktop computer wherein an input device as claimed iﬁ any

one of claims 9-26 is integrated.



any one of clains 9-26. 28. A keyboard for a desktop conputer wherein an

i nput device as clainmed in any one of clains 9-26 is integrated. WO

02/ 37410 WVRCW/EROIL/ 12897 31 29. A | aptop conputer wher ei nPEVEPOIpI2B97deVi ce

as claimed in any one of claims 9- 26 i integrated. 5 30. A display

wherein an input device as clained in any one of clains 9-26 is

integrated. 31. An ultrasound di agnostic apparatus wherein at |east one

i nput device as clained in any one of clainms 9-14 and 17-26 is_integrated.

10 32. A%and- hel dA &apsopeampbpyarherain apfpuedevies ad daigieddmeny apref depisde as

clainmedqjn._.an e of claims 9-14 and 17-26 is integrated. 33. A renote
s haed

control In at | east one input device as clained in any one 15 of
claims 9-26 is integrated.
5 30. A display wherein an input device as claimed in any one of claims 9-26 is
integrated.
31. An ultrasound diagnostic apparatus wherein at least one input device as

claimed in any one of claims 9-14 and 17-26 is integrated.
10
32. A hand-held scanner apparatus wherein at least one input device as claimed in

any one of claims 9-14 and 17-26 is integrated.

33. A remote control unit wherein at least one input device as claimed in any one

15  of claims 9-26 is integrated.



