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- ,1 - Touch Serisitive Device This invention relates to touch sensitive
devices and nore particularly to a touch sensitive device-5 for
such as a cathode ray tube (CRT) for determning .-

the position of a surface contact. There are nmany applications where it

d¢Sired to provide feedback information for information displayed 10 on a
For exanple, it has becone common practice wt Lhe u%fgff'
t

§treen.

computers to display on the screen a choice. for the user t

. The user is typically instructéd to operate specific keys,.

simlar device, to select fromanong a menu of 15 possible choices. I'n

response to the user operatirgthe sel ect ed key the nenu is changed and the

user is given a new choice, again making the choice by operating a

parti cul ar

key. Such an arrangenent is tedious since a user nust first | ook

at the screen and then go to a 20 separate keyboard to find the proper
key. This is time consuming and requires costly separate equi pment: One
possi bl e solution to the problem has been to arrange the nmenu of choices
along a side of the viewing screen and to arrange next to the screen a
s§ies of 25 buttons. As the |labels on the screen change the buttons
bec

>one dynam cal ly rel abel ed.

uires an artificial 2 - arrangenent of the di spl ay. Several

a?ﬁenpts have been nade tC)TmucheSéns;&iﬂégggvbme such being the use of a
| i ght pen which is hel#d o gﬁ!
the 5  desired respons@lé’e{nﬁ rom ?lfé{ér#?as hen en ers _
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eggngf {ggponding to

devices and more particularly to a touch sensitive device
for use with a synchronized light source, such as a

-cathode ray tube (CRT) for determining the position

of a surface contact. .

There are many applications where it is desired
to provide feedback information for information displayed
on a CRT screen. For example, it has become common
practice with the use of computers to display on the screen

" a choice for the user to select from. The user is

typically'instructed.tp.opefate=specific keys, on a
keyboard or similar device, to select from among a menu of
possible choices. In response to the user operatirgthe
selected key the menu is changed and the user is given a
new choice, again making the choice by operating a
particular key. Such an arrangement is tedious since a
user must first look at the screen and then go to a
separate keyboard to find the proper key. This is time
consuming and requires costly separate equipment. |

One possible solution to the problem has been to
arrange the menu. of choices along a side of the viewing
screen and to arrange next to the screen a series of
buttons. As the labels on the screen change the buttons
become dynamically relabeled. While this solves some of
the problems it does not allow the complete flexibility of
the visual display and still requires an artificial

use with a

.on.. a keyboard or

V\hlle.th‘s.solves some of the problens it
does not allow the conplete flexibility of 28 the. visual display and stil
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e:pen and the position of the raster is determined by conparing the
gnal output fromthe pen to the position of the raster beam at the tine
she signal. This arrangenent, while perfornmng properly, has the 10
di-sadvant age of requiring the user to hold a pen and to properly direct the
pen to t he proper place on the screer2 &t her touch sensitive screens use _»

¢ross wr %ﬁ]ﬁﬁﬂ: red light, reflection of acoustic _

sur f ace Waea\slrersa(i{ urrent d| Vi Si onégd:g}(em stive sheets, force 15 bal anci ng, "or

. mechanical buttons Sﬁvmkraﬁtmmwdyavm@%ew@ep‘émapbgedtbg a hal f
silvered ?r‘d Blen, Ve Ungch hdin tﬁf? WePofVa id éﬂ%ﬂﬂcﬁEiEOds

require careful calibration to e correspond e bet ween p0|nts on

t het ouch f&dckPvaRr the Rainh emcthe s%"%yscrl?l%n n%%ﬂr?%P°E@i§$eEPaF e
Lr ansdiceidestirambespeudd) cai@ennERén offie | GRT cpastepNIhex! sxtepd cost .
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Visual | di dheparh G (iR e T 7 e s Fek B RO EePBL AR AR cal Ly
changi ng hmmpaxﬁk‘ng vittien 8ignaibsoutput otradnethetpénbeo mgheaposytion
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sensitive deviCe for use 1n conjunc said device g
conpri SI n@mmngﬂsﬂe@@m&mimmmw; ah@%dtbech that signals

are 3Q ﬁyg Sl opes &Qeﬁ%é%@f&oﬁe @ﬂtéﬁﬁpﬁg Wi t hi n
sai d rreans al _Inter ‘&F reflectlon betvveensaf sur ces as a result g
& e

of a chan@é"&lﬂ?r dd‘rﬁ'%’%l PR Qakhe PROper uPRatas, SCEPE2medi um
change occurring asoméxeswucmfsmﬂtﬂWIm@msmﬁeueheéss\eiﬁés% to

P otent e, SR e R A el P RBERL LR, RREERREES I N0
a result ca‘urtﬁaa:esavajretsw current divigionubheresistive sheets, force
15 balancing, or mechanical buttons on which a display image
- was superimposed by a half silvered mirror. When used with
a CRT display, the foregoing methods require careful
calibration to establish correspondence between points on
thetouch screen and points on the display. The néed for
20 special transducers or many electrical connections increase
complexity and cost. '

Thus, it is desired to solve these problems in a
manner which allows the visual display to be touched
directly at any location on a dynamically changng basis

25 with the position of the touch being easily determinable.

According to the present invention there is
provided a touch sensitive device for use in conjunction
with a signal source, said device comprising means having
spaced apart surfaces arranged such that signals are

30 introduced between said surfaces so as to become ' »
entrapped within said means by total internal reflection
between said surfaces as a result of a change in medium -

bounding at least one of said surfaces, said medium change
occurring as a result of said device being touched so as
35 +to provide an output indicative thereof. _
| In one device in accordance with the present
invention, it may be arranged that said medium change
38 occurs as a result of the said one surféce being touched.




I n anot,her -devi‘ce in accordance with the present invention a flexible (Zé&
overlay may be provided adjacent to said one surface, said overlay being
adapted to be deflected into contact with said one surface to effect 5 the

sai d ‘medi um change in response to said oyerlay being touched. In yet

arfot her device in accordance with the Drésént I nvention, it may be arranged

t hat-~t he nmeans havi ng Iheanptiter deeite simfacesridanééewibhethangreseh®

defl écted in t t t o cauyse_saj d,nedi change to
occur. . Sone é&@ﬁ%ﬁgf@“éﬁnéEé*ﬁﬁﬁé %?gfﬁéyiﬁ%%ﬁ#?oBr§Y+9gﬁoﬁﬁg%°8§£cribed,
ref erence beity satik one t $urfaceypsaid ngverkaynbeingnadapted t6 be

FIG 1is a 4 | V§ o) e e [ touc itive.
devi ce accor ?%ﬁ%%%ei%sé%@%ﬁﬁ%n%ﬁé‘ éZQIéﬁgagea?g gg gﬁgt iC

repr esent&i&@%r@e&%mmm olnirespensegtaepaidfoverlay, the device
“being 20 in theidpiesisdiesd and touched conditions, respectively, FIGS. 4 and
5 depict the principle ofyq%)erat ion of the touch sensitive device accordi ng

to the present inventi¥Hh: @nether deyice inAceprdanes B%Eha?hﬁnal 25
system for dejresent airiverctidisi it onapi B@adrrdnged Hehatuthe SR8aHEI Ve device

L . . i - ot °oL
ol 11 ed | or LR ife RAA S, HpatE iteestets HLeRIRLE) Bnd P04 oo
FIGS. 8 4fd deflectsdin irespmsscbo aa i bosck hthengof topcauses saidhe (

arg angenent  fe v - chardid hté(tﬁ/é&*ch sensitive device in the untouched an

touched conditions, respectl hFIG 1, CRT 20 is oggrated in the well
known 35 nmanner such t3RMe @%eNplARY fembediments cof ohhguinventienowall

| Mpi nge Upon ride BY) EEEH B56E) irfd R d bé Iveg Ghaé 't £REUEEELAPaRFLAG N
line by line,,fromtop fo
draw 8, in which:

15 FIG. 1 is a pictorial view of a CRT screen
overlaid by a touch sensitive device according to the
present invention; _

FIGS. 2 and 3 are schematic representations showing
a top view of the arrangement of FIG. 1, the device being

20 in the untouched and touched conditions, respectively;

' FIGS. 4 and 5 depict the principle of operation
of the touch sensitive device according to the present
invention; S '

FIG. 6 is a block diagram of an operational

25 system for deriving a touch position signal from the
touch sensitive device of FIG. 13 :

FIG. 7 is a pictorial view of a CRT screen overlaid
by a modified form of the touch sensitive device depicted in
FIG. 1, and _

30 - FIGS. B8 and 9 are schematic representations
showing a top view of the arrangement of FIG. 7, with the
touch sensitive device in the untouched and touched e
conditions, respectively.

In FIG._1, CRT 20 is operated in the well known

35 manner such that electrons from the electron gun
(not shown) impinge upon the phosphorescent screen of the
CRT in a sequential pattern, line by line, from top to

38 bottom. As the electrons hit the phbsphorescent surface

-



i Bottom As the el ectrons hit the phosphorescent surface - 4 - the

' face gl ows. Phosphorescent images can be formed on the screen under -

) ol of the electron beam By properly progranm ng the systemit is

o_ ible to have any type of inmage drgpl ayed at any position on the 5
screen for any length of tinme. Thus, I's possible to create inmages )
. represent dzhe/esuﬁfamtglwsset@@sphmeecentlémages can begfiermednonny

position (rﬁhr L3S £8hd '@&n@r&fl‘ff ?ﬁé‘sﬂ.éiﬁrgﬁvb&& in accordance WI th

t he prese on, 1t IS possib OwW a user ?o t ouch ang
position on the scrB®rorepEXhy deregrameing cthe osyshenyithasppessibieof the

touch. In cgﬁér Chge S d devi ce
10 havi ngy?f’ﬁgwlréelCh surfacesé?hilg%é?l ‘?Aﬁrggﬁeé ik ?%%1 ?BSE{:]llq.gig ﬁ%ﬂr re‘;iélgent

screen Sm fior. any lengtl CRTTE'éﬁee?rtpiﬁj B€§§191"re| #8ge cal ling
for user reeRORs eimdg r@sex@t@eivéieufcmmse?b sdtagafnﬁamaéf-sen 10 at

" the positi.0 selected unper_6 IS occuy,S,._as wll

be expl ai G5t (95t %ﬁﬂ%i%v&?Ia¥$IP%§iE§?ﬁh?n 8n§§r??§ppeg S¢PBhi n
device 10.a Zlfbtﬁh ssensxbtﬂwb | depnice r ivvedscopdahee edijthothehprdsente and i s
det ect ed oy 4l tput si-gnal..useabl e for 4
determ ni lr%h‘?%% pos} f[jlf;f‘;nj?%?pé%?{?g 6 %gb‘gg?ﬁ‘g?ggegér%aﬁggr %ﬁyof t he *
t ouch 4bsiRasktion Lon cthe |%¢ié%ﬁlbyan® nbardeterntnecelectnonicahdyckiier ast er
to 25 the dddiQin 4 ﬁ%p%uéh.g”ainaérd‘éf-'t@ea@ébﬁ iisﬁeﬁﬁisbe@hw th .
ref erence FIG 6 o the I n %% CO ii iron and
det er ni natdth $&FeeR hp@? Bﬁl%‘é gnbaghiiping 140, 714.
Tur ni ng t eurtfaces WougtstmiddeamgﬁtlSroﬂiome?»ﬁhosrhonésdent Bbgebnont
surface okﬁgﬁéﬁ%%%mnth |1 ght rays 21 fromthe phosphorescent surface

passrng t ‘e parallel surfaces 14 and 15 of device 10 and.out into
air. When the CRT screen projects an image calling for

user response, a finger or other device is placed against
screen 10 at the position selected (the number 6 in

FIG. 1). When this occurs, as will be explained from that
which will follow, light becomes trapped within device 10.

20 This trapped light travels to the edge of the device and is
detected by photodiodes 101 thereby providing an output __
signal useable for determining the position of the touch.
The actual determination of the touch position is
accomplished by comparing the position of the CRT raster to

25 the time of the output signal a%yill be briefly described
with reference to FIG. 6 of the accompanying drawings.

This comparision and determination is the subject of
U.S. patent application Serial No.140,714.
Turning to FIG. 2, CRT raster beam 13 is shown

30 impinging on the front surface of CRT 20 with light rays 21
from the phosphorescent surface'passing through the
parallel surfaces 14 and 15 of device 10 and out into air.
Most of the light rays are transmitted outward toward the
user whilk some are reflected back toward the CRT screen.

35 Because of the air gap between lower surface 15 and the
front of the CRT 20 the reflected light rays (as will be
discussed) have an angle of refraction greater than the

38 critical angle needed for total internal reflection and




Mast of, the light rays are transmtted outward toward the user while sone’
are reflected back toward thé CRT screen. 35 Because of the air gap betwe
Iomer~surface 15 and the front of the CRT 20 the reflected light rays (as .‘,
wll: be di scussed) have an angle of refraction greater than the 38 critical -

angl e needed for total internal reercLign.and - 5 - thus do not becone

hped h t t.h pac t he 0
tewr o 10, cairiis,a6°ndt pEOERE vl hieadh, WAPICRHN"T il RS20
surfaces 14 anayss asdtheysapproaght thppled.geh@s‘.‘ t:llewwégquf can meveavi ce,
b ame SRS [ AsBuhbofih 8AERENENSINIEAR LD HlcBR® trbRTRA! To Ul T e

bl ack plastic. Ver tiona I nges 0 ode 101
and thus the 89?§ﬁ99§|@ﬁaﬂnﬂraﬁlﬂné &hﬁﬁo&ﬁoaéshtogpp€956b8§ ¢hﬁeﬁd@d'pf

scattered EIQBheaﬂévHaé aifabﬁgs@g'ihtomﬁ'hg ENabae s H S
known for any I nst a

nger Vi ng
pressure at a 50Fﬁ?gﬁﬁ 3bbsﬁhiﬁgem§1 be' Hi?FBeP}GStRGﬁIey? 5}t&iQ:he
finger, as weaddmsianamamgghtnimbengadlUﬁbﬁtphbtoﬂﬂbﬂb ﬂb1CﬁhHthu%a%Hé

d d
not refract aSubRey iehnh £re 58, BRoiSa1bde T KeTIERER tmtsnaId N |1
h& dlscussed)seﬂtteneé bégh#eandabpsdabualaenwhdchacuhilé sonstantflydevi ce

10 b t i ght n travels, as shown,
T e e N
S

orbers 102 are ineffBcFLGe Bo abgénserhig Bhgwn 8ppd¥inge pregsureapd do

not paﬁsttgrONQboiﬂEféﬁeﬁoﬁ4saﬁﬂaé5t1Ih5% débgcblgbt rﬁﬁigggﬁgbg%gﬁ]the
oges cause an u SI
ohtput 95 si 36 $2AeFE; cas hell) Rahe n88eRotn, SpenBEasHEnStn thenposdtode.

It is inportanf contact caasethighbotodbedeefl@tted back into device 10.
15 These reflected light rays do not refract as they did
in FIG. 2 due to a refraction angle change (as will be
‘discussed) and thus become trapped between surfaces 14 and
15 of device 10 by total internal reflection.
This trapped light then travels, as shown, within
20 device 10 and impinges upon the photodiodes 101. Note that
light absorbers 102 are ineffective to absorb this light
since the light rays do not pass through surfaces 14 and 15.
Thus, the light rays which impinge upon photodiodes 101
cause an output signal which is different from the output
25 signal generated when light does not impinge upon the
- photodiode.
It is important to note that the photodiodes 101
may be replaced by any type of device for converting optical
_ or other signals to electrical energy and may be a single
. 30 device or may comprise a number of individual devices.
In some applications a device at one surface would
be sufficient while in other applications it would be
advantageous to surround device 10 on all sides with such a
transducer which, of course, may have a single output or
35 multiple outputs. In some applications, the transducer may .
communicate with the edge of device 10 through a suitable
light conduit, and thus may be physically located at any
38 convenient location.



y be repl aced by ‘any type of device for converting optical or other _
ingg¥al s to electrical energy and may be a single 30 device or may conprjse
dpprber of individual devices. In sone applications a device at one
stufface woul d be sufficient while in ofher applications it would be
advant ageous to surround device 10 oh®l? sides with such a transducer =k

whi'ch, of course, mmnIvrdéniﬁbrd#eh(uuﬁnﬂhéﬂdé¥éfyﬁﬁﬂﬁé 6&5? In ig”E*”
appllcatio t h communi.cate with the edge o evi ce

t hrough a gé’lg?gb%gt t?’&n%%v %ﬁf”t RAF L §h SUTLAces | AR R at any
38 conveni Gnatledcmhiche, or Ithegral'faythn quﬂn’.shddtdmichei%ﬁéﬁdl esp\m_se the
edges of the deV|ce I e coate ite, or
they may be poli she nd sﬁ]vereﬁ%ﬁafoqlndts%e&ﬁg]mdhﬁaﬁ V’um ng

t wo- col gr sengdidivei @Gt@@t‘!@aﬁo@q@uaﬁ Ted atnstive \andirblug ue setnS| t:cve)
desi r abl f lalyn e&qggf o)
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such a way*PhdP thdssitheacntpudsu ol tp IRhehodataatonsl havingol or | ess 10
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di I e evi ce
o or dooky gevaBEDAON brdRifag BReICC (HAP e S e HSLECY | 7o
when t he ngPderag Qb&ﬁﬁtﬁg (ge@.ce the umame Tdingeray lelde stidsl produces an

extrenmely aouuBetan®fibaCoutpuitn@gnaiiough in this enbodi ment arrows have
been shown on light _rays to'indicate tfartI;éEN di rection of propagatlon

light paths are al walsSPB¢cilsfRDCeS, desirable to
15 interpose miniature louvers or other directionally

transparent material between the display screen 20 and
device 10 in order to improve spatial resolution. This
will especially be useful when the material bounding device
10 on the display Slde does not have an extremely low
20 refractive index. c
Though in this embodiment arrows have been shown
on light rays to indicate a particular direction of
propagation, light paths are always reversible, and thus a
dual of the device described here can be constructed by
25 replacing the photodetector with a photoemitter, and
replacing the scanned display screen with a scanned
photodetector array.
If this device is used with a cathode ray tube
very careful electrical shielding will be essential. 1In
30 particular, interposing a ground plane between the CRT and
the photodetectors is very helpful. Also, CRTs having
phosphors with very fast initial decays will work best.
Total Internal Reflection Criteria
Refraction at a single surface between media of
35 refraction index N1 anf N2 is shown in FIG. 4. Light ray A
is perpendicular to the boundary and does not undergo
refraction. Light ray B enters the boundary with an angle
38 61 and is refracted according to Snell's law which states




dual of the device descri bed here can be constructed by 25 replacing the l
phot odet ector with a photoemtter, and replacing the scanned display scree
W th ,a scanned photodetector array. If this device is used with a cathode

ray tube very car eful electrical shielding will be essential. 1In 30
particul ar, i nterposing a ground pl aneJ)e;v.\een the CRT and the

phot6det ectors is very hel.pf 3%5. CRTs havi'ng phosphors ,mth very fast
initial decays will wo s&&# ernal Ref | ecti on Cr|(

Refraction at Lightnglay Ueprredettes cthemdsbunddrys witlefargle ?ob Itwmlﬂm [ﬁar]
anf [err] is Li rpen oundar
and docs not }“%2”%5&%&&3 stiede Aoty et Ve dtedion y“%f an
angl e 38 [err]crﬁ.rl:dqaﬂ. eaglect edheac dby=di ,nhiclktris |the Ica/se/\kftnh &iny e

[err] _L|gh 3N, Q,grq%%h r’nﬂ% oundary wi-th angle [err] which |sthe
critical- anglefor tota ryerna eflection. This crltlcalmﬁaébgle ‘when
[err]=1, which i $infg Mar =2V Ny ¥en o byadR) f or [err] Total

internal refl mqn i&ﬁ:lé@@au' 2eT 11 dre" Hakies Py Wi e higs qaﬁge.qalthan
angl e such.th err]t grea er t‘%o err ]qmi nce si,n of I S Iess han 1

ity follows th e riftisad SEneater |%neac°r -"F&Fﬁlon
to take pl acesiiiuom rsgirso\metss Farﬁn 3, itthefoldows mmt niustnlbe Megsnal

e N Tl Rt 08, (BNa st RRAr PR Bl 0L e,
I ight ray A 15 enters Tyening now &iG., Syotthe icunstitidons:ifarwttatakannot
take place begagaenkhe IJeTﬁ%t@.fonr erfmc)t W3R 12thd %dﬁ@wd %Jiférﬁ%ﬁﬁfé@é e%
light ray to an l e snal | er QF crlt cal e hecessar
i nternal refr&cFFHﬂ gﬁ We MidRs STy hrefrastigeomet ry and
Snell's index = 1) at the surfaceS-of the device. When light ray A
15 enters device 10 from air, total internal refraction cannot
take place because the index of refraction at the lower
surface bends the light ray to an angle smaller than the
critical angle necessary for total,internal/féfraction
which isf%a This follows from use of geometry and Snell's
20. law since
sin 84 = sin 8, = sin 8 /N , (3)_
and sin 6 is less than 1 for a11 angles of 6 less than
90°.. - o
In the case of light ray B (FIG. 5) the air space
25 1is eliminated when the light ray is assumed to enter from a
medium with an index of refraction N,>1 which occurs when
‘another body is in contact with the bottom surface of
device 10. Total internal reflection can now take place '

(where air borders the device) because the light ray is no

; | 30 longer bent to an angle smaller than the critical angle at
' the lower surface. This follows from the fact that
. sin 61 = 8in 92 = (NO/N)sin eo . (4)
' which 1s greater than the critical angle 1"1'\1' When
N, sin 6,> 1 .- _ (5)

35 Likewise, a diffusely reflecting body 51 (N>1) in contact
with the top surface 14 of device 10 can scatter a light ray,
shown as ray C in FIG. 5, in such directions that it becbmes

38 trapped by total internal reflections.



. 20, .law since [err] and-sin [err] is less than 1 for all angles of [err]
egs than 900. In the case of light ray B (FIG 5) the air space 25 is-
inated when the lightray is assumed to enter froma nediumw th an
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cercen, dRPETTRELIRE Y bodiind WO Hopd Jedgh fedagd’ E T o
cause sorrﬂ'elfd.teal‘tﬁqn dion aicquat Iaé'ctaldn timeﬁ:cmvm when tnerctouck drashen no
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bri ght ar 8@PresiatdecRptputeat Shreabte AU WdunkR® in that for
each cycl eagftelr efadf gy dﬁdﬁr@tMgw\éﬁ'éﬁ nlathe! CRTN- §OPGRt
These problems are compounded in that for each
cycle of the raster, the output wave form has a non-constant
15 value resulting in a signal which, for a given point, may
be greater in magnitude without a touch than is a
portion of the signal output in the presence of a
touch. Thus, it is not always practical to simply measure
the signallevel of the photodiode output in order to
20 detect a touch signal. One means of solving these
problems is to use an arrangement, which may conveniently
be referred to as a sample spot system, which is founded,
in part, ‘on the understanding that a meaningful touch can -
only occur at one of a’ set of specified touch locations
25 4according to the pattern formed on the face of the CRT
screen., A block diagram of an operational system which
makes use of this sample spot system is shown in Fig. 6
of the drawings but will not be described in detail herein.
The system is more fully described in the aforementioned

30 U.S. patent-app]_.ication Serial No.140,714. In the sample 2
spot system the CRT screen is divided into nonpermanent
locations designated touch areas and non-touch areas. .

The areas are changeable, as required, and may consist, .
at any point in time, as a single touch spot, or there may
35 be several touch spots or areas spaced around the screen.
The coordinate positions of the touch areas are stored in a
memory and only signals generated while the raster beam is
38 within the defined touch areas are considered by the sample

———— ———— e



15 value resutting in a signal which, for a given point, may be greater i%Vf'

magni t ude’ wi t hout a touch than is a portion of the signal output in the -

presence of a touch. Thus, it is not always practical to sinply neasure the

si gnal | 'evel of the photodlode output in order 'to 20 detect a touch signal. ™
e means of solving these problens is-t9 4se an arrangenent, which may '
venrently be refer ed to as a sanple spot system which is f ounded, in

part on the SR hg that a meani ngful touch can only occur at one of
a set of specrfred tcumhelsnmplmnspdﬁ smstemdidgringtbheptimesnwhenntheon

the face of t e @Q?o ti S whi ch
makes use of 1 S sanplg g%o fﬁéﬁﬁ#@ﬂfﬁ@a ? Qﬁég ?Q@hléérgﬁﬁhgs but

will not be dl%‘m'lbeﬂ@m meaphommdesm %yﬁ%@@n 3%1';%?@ basig. deThei bed
in the af Stem teaﬂz?»&;& Q?@]eﬁ e&ah'&efiﬁedseimel pdSitfEn7dfe N the.

sanpl e sp i s divided into, noppet man | ocat i ons
desi gnat ed 't t9r QUEP¢RF¥todghea§%%E ngeande ggﬁiﬁgcﬁﬁnﬁégﬁ et03s
required, an(kﬁ@)ﬂ@%éﬁer%e@@%@%ﬂﬁtl@rifﬂ? iasthesvigéo Lmagé wARL, or
there may 35 be_ several .ﬁtch spots or areas spaced around the screen. The
cgor di nat e pdFHMC HTHEBBuch areas are stored in a menory and only
si'gnal s generated mhrIiheruamp&eesp@taaysteﬁSoperatasthe sebhphedtheuch

Syetem affi EdEieedy & e Wi (S £108R COAE R IErBE ReRRID

ar ea, sanpl espﬂﬂﬁ,e%utmush hoeAbiens owaichapet viEhips theqdgdined The
5 val ues of tﬂﬁxéh 1éﬁs aomﬂsfsateﬂl | 18 ﬁeaetfeﬁ 869ephlr StctBsBive
menory. The s Ilng stor is tinmed % gﬂg raste bea so t hat
drifts in ther QiSRVETRET b?%??él grsﬁﬁﬁ erg‘ﬁ Brsystem

oper at es to,quMtiaﬂmis stored in a separate memory location. This
15 -occurs at a speed fast enough that all the samples are
complete before the first touch could possible occur.
Thereafter, every time a frame is drawn on the CRT face
by the raster beam, the photodiode output corresponding
' to each touch area is sampled and the sample for each time
20 1is compared to the priorly stored untouched average sample
for that time. When one of the compared samples exhibits
an increase (mismatch) in magnitude over the priorly
stored sample, a touch signal is generated. Since the
location of the mismatch in memory corresponds to a
25 known position on the CRT screen the position of the
'~ touch on the screen is known exactly.
In Figs. 7 to 9 of the accompanying drawings
there is depicted a modification of the touch sensitive “
device depicted in Fig. 1, in which a flexible membrane

. 30 11, which advantageously may be transparent silicgne
rubber, is provided overlaying and spaced from the top

. : .surface 14 of the device 10,
' Membrane: 11 may be separated from: top surface
- 14 of device 10 by any one of several means such as, for
35 example, etretching between supports or resting against
ridges, protrusions, or flexible tabs dispersed about the
surface. The flexible membrane 11 is advantageously
38 constructed with a half tone white dot pattern on its



ot odi ode signal during all tines that the raster beam passes t-hrough
ocations which are within the defined touch regions. This sanple is

)1 f or several successive raster cycles and the averaged result for each
er position is stored in a separate nenory |location. This 15 occurs at
a“speed fast enough that all the sanpl@s-are conplete ‘before the first A
Louch couldhfidsshilfader oy the@?&@%éﬁ{s YK Yad | #Brfpd T @R1ES drawn on the”

CRT face by e raster ot odi ode ouf put corres ondl ng to each

touch are@lis® fepises bnd 'EI'Hes s%ﬁﬁﬁ”é"‘*‘b? FuLLows bbeht % to the
priorly stcme%%@yewcb@s@rmw@fﬁmwmeumwﬁen one of the
conpared sanpl es exhi bits an |Qg{ease nj snat ii Q %?ﬂ%lt e ov r the
priorly sVoheedkMhi% USPR ARIVSHRT Y ekt areyte 2w ?B 8tion of
the m gtrﬁtmé IQI}W_ e%erfﬁr rv&semt Rﬂiet(ﬁ]‘n Seredmopro Jests | an mageel CR'llz' -
screen the ition o e touch on the scr n..s n Figs.

to 9 of tﬁ@agéfﬁrpﬁ?ﬂ/“}ﬁf TRRIRSE nd & p?%t%ﬁqgwn%g?iﬁéa Ton of -t he
touch sengliscesl @anrsﬂetphe:tcmitem ﬁugfaqe of vine chembrarsi bl catiebheane 30
11, which el ren r gpProvi ded
overl ayi m}jaoCL ?spac romt Bﬁ? sur a%ei Fﬂf; ?ﬂz dg@?% %§ Menbrane 11,
my be segmcMnrsl, @HWibb bmrermhaqnﬁ@)ffmﬁel@a’&m BichnyibhefoilQuyer al

means 4gyich § tfwc&é%% d SI{EA L1 devies WeeD S‘DHﬂﬁrtﬁappedexighﬂ

agai nst H(%% rotr ik or f{g%é@%e t abs & igeé g ﬁb u% the surface. g
The f1exi F %%Hgﬁghe &b EFGR AL oh8t FREEEHCHR PH a hal f tone
white dotphﬁﬁdﬁibdﬁsl1cﬂ as- aﬂﬁbadyndescnﬁbédcelththefepencerte such as
strips COL:bI. aI 0 be used). This construction allows light fromthe CRT

screen to 'nrough the menbrane 11 to be viewed by a user as wejt as
bei ng refl ect ed back towards




.
5. the .CRT:screen. Wen the CRT screen projects an inmage calling for user 6%%?
response, a finger or other device is placed against the outer surface of
the menbrane 11 at the position selected (the nunber 6 in FIG 7). Wen
this oceurs, as will be explained fromthpt which will follow, 10 I|ight
baggnes trapped within device 10. This trapped light travels to the edge of
the device and i s deTernbugblo phLéedBodeBT10ash6T aPeaBd)3dd5cERBWR i t h

reference tog é§£%$§n%eon tHd fro%ﬁfﬁtf?aée Ebeaﬁ 26P$1t381§ghbes &3 is

shown i npi ngl front surface CRT 2 EEE %é romthe
phosphor escedt %EP*aE@epEEQFHB°?ﬁ?6ﬁﬁﬁ Fﬁﬁfﬁﬁ?apﬁﬁﬁlgﬁr f “88vi ce 10
and into me mél sérﬁgeaslbghaewué 400anahontd mesbranesmtted outwar d

of 'the ai% gé feRRoEnenchpt, BR0Rh) ake bRARREibER) RRRREC 11 and

out er surfaceoﬁdr@ftﬂevuserlﬁndhsomefheetedfleghedrhaskh&owaad &hel e of 10

f t | | d t |
ol oction BT h6B0shac BREBUER qEUEhE HEF°ESp 30 pBReeS the lowerl 1M
appr oach thesengecefoﬂeﬁlexlbbg mambnener1assndeouﬁeangu§f§9ﬁf|&ueﬁt to
bgcome trapﬂﬁ@v@@é“@@”ﬁﬁﬁrEéfféc%édamﬁgﬁﬁ 9a§sthu%ewﬁﬁt anplel bght 15

appr oaches t devi ce passes .1 n

oth % é ab%orbln urface
102, as H@sc??%@%cﬁ}Pﬁ Lesgr thes #Beppg;t}ca napg egeqi f 0%y P hown
agpl'yi ng pr esatesnal 2epPleotion hha tnﬁsspraéacch@bughrraemeelazor.hemmzo

e 1 rovec ek hoRRTHa bR« RaeH] oBfoish shE! £BE%, T, Aeydie. 30088 ' por
directly undrevebeapsume ah pngisusuffintiapvt. thebecome trappedcoated
thereon a suplag€en?stiirGRebS1HPERaUAS bAACRRUE RAAEEFRL 19kt
‘ 15 approaches the edge of the device, passes into the light
absorbing surface 102, as descrlbed with reference to
FIG. 1. . '
In FIG. 9, a finger is shown applying pressure
at a point on the top surface of membrane 11 thereby
20 flexing the membrane 11 into contact with surface 14 .of
device 10. Air is thus removed between membrane 411 and
top surface 14 of device 10 at a point directly unde?-the
point of pressure contact. Membrane 11 has coated thereon
a surface 12 which is made up, in one embodiment, of -
25 half-tone white dots to have increased reflectance and to
scatter the light rays.
With the membrane depressed light generated on
the surface of CRT 20 near the depression passes through
_ device 10 and into membrane 11 and is then reflected back
20 into device 10. These reflected light rays, since they do
not: now pass through air, do not refract as they did in
FIG. 8 and thus some of these rays becdme'trapped between
surfaces 14 and 15 of device 10 by total internal
reflectlon.
35 : Thls trapped light then travels, as shown, within
device 10 and impinges upon the photodiodes 101. Note
that the light absorbers 102 are ineffective to absorb this
38 1light since the light rays do not pass through surfaces 14



t rays. Wth the nenbrane depressed |ight generated on the surface af
-20 near the depression passes through device 10 and into nmenbrane 11
d i's then reflected back 30 into_de bce 10. These reflected light rays,
si.nce they do not now pass through air, do not refract as they did in FIG %
8 and thu%n@oﬂﬁ-ofT¥H§sethﬁy§15§goﬁ§y§rHB&SB'B@P&Eﬁﬁ YBEP,58€ 14 and 15 of ™

flevi cle 10pl§’dt%@ié&ebh?ﬁﬂ nagus_af hﬁ(llgheﬁut_35ignal whicﬁh'tti.ﬁ aﬁ%mtaegnltic-ight 1}) Qen
ravel s, S S wWn, n evl ce an | nges .u n e odl odes .
Noce t nacErol TG oukbuh, sigtaloaenetatenl Fabh: Ja6R3" 4665 BT S 96 "1 1 ont

'\!ralf-tone white dots to have increased refl ectance and to scatter the"
0
.l!‘

si nce theimpihgerapondbheophpsedibdesugh surfaces 14 - 12 - and 15.
Thus, the light rays L Cchy. I.MRI u t t og.ad 1 an out put
si gnaléwhi chiis dF f’é&@ﬁt H??o siige Hoge “%FS"%%' %g(r%erggtd'é% o the ght does

‘not i npi ngeitpodotaclpningdawarsfrom the CRT shomddebehadeymedteor

useful, theagiglesmaist BactBhbgadthe LaakIsEIRY EheORIC iWgkesgl d be mmde
matte bl ack. This I ncreases the_contrast of the CRT_inage as viewed by the
user, whi ¥heved| BYother weeE,pwhiel, wauddpptherwdse be deexadedn® i ght from

the dots.prdPPefBibANoPJatBifRY DegHENEreM Bheadodsy OTheedagkendmgexanple -
OX|d|fgngV%§eEex osed surfaces,tor y ghotqegchln thg@ﬂ@%ﬁ f.rqm a conbi ned”
| ayer—0f B HGDRPY AaVBFLEEY ShcHeRBSé: 19T & d3Pier | aying
matt e bl athedexposedubudrifacesgf ok byr paopoeRthinge the dods fidom teouch a
screen 15 LLRe e L Le t f res di - Is on a
CRT type ?S@ﬁ?ﬁéﬁggggg%hgfgp%égﬁtgﬁ%v@%#?on #%3§3ﬁ§0 ?@%& &?@kgﬁ&gltuations
where it eshameement: bypeverlsyingparttenbdagks dod@,awouddatieon. I n such an

arrangenmegkefyl for any CRT, even without the touch screen
15 described here.
While the focus of the present disclosure is on a

CRT type light signal the present invention may also
find use in situations where it is desired to position a
part in a particular location. - In such an arrangement a

20 fixed light source may be used at the desired location and
the part moved mechanically or otherwise to make contact
with the flexible membrane. When the contact is at the
location where the light is focused total internal
reflection will occur. This total internal reflection

25 will become visible to a person observing the device. Thus
the device may be useful for determining a surface
condition of a screen or other device. The device can also
be constructed using the flexible membrane alone, with
photodiodes coupled to its edge. If this membrane is

30 positioned near the CRT face, but separated by an air gap,
light from the CRT will pass through the sheet without ¢
reaching the diodes. However, if the membrane is flexed
into contact with the CRT face at a point, some light rays
from the CRT will become. entrapped, impinge upon the

35 photodiode,.and cause an output signal which can be used
as before for determining position. To improve this
deviceé, a second membrane having a smaller refractive

38 index and partially light absorbent can be overlaid on



20 fixed li-ght source may be used at the desired |location and the part @
noved : nechanlcally or otherwi se to nmake contact with the flexible nenbrane.
When ,the contact is at the location where the light is focused total
|nternaF reflection will occur. This total_internal reflection 25 wll

?ng visible to a Eerson obserV|ng tfe device. Thus the device may be
us§ for déterfinshgnembynaneece bbgattwihlostilicbeepnbrappedr idevi ce. The

device can atie ber6OMABANEARH baL"GbNErFbeY! BrCoTeTRpaNGeLaNe, W (b

phot odi odes coupled to 1ts edge nbrane 1S ositioned near the
CRT face, bufoR nathonyor ?r°§§§r sughacer of the @RYlﬁﬁlwlééss t hr ough
t he sheet vmb@ouédﬁ@é@hlng the di odes. However, if the nenbrane is fl exed

into contact with th int,,sone |i r

wil'l bec entrappe g eﬁﬁﬁﬁbgﬁea§5bﬁﬁ5$oﬁpggéca§¥8 %8 géggﬁ out put
signal whic hs:c@mabe, u:’edshsubéfbe eundxerdtbednthahgthespnnclpIésl oprove '
thi s device, hay| a r agti v 8;1.ndex and
partially |I&ﬂ? a sorben can e&%tgg?aagg@£iﬁéd 8%% ﬁ& ng 8t menbr ane.

Li ght will s@w;ﬁumtmmp'pbdomerhelmls, neuthaas baousbecalf ert of oil
-aq,d other cogl gét#chiONsMb t&iei”éﬁé;fetﬂg gﬁfsﬂﬁwgh&% efign' cduced.

I Cca

hoqg@agesc | be bei n
should BE)UQ%%ﬁ t ha th%fp?P“€§%beésoF°th€ F%@@ﬁs§€ﬁglth9§ Hb?ﬁée
descri bed rregk:bblekseﬁnlﬁhéoﬂrtmﬂéjwoﬁlmthaﬁthPpiiSQﬁiénsSHﬁh as acousti cal

| ect bgy th 0d bed.
Pt b tour alodfel 0B 886 ISkng BletREBOKE. EaveRRERS RAT 8 ny By T
many appllcébuxMB amdansdparatel@asluelﬁgrthatbngsemthlaneakieﬁlngd it may

be bul 1 25 @REGR" 24 nlf e Cubfilr(BL1Ga 61 "a Part' 31 2o FhpBhatbn™ D

manuf actured as a par oSl on
1l screen 1tse1f. Also, the trapped light may be removed

from the device by any light utilization device, such as,
for example, fiber optics or light pipes.
Using the touch sensitive device described in
~ graphics and taking advantage of the fact that multiple
20 positions can be detected, a user could rotate a shape
by touching two points and rotating them around each other.
A user could position a line by simultaneously positioning
its end-points; or could specify a quadratic curve by
indicating three points along its length. Areas could be
. 25 colored or shaded by touching them while pads indicating
these attributes were Simultaneously touched. -
In text processing, a screen with relabelable !
keys could prov1de a shift button that could be pressed
simultaneously with other keys. A text editor could
30 combine cursor control and touch sensitive buttons on the
same screen; and the buttons could be touched while the
cursor was moved (to change the text font for example).
In the case of the FIG. 7 device, this can also
be made to discriminate different levels of force. In
35 graphics, this force discrimination could indicate a degree
of shading, or could be translated into linear 6r
rotational velocity, | '
38 Force discrimination could also be used to



scneen itself. Also, the trapped light may be renoved fromthe device by
gn ﬁll ght utilization device, such as, for exanple, fiber optics or '|light
1 Usi ng the touch sensitive device described in graphics and taking
itage of the fact that rrultl p-l e130 <positions can be detected, a user

g?ﬁle? rzt %lgi’ﬁﬁogl.?é) OSI%I on a m&s ﬁpé?f %gsil.?fgﬁar Ound ea(-:h %

aneous roning its
end- poi nt Louwkd &ﬁul@%“iﬁdj @qﬁ%r%@#@emﬁﬂeﬁ% ‘FWC@@VG@ three points

along its Hi%“%:h hd¥ Bngér!| e Gsg Sthé A DEFTasP ?ﬂgn Oug?(séfuébh]?& them

while pads indicating these attributes werge s1 hu touched. In text
pr ocessi n@iBPLF RREFSi BTG When LFhe l@?/%l%%lﬂo%}%?ﬂewﬂsshl ft button
that caul bvmidedsed simul taneously with ot her keys. A text editor could
30 conbi ne cursor gont r‘g{ Cﬂrﬁ uch ens ti v?ej #éonskon he same screen;
and the buttons c P df 2 LU0 BB RDYRB (to change the
text font flexibkedwdrlan amebh:asﬁﬂbf '?hr&eﬁ.@ traeslueenthi andan al so be

made to di t hics, this force
di scrim nﬁ;na%%%l% ﬁ’l@%?@ ?/gr%%%‘?éﬂéaﬁr %Poiécgfd d be transl ated
into |inedielavision itreh the ear. Jhis would giveeadisegenaresi on coul d
al so o UsRirdéh and thé foc@éixﬁ%%@ld heegd f €61 t06 PRhELLAY %aﬁiamursor
position could be, indicated on the screen as the user noved his or her
finger acrfd¥P R0 kyficon W splay, and the user could sinply press harder when the »
desired position was 5 obtained. It wuld al so be advant ageous to nmeke the
flexible overlay of the FIG 7 device tfanslucent, and to focus an inage
upon it by nmeans of projection television fromthe rear. This would give a
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- AIM5S 1. A touch sensitive device for use i m I m m]

ool Rource. s devree comr 5 g regee o SUMIMIMANYle <=,
'géd such that 5 signals are intro | i

g;égggegnfrapped Wi thin said nmeans byCLAIM$ internal reflection between

' ' boundi ng at | east one of -
sard surfaces as a repyl t4 ofogels NSEWE; L\ LEY m, £ g al | Lone ‘
sai d surfaces said_gﬁdlun]change_occurrlng %g % eI 1881 184 d de

i R o cépdsaid | devider eshprLsidg devi ce
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A dovi ce 2 SEateey el HMR R B Yaccn s o mes i iof & hagsed
apart surfacé® medduay bguadiag ats Jahm‘dteatrmg am gﬁ%%#&fﬁ h%% |
brpcadi sa: dl_ed&dhul&hri Si n%cts?i gna; gﬁ%ﬁiﬂ%‘*@#féﬁéé@&nﬁﬂ@ ibeing th a
. . C > . . . N .
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- i d i t spatial Tesotuti-en. (o
10 screen and the focusing would lead to the finest spatia : (§E£>

evi ce

signals are introdxéegvP?iuggag%g?%egq%ﬁﬁ%ﬁi'gféﬁgﬁﬁiékzp,Lﬁégkhéﬁéq1ea
g e g HBHE 3R ke TS D e tneA sieiees as
cl ai med i n ah§¢ipgetedchgde! ai m |
o 3. A device as claimed in claim 1, comprising
15 a-flexible'overlay adjacent to said one surface, said
overlay being adapted to be deflected into contact with -
said one surface to effect the said medium change in
response to said overlay being touched.
4. A device as claimed in claim 1, wherein the .
20 means having the spaced apart surfaces is flexible,
- and is deflected in Tesponse to a touch thereof to cause
said medium change to occur. '
o 5.'_A.device as claimed in any preceding claim,
'coﬁpfising'signal utilization means communicating with' a -
25 region between said surfaces for affording said output
when said signals are introduced between said surfaces as
. a result of said device being touched. .
6. A device as claimed in any preceding claim,
wherein a portion of said signals pass through said
30 surfaces.
o 7« A device as claimed in any preceding claim,
N\ wherein said surfaces are substantially parallel to each
other. -

8. A device as claimed in any preceding claim,
35 in which said signa] source is caused to move across said
' surfaces, said device-further comprising means for
coordinating the position of said signal with saig output

38 to determine the position of said touch.
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sﬁmmm MEMLHNSUbStam ially parallel to each other.” 8. A devic
| ai me i, A¥g claim 35 in which said signal source is ..
a

o rfrové ross said surfaces, said device--further conprising neans

dinating the position of sai&ighal with said output 38 to

det ' the 11 f id t h. =2-..16_- 9. ' | ai med i.
iy precedi ng o1 abin @SP4T Cremad oy e R [ube ana

s g4he reiigh aded AW ignadr esduntcendis el dedthosen ray dbwhe fawdks are |i ght
fromsaid _cat V., 4 ' claimed in

W%?F«?Iqr? sséqéi] g‘sﬁ%qﬁsuﬁﬁfc? a?alr on 1r?ete§1%dlli%:q uﬁ%?%%ﬁ Ieseééfs% -one |ight
g stirddees Brea ldghtc signalisifinon isaid gakhpderieeitities d si gnal

i on nmeans 4onc! yderepiid Gd idRiSmed Uin claim 5, Wherdisouch
e device substantially as hereinbefore descr bed with ef eéence to
| Riemadni Uil 1 zatel o means (INc1udes rat deast e pLigh

r_eprodaoe(aéqg,éoqﬂqié)cagmd@.g the applicants original typescript. It may

Cypescript contai i thaliin At aias o TR a MR LT o ses of

the Pate
10

ntsadd isiggnal utilization means includes optic fibers.

12. A touch sensitive device substantially as
hereinbefore described with reference to the accompanying
~drawings. '

T™e text of the specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspecied on the premises of the Patent Office
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