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TI TLE OF THE | NVENTI ON Optical System Usi ng Tot al

Internal Reflection I nages CROSS REFERENCE TO RELATED
WARRLI1@3¢¢8 ONS Thi s application clains the benebPdT/UsI0d€010322

35 U.S.C. 119 (e) of U S. Provisional Patent

application No. 60/664, 254, filed on March 22, 2005,

the disclosure of which is incorporated byreference

herei n. STATEMENT Eﬁﬁf%, qgﬁﬁ#hf: ONSORED
RESEARCH OR DEVELdﬁE§Q$ igﬁfnven |oﬁ§§as made under

U. Sptranl My sttdnoUssamgy Mossill enCernandrREohecatdn NDmages
N31P4Q 04- C-R280 . The governnent has certain rights
to this invention. BACKGROUND OF THE | NVENTI ON The

propagat i @res akFERRGeE! hooraghaeRpEXOot a8RTEENS Of
face mask optical plate is known. See, for exanple, US

Pabdst aRplisagdengedaimef shei hgnesifi ynderhdbelnS-Che§ 119 (e)
ight ] ' d Lall ) flection .
or SNl IhISRETRAL KoplalObhoq Sy I{ADIME firea on
Marchnbedj men008lj scilsseslitshd ogsiereof of ot @hitht efdalincorporated by
reflection.fromthe surface of the lens or plate in
referPRER PGTFEBuce the thickness of the lens, or to
increase the field of view See, for exanple, US
Patent No. 6,384,982. SUMVARY OF THE | NVENTI ON An
opt i T TEMENTe REGAHRDINRFe FEDEBARL-EJSHONBORYD | REPEARGCH c0R

that all ows sel ection QBE?E%bEgENgPdeS for

transm ssion along a lig@ ther axially or by
t Thak intvennabnr ebkenttenunlereupsrt pewhankyatiba and Missile

systemincludes a_light pipe conprising a solid .
CommaéaiGaPtEPSHeNP-hE@#%éQrﬁé-SaR%gEe|T§9r988@§nme%h has certain

right 5866 SRYECEnvastusles a display elenment and an
illumnation elenent thatincludes at | east one |ight

source. The image source directs |ight
BACKGROUND OF THE INVENTION

The propagation of an image through an eyeglass lens or face
mask optical plate is known. See, for example, US Patent No.
5,886,822. Referring to Fig. 1 herein, the 1light is directed
axially, and reflections from the outside surfaces lens are not
desirable. Another known embodiment discusses the use of total
internal reflection from the surface of the lens or plate in order
to reduce the thickness of the lens, or to increase the field of

view. See, for example, US Patent No. 6,384,982.

SUMMARY OF THE INVENTION
An optical system for a head mounted display is provided
that allows selection of desired modes for transmission along a
light pipe, either axially or by total internal reflection. More
particularly, the system includes a light pipe comprising a solid
optical element having two parallel surfaces. An image source

includes a display element and an illumination element that
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into the light pipe for transmssion to the eye of a

user. A collimting system between the illum nation
web@aamseand t he di splay el enent includes a copdEnStong010322

| ens el emrent and an aperture |located at a focal |ength

of the condensing lens elenent. In one enbodi nent, the

aperture and the light source are | ocated al ong an

: [ nsi I engnt so that nodes,.fro .
incIfES, Bk 1BEoEPRAE TION: S0% 0 DR Sihdd HalfiE Srb¥le 1igne
intobyheoflabhinpépeakor et Lansmoee ofd ttche:l‘tel\ICEyﬂfjlrc?ﬂ leluser.
f ,along the light pipe are prevente rom
oft TP hHTHELRY oY S e, DA SRt FBP. eibGiiatiLon relement  and
the |disn£at e9BmeheMeifciyddss Rddddely | 1ght $QYhedt and an

and the collimting systemincludes a further
apergpset hpeatgfeatuat hegal i gngtdo Wit chmdarerdfimchdens element.

er . 0 ed. o i S t.he condensi ng | ens
on. SRER OB aIuBN Sl e S0REnSAgLetEe tocacea
alongl lammarats oof etheerbndeheinyhe ehisgl it adsl @&t modes from

trapsmtted along the |ight pipe by total interna
the r%fiﬁ%ﬁ?%ﬁﬁ%ﬁ ?H%m?ﬁﬁ ﬂ&%ﬁ}l@Puégrﬂﬁ%e§¥apﬁmét§ﬁbﬂ? by total

1nteg:Hé§. %E—:‘f@gJEQQ]{)HFBEf the ‘t*ﬂbu%gﬁgigﬂeggﬁrﬂie%s' Qﬁgﬂge\%he light

plurality o i ght sources, I matin

pipespseenrevaptedefram pbntreting e dgghttudgpe .each

apert ssoci.ated with i squrce. In .this .

o RS eSSt | e’ 311-B8¥eEru i itk trgtudes a
furtheght1pgipe, sodked, | east anhpor&ébDDimAtihe BERSm@r Gncludes a

transmtted by total internal reflection off the two

furtﬁﬁFalF@frEHFfacégh%f Fretheghtl ighge. SAvwras glRndsolhges further
aperfaPebeid | upLoaLQd d#¥ SQQFS”Q&' t enar Oé’érgc?ergébjl;ﬁger ¢8hs and the

I mge synchronously. The |I1ght sources can
dispilayueieaced, stouthanoweddsy fromprahg dd lamimssgemnwellbmant enter

cre Yylfe LG S gl SUPRENDEL b by o
inteonel | apf 1 EESHH ATt Gh wdp2RAWSNIGS urfaces .

In a still further embodiment, the illumination element
includes a plurality of light sources, and the collimating system
comprises a plurality of apertures, each aperture associated with
a light source. In this manner, a plurality of modes can be
transmitted to the light pipe, and at least a portion of the modes
are transmitted by total internal reflection off the two parallel
surfaces of the light pipe. The light sources can be illuminated
in sequence to provide different image synchronously. The light
sources can be illuminated simultaneously to provide an image with
a wide field of view. The optical system can be configured so that

the exit pupil of several modes overlap.

DESCRIPTION OF THE DRAWINGS
The invention will be more fully understood from the
following detailed description taken in conjunction with the

accompanying drawings in which:
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The invention will be nore fully understood fromthe

follow ng detail ed description taken in conjunction
WOWR0k/103368 acconpanyi ng drawi ngs i n whi ch: Fi g. BCT/ES206/010322

schematic illustration of a prior art optical system

Fig. 2 is a schematic illustration of one node of

total internal reflection of an optical system Fig. 3

i Sysa. schermtic i [ opposi.t e node of .

e T ER g SR (P o BRBRRORE & (BEfogt are optical
Systléng_. t2 | FI gi r:‘ruials iarrzcggrrgtl Ci InleloluisargtIsioﬂglmce gpti cal

variety_of, v

sy§1gémy2 Fiy 8 i?%%ﬂ&mﬁfﬁ?ﬁ%’éﬁ%t Pdn opeaficde of total
inte@plilCalef3¥ELEBht 85 gAYS1Ed1 drh ght virtual

i mages; Fig. 6 is a schematic illustration of an
optidcal 3 s¥St ém S ewa it nblbeserat ben sefe@redopposite mode of

il | WR [ [ es:. Fi 7 . .
cota RERetrs Y PREEELERoN Ok {ole | RORN luh h Ki o s
vatiget VA ofst at akchenbedrali efkkeation wrles Oaﬁi@Eyfof virtual
. selected; and Fig..8 js a schematic illustration of a
+MAIFGr £R 1’86% T8I 2sTEEEHT i PP wfih SYskstiety of total
| migrna iefhegthanaipdes 193rckgrishedtedn @%@ system to
DESCRI PTION OF THE INVENTION It is the object” of this

remoy gy dAEFoANE o EPRE rot rEvrl phitmRmt | gln of thle. | gh:
t B t ossible qr elinina :
Bagu e Lo0s, gt THERNELBhe o SIBERLA grscen 1n
whicBhmedesntanl bé sseléetadotd Mriouglirdes gelelctd® hRatkal images;

light systemused to illymnate the LCD. W can, _
clggrgi‘dg\r/ the? | BRECBREHFatd st BBt AORaPEg AR R GHY cystem in

which NHMOear0bryDASs CEd:Pf OPAfAal NG ilhe s can pe
node whi ch
selected; and
Fig. 8 is a schematic illustration of a further optical
system in which a variety of total internal reflection modes can

be selected.

DETAILED DESCRIPTION OF THE INVENTION

It is the object of this invention to control the
propagation of the light through the lens and to make possible or
eliminate total internal reflection (TIR) from the lens surface.
This control is attained through design of the back light system
used to illuminate the LCD.

We can consider the lens or plate to be a waveguide in which
a number of modes can propagate, including the axial mode which
does not require any reflection from the waveguide surface. (This
is in analogy to a multi-mode optical fiber in which rays can
propagate axially or by using reflection at the interface between
the fiber core and the cladding.) To control the mode of
propagation through the waveguide, it is only necessary to control

the light rays incident on the LCD. Rays which are well collimated
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does not require any reflection fromthe wavegui de
surface. (This is in analogy to a nulti-node optical
wo 2dwenoi3ss whi ch rays can propagate axially or BET/US100010322
reflection at the interface between the fiber core and
the cladding.) To control the node of propagation
t hrough the waveguide, it is only necessary to control
light_ra knci n h ;
parafdfn (O hatlaph SIS 5t ohal PPERSRBeA rg g} Propagate
axiadftyl, calndaxts8yaM tHatprepagad e aargéi:yangmésramought the LCD may
ass at larger_angles through the LCD na
be  refilected. TheTlpt eSS h%@%ﬂ%m@l@ﬁ@sma}a‘% diodgr of the
wave‘é%\i%lgau'@@ e bgé%tqaiél\yel y1ihhih fed e@ybYac?cgfg%gﬂgthe back
the back light. In this way, the field of view of
lightpada #ﬁt}swayxpah@eﬁl@ldc@ﬁwa@w@f ey imMagshway thee expanded
[ rt, method of delivering an i mage t hrough an
o C%%ggﬁggs? ‘ens to the eye. The light is generated by
O qar DDdowisghtheenpklibpg aditodesthods ed ide."alverlng an image
backl i ght enclosure 30 adjacent to an LCD 20. Fig
throyghnar R¥egRPEF parA bP Fi%% tYght Ta® %H%%g’rﬁtﬂ‘?élq%ﬁed by one

or mreésiid htPf&d?@Q@{r@ d0odde BYEs4A0E nSROMALKEAghe! BrRlosure 30
virtual™ i mage 50 he backlight forns a broad™area

adj ad:efnftumd astoEpCBeZth Ehgi nlf ah@wanth@ dx It pf—mh o?ﬂ y:hen light 40
ut also in a

ehroldh, BHE| 1L TR % b pBUSSed e LATIRD IS shoum) to

formt Be vawthiage magbhsol eDEe aBathEYgipt OPSER €a tirddte L) diffused
Fig. 2 shows an exanpl e of such propagation, in which

Sourlqegmh%@eéatctt B ioih T9% APl idhdie Feed direction,
but tatlré&u h taheral-r%% o 1Y eladuee d@%i%ﬁdﬂ%&t@.@f%@les are

fromt The angles cause t pat
capaﬂocleb@ﬁ r&nn:hémng)rthdwesmafm:eoﬁltm lens &6 shegs pn:@pagate to

o A eckil T gl sod hashig" couaes, Soyhidul oot wnson
1ighti Q‘ély@f ekhe uﬁerbaé\nw@ﬁ@sw&am@h@ dsgpos pd € ofough the LCD
20 ég'sekggi %ﬁg {gﬁ;b§85 and reflect from the mirror 11. The
angles cause the light path 60 to be incident on the surface 61 of
lens 10 so as to reflect by TIR. This reflection causes a virtual
image 70 which is displaced from the center of the field of view
of the user.

An opposite mode is possible for rays that exit the back
light with an angle in the opposite direction, as shown in Fig. 3.
In such a case the light path 65 reflects by TIR from the inside
front surface 62 of the lens 10 and results in a virtual image 71
that is displaced to the left of the center of the user’s vision.

The case in which 1light is radiated by the back 1light
diffusely, both along the central axis and in a range of angles,
causes a plurality of virtual images, as shown in Fig. 4. If these
images contain the same information content, then they are

confusing and not useful. In such a case, it is preferred to

eliminate the left image 71 and right image 70. However, i1f each
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light wwth an angle in the opposite direction, as
shown in Fig. 3 . In such a case the light path 65
w0 edobaex3ss by TIR fromthe inside front surfaceP@RUSL006/010322
the lens 10 and results in a virtual image 71 that is
di spl aced to the left of the center of the user's
vision. The case in which light is radiated by the

k. .light diffusel) of h t he | .axd

of PRELChEAl il el LBl ECFEOLEE! Bibindlion, then

the | tiegrss, imsgebowan od-i gerded tbd thwmse dmmgisrgentwarnual image
the sane information content, en, they are confusi

th |
havigidd enSemgseduiden shek éSCEEE?eiFim%sp?%ﬁéw¢@EFtQFIE%e single

imagd.inmnate the left image 71 and right imge 70.
However, if eachof the three virtual inmages contain
diffifder eht Jilnfustintiesn, hoterrhichelefit e@ridmyeghtaringges can be

rendlBelH * RobRRTbRRTon S Pt (D' TRBRG 9 BpPpa condensing

illwiinglted.mage Fidhi 66 wei bhowt thdesthewobbrllight 48d in Fig. 1)
ri ght i mages can be renoved by nodification of the

has hagn 1TgHedsst 9 it LbhddEhPatildaiarsrstah qquprising: an

LED & Shovwbhaind bagkti gbb, (3Ra B.nFia%er%ukeh@%l_b.e%e aperture
repl aced by a coflimted backlight system conpri sing:

woulgh HyED 3 1yva kontietizedhgwl gnsa 100f faser ahoafermupe 1ight source
The aperture uld typicall e fitted with,a diffuser

o ESEETHAL! Tt Hulleb e obte v  BRE, AbRBrlrToapt"To praced

at apRIrdtire Hheonapsld Wehddhking Qleaged ot, ayisdaadnge close to or
fromthe condensing lens 100, typically close to_or )
equadquBP ot hEPFdtalleraRit Plof tide Le@®s. YeWEon' & f-8RS edquation

show@duahhon cshavs.tdated hibg of €So AN thga%g}?ﬁf@ at infinity,
aperture at infinity, nmeaning that the rays fromthe
meardmgr tthed &he celki fmpmdihdhapergree afe codllimatieh The degree

depends .on the width d t he erfure. OMng to the .
of SN SFadhdt e Rbe 45a20e'd Tf ety BebiriRe Owing o
the idadild@adfichhe rhees thyt ThR124 eha €aOVEE] ettt d N york the inside of
central virtual inmage is created. The display view ng _
the &lﬁqsc§ylj_]z'}rl?(iaﬁ:q HeEEMssHigmshonly the central virtual image is

created. The display viewing optics 110 (in the embodiment
illustrated, a light pipe 112 with reflecting surface 114, beam
splitter 116, and reflecting surface 118) then re-image the
aperture at the exit pupil of the system. Thus this invention
provides a method of removing parasitic virtual images in a multi-
mode waveguide lens.

Fig. 6 shows the result of moving the aperture 101 off
center. In such a case, the rays are collimated, but they
propagate at an angle to the axis of the system. This means by
positioning the aperture correctly, rays can be selected to
propagate in a mode that uses a selected number of TIR bounces to
reach the eye of the user, so as to illuminate one virtual image
corresponding to the mode.

A gsystem can be constructed in which any number of TIR modes

can be selected. In Fig. 7 we illustrate the case in which the
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illustrated, a light pipe 112 with reflecting surface
114, beamsplitter 116, and reflecting surface 118)

W0 h@a/102368 nage the aperture at the exit pupil PET/URS06/010322
system Thus this invention provides a nethod of
renoving parasitic virtual images in a nultinode
wavegui de lens. Fig. 6 shows the result of noving the

r e . . tefy | ,
contBBT I o SR RE Fen T Pl CdEE PR WLE Zofe, vhvee
LEDsoR0tlhe 2625t 208 dhescorbhisedywpdsi thioss rppditaumgEerdairthat three

., _.gorrectly, rays can be_se] ect to propagate jn a nhode
a1t s, TR cCrBRC R nBERRof O RS ( BiFaaeh lens 220.
The ldRitere abdehe oS @ropaQatest th:bhim RALE cRY1Wiskt UBhs or face

i mage correspondi ng to the node. system can be

maske ob@t IFERES | Fhahicemtaiay nudbeiabf impRenpdBie caaybebundle 204
d ig. ' ' ich . .
e REeck gkl e, ol Ene LY g L s RE b i, 2

to Dase, at hrieeuaBDsifde 202,tIRO3ragket cAmo nbd Wigh tdHr.eeThe ray
pertures that three_distinct nodes are create )
bund\?bﬁer?q LT EYRC A SO &digh * @ 2B HRES cBAt r e(rjpcﬁfés (62 in
Fig.28) MOrRea asd Mopghviha.eyeshass (ensiar vl 963?@8‘%&; total
e

. to create the central virtual inmage. The ray bund ,
interpalr gafdecsipp PR fohdshEhasiriai sl fRaldh oot Rhat the exit

pup illgn S o@ 6 16111%] n F@%e.g Z)j)rr{a%effch) re %};&%Et u a{[ £ {23@95 qlf'hej%: g LEDS are

right (7 ndl e ref
simufltamebhslinsi tielsuihaced pf tilerdens inEyydan Fiwgtlh3 ) dgmivalent
ormthe left virtual inma

. f ge i?l I n Fi,g. 3 ) . .The
InLorBpLfoPnPEPRERtr BFPeCEPBRCH 4B FBFASIEAE Bt Vi&K pat khe user.

The SeAhaind heigutt iRHBLLS WAf 1t NS t BEER LARARS AY¥EELAR (left to
If the three"LEDS are sinultaneously illum nated,

righthr eHowauges WEtbhegquilalare $edusnisid by cditvenimages, and the
o SERSEphT 088 L DOl SR o M Beritny
the riEmMt J1luhibnevbsn, | theheiddiDswhl B seguetited | Ylistinct images.
Suchi lI_llcl']IDnsi ng]t:eedknga’d afshefield sequential LCDs and are sold by a
number of companies, such as Kopin Corporation, which sells a
field sequential Cyberdisplay.

In the preferred embodiment of the invention, the optical
system is designed so that exit pupil of the several modes
overlaps, so that all the images are visible from a single eye
position. Other configuration are possible wherein eye motion is
required to view different modes. Optical design techniques my
also be used to define the position and size of the light source
to eliminate mode-mixing whereby the image of one mode receives
stray light while another mode is illuminated. This would result
in ghost images and/or loss of contrast. The optical design may be
performed by any method known in the art, including first order

optical design and manual or computerized ray tracing, for example

using commercial optical software such as ZEMAX, CODE V, or OSLO.
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LCD 210 is provided with three different inmages

synchronously with the LED illum nation, the user wll
wa@e@oti3ee di stinct i mages. Such LCDs are knowPewUS1006/010322

sequential LCDs and are sold by a nunber of conpanies,

such as Kopin Corporation, which sells a field

sequential Cyberdisplay. In the preferred enbodi nent

tha:ghe 4 ”¥ﬁ8€v£~°% Ja{lﬁ 99&&&% SYstemis. ﬁ?&é 988913&1 utilizing

exi t e severa nodes  over T aps,
TIR aréf:lrelte;:rdmgesrlau‘@ vespataté r dightsSiseglreesy8qigsi #0DN. and 803

her onfl uration are_possihle wherein tionis
can %qu?']rl %IP% i'erP‘flf gdnfo %@al%‘e faY 810 when

the beghak eﬁalmfr 2h80-hec 1880 § ool nerﬂé‘%.ﬂ%ﬂx‘aﬁﬂc@ﬁ%hows the
size o I ght source to elimnate node -m xi ng

illuppapsbynt et | khge qﬁntme nedéonesd vebestdigpliaiyghtbut similar

ciles1yﬂI l%&”@éhgggﬂgg 1.J[l!rém&q Contr-le_g ?nw%%dtljigsahgplay The

S and 0Ss o

sourdesi ghghay e mﬂﬂam@médbybganytmt lethdenewm |nehbe 815. After
art, including first order opti.cal design and nanua

Passgna, FHRAUSH ZE 1 &J5R AR et i SRikamASE R HFoueh the field

lensC @@6‘3 %.ﬁ'dalth‘épta'ﬁa bagolsbwar® ehelkratnéENAYht eV8300! The air
Fig. 8 shows™a"ray trace of a multi-nodé esrg

gap utS| Inezzrerfp@aTVRtpefarlé@m éog. TIRr es $hpdr drdelnfgie for the modes
sources._ 80 2, -and 803 be ind endentl pul s

ey ST Mt o HECH St 25 SHc Fhele (T LByl g 20 acuce

anglienf QbﬁﬁypﬁzﬁaI]&ySthé\ﬂsuﬂ'fwce | g2 toiad Qe Srhmlﬁ J:tehﬂect:r.ve by the
i.Ilum nation of the center %lon of the djsplay, but

apPldCatiar ki §n Jé%r%l?f’etla‘b%l F@é £89t heCFIRT g e@rfona%f external

mirrbke %ﬁ%}?yangh%tﬁ%w eRUHA ik SinfOLhi TR Y. 1H8 rays then
condenser 815. After passing through the display,

propegatei ditrquads éshe hi balgh PhBef rU§Iltm91 ghisf BaErEndoyieers of TIR

enter_the |i e, 83 The ai.r ga
rer1fet B8 SR FShl o Tor TR BTt Tl REatE s Ble off of
surftbe wBBges/htikat muequuoeemaae Feel@cltaber gfimgecbiroRcalsulrface 828.
mrror is at an acute an so typically the surface

Upongegified SéenadghEePipet %@@ 59‘gpﬁepasses a second air gap 850
which allows for TIR reflections at the surface, through the eye

lens 855.

The system design must allow for the eye’s pupil 860 to be
placed at a reasonable eye relief from the last mechanical part.
The eye relief must be at least several millimeters and 1is
preferably at least 10mm and even more preferably between 12 and
35mm. For a head mounted display it is preferable that all the
modes be visible from the same pupil position, so that the user
does not have to physically move the display relative to his/her
head. As the eye can scan, however, this motion may be used to
access different portions of the image of some of the modes.

The number of reflections characterize the mode. In the
system shown, the center mode 840 has 7 reflections, of which 5
are TIR reflections off the parallel surfaces of the pipe. The

left mode 841 has 9 reflections, of which 7 are TIR. The right
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application of a reflective coating, cenenting of an

external mrror, or by any other nethod known in the
W@ea06/1T4368 r ays t hen propagate through the |i ghPCPUpRE06/010322

using different nunbers of TIR reflections. The | ast

reflection is again at an acute angle off of surface

835 which nust be nmade reflective simlar to surface

mode3 2842 URQa %X'Eé difidd OMbe PLRRCRNG 1] #5582 8ain source
@%ﬁ %1 ? For%%l re??

second air ections a

locatthensur fnage, J.Ihlnrﬁ):l,ltgilté h@lecﬁé.sl efsr8Shiordhalsyst eAe mode (for
u il 860 to be placed

desi st_allow for. the e
exa“z&el €a &bPéxa}eOFeFF%f X%Tn %9?£?dw%ni}faea|ﬂght pixel

of PREt cerirtr@c eweqakesl i efo mugbibe @ﬁlé eagheSeysiAle size must be
mllimeters and is preferably at |east 10nm and even

Con%ﬁén@def%? abhgt bapnee @l XhthdradgemirPor sa $euxke for a given

s LS YD Sl AP SR A Ao AR By o

modedoes not have to phyS|caIIy nove the display relative

to hIS/h r head. the eye can scan, however, this
rhgg/e b%e%eﬁh% B cBESPEYf FEFAGR Pér B dfdisofon Hecemask,

the 'ﬁw.ecl‘gnss% of a@cﬁ%g’.@%@? £hEN& 4 h:@f Wﬁfegt chﬁgfe%{bgmdlng to

Characteri ze the node€. In the systems , e
the nyeeiong hm@désreﬁaectbenscontruhl@@ 5Bye dh6681ng the lens

ctions off | el surfaces, of the
enid Bt abER AR rnab 8P ot Pt wREodl “hiiage " Ting made ko
overlb®,r ighidindei Bddubasverlepl ectd ansy BE wadeh e a space
TIR Certain source |locations may illum nate pixels

betwegn Hhem « WP oHEAGRIEOR f Blie ek@RpFan: ke |smandedel smtracted,
or dtlté%o)&‘tgzlat d1MRES-0Mde 139 ttoh%dalu%tﬁt tﬁ’fexegr%?g”{g;h%e%te?f virtual

. To avoid this, "the sodrce size
1ma9@@n9ﬂmaﬂhe@r@othhatsnpneposeﬂhespayssft@npaoéooecenéomeamless

vt RGOSl CHARCY! LL VBl L IR0% ) e Bed 008100 oo b usea
to ipicepesededegividicha dreheort Qe Mferposed image, the limiting
factor being the speed at which the LCD can be refreshed. For
superimposing three images, the LCD should be capable of flashing
images at 180 frames per second in order that the user does not
see flicker in the image.

Although the above description is of a monocular system, two
such systems can be joined to create a binocular or stereo
display.

The invention is not to be limited by what has been
particularly shown and described, except as indicated by the

appended claims.
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the positions and spacings of the virtual inmages

corresponding to the various nodes can be controll ed.
w®goochaxsss ng t he | ens thickness appropri atel y, P€H©S2006/010322

virtual inmages can be nade to overlap, touch w thout

overlap, or may be made to have a space between them

The i mages on the LCD can be expanded, contracted, or

di storted electronically tﬁﬁ§9@%8t t he spaci ng between

virtual imges which are t per posed, so as to

whatPrigduqeigee seam ess virtual inmge. Any nunber of
optical propagation nodes can be used to increase the

wi dth of the final superposed image, the linmting

f i.ng D i L ' L o
L r2§%g%ﬁ%%%ﬁFg&ggﬁge?ﬁ%p%s?%gatﬁ?%@g?ﬁg%%gﬁihgnﬁfTﬁﬁﬁslng'
shkoul thlve papablcempiritliaghiangsdnayespiatcdBOellemant pering two

cand i n_order at the user, does not .see flicker i
para el nauhreie s o toe Lo pofedtrAE | kb shebd mounted
disgRROGY A reyst @AhtWeoSHCHsEY 8 e8pe £an be joined to

create a binocular or stereo display. The invention is
NGD t oLMRIS | NFREECDy WPEPThRENBeeh pdifPéaVar ByeERBHN and an

; ri XQEH% .indic Q_%ﬁﬂg h
11111211%51%3%&&%%%%& | I?L%élln%\a& i%g]'%%a?i.t&hA% fgpfil ca Sources, the
imagey soemceodiapbead boudiedcti $pylay wongriise ngigla: |pighd;

pi pe C rising a solid optical elene havi ng. t wo

D POt L 1A0e YRR | POHISH pElRoch BT o pgdgnent  and
the N@IYRM, de$8hENt | OcBinbeebihgdh!l ddhdRiiSiely SL&YE; e®8ment and a

i mage source conprising a drsplay el ement and an . ‘
plundliigni naf i epcsterest sfsiprpgpaglatedumdlthy ya ofreppghREive light
sourdd’d ’l#égﬁﬁéngﬁa8Pu£8§fd£ﬁ80§8gaﬁol@hﬁ?&t&f‘gﬁe condensing

into elig pipe; a collimating Syste etween the
lend |dlemenmat;i andel enent and

at least one aperture and an associated 1light source are

located with respect to the central axis of the condensing lens
element and the display element, so that modes from the
illumination element enter the 1light pipe and are transmitted
along the light pipe by total internal reflection off the two

parallel surfaces.

2. The optical system of claim 1, wherein a plurality of modes
are transmitted to the light pipe, and at least a portion of the
modes are transmitted by total internal reflection off the two

parallel surfaces of the light pipe.

3. The optical system of claim 2, wherein all of the modes are
transmitted by at least one total internal reflection off the two

parallel surfaces of the light pipe.

4. The optical system of claim 1, wherein the light sources are

illuminated in sequence, and the display element is updated in a
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the display el enent, conprising a condensing |ens

el ement and a plurality of apertures each associ ated
waowdoke/1ee3sespecti ve | i ght source and | ocat ed atPOF/UR®A6/010322

the focal length of the condensing | ens el enent; and

at | east one aperture and an associ ated |ight source

are |ocated with respect to the central axis of the

aondensi ng_l ens, el enent -an he_di spl ay el SQ. .
sy B E B BTE P 081 Rt S ef Bty St qg For cacn o
the hioglds .pi pe and are transmtted along the |ight pipe by
total internal reflection off the two paralle
surfaces. 2 . The optical systemof claim1l , wherein
5. a7 gbtidaPf sggg@ﬁ Y& 1AMt hd i ithechd ORtirtual images
pi pe, and at |east a portion of the nodes are
for tthmsdiffedeny nodes mmeeriddlunvigiltect iion af feghencaotoo rapid
paral |l el, surfaces of the.light_pipe..3.. The. optical .
for RS ofScTaTre D | CHRETBI%: &l Vo6t othe  fBd8s PaVERT & field of
view rapdstt tt@thrbya atvil@asil onfayet rdatedy Nl rigflgta®ion of a
. off the two parallel surfaces of the |light pipe. 4 .
singfge 1dghitc SPUSESt BAPBE-claim 1 , wherein the |ight
sources are illumnated in sequence, and the display
el enent is updated in asynchronous nmanner to provide a
6. diBte nptidal uatstiemget folaach, ovheheinndbsee Bodefhere used

optic systemof claiml , whereint virtual i es. . .
ana PBhe ReRls 1ERT Rbdesriet R nal DAL S abnaeividual
fredue@diari hdtifech USEN ah@ 4R) e€imesl gall NENE rdnd@l wherein the
I mage having a field of view wder than a virtua

displaygelemented shypynahyeneasilyn refresiedgpé Hegmessod8Pe and 240
ongh€ optical systemof claiml , wherein

es are used and the three nodes are

sequentially illum nated at individual frequencies

bahieen, 00,290 B0 LLNes, P 3850 and, u0et el il Lupils of

' |
t e
imed PO oo

7.
several modes overlap, whereby all images are visible from a

single eye position.

8. The optical system of c¢laim 1, wherein exit pupils of
several modes do not overlap, whereby eye motion relative to the

optical system is required to view different modes.

9. The optical system of claim 1, wherein at least one aperture
and associated light source are located along the central axis of

the condensing lens element and the display element.
10. The optical system of claim 1, wherein at least one aperture

and associated light source are located off the central axis of

the condensing lens element and the display element.

-10-
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di splay elenent is synchronously refreshed at between

180 and 240 tinmes per second. 7 . The optical system
wo@boochea3ns 1 , wherein exit pupils of several nPAEES2006/010322

over| ap, whereby all images are visible froma single

eye position. 8 . The optical systemof claim1l

wherein exit pupils of several nodes do not overl ap,

13, VHBLEDY EYE DL QR feledt 1Y t0 1o QRLEY SURLEAS o fiels

requir f erent” nodes!

lenssysleammh‘. tbaididect wheglkt n fanl edisé¢ dhiepaper talleneand into an
associ at ht source are, |l ocated al ong the central

entrafce §hr ﬁSecgﬁdE]P@l hyIrerRiR? enent and the di spl ay

el enent. 10. The optical systemof claiml , wherein
at | east one aperture and associated |ight source are
12. | Gbegt ceboidal heyebanr &If ssdasimof Lihe f@mt@@rxsm@nmemmg an air

gap g):g%gz?%h @%Q Egglghigl’lgyefélﬁ&@tar}&f?l’-l%h ge Otg:alt SYFSHD of the

er conprisin e enseems
lighto pﬁip’ee,ctwhea:gét[nf then t_;b@ @l]ﬂ;ﬁim&y b nint8tfaBnreflection at

entrance surface of  the 12. The aqpti cal
1°°a§3}§f1§m%8FW8FH| ﬁhﬁfl%?t% %ﬁ%?ﬁ’%t'r RpchFhe (Light pipe.
between the field | ens el emrent and the entrance

surface of the |ight pipe, wherein the gap all ows
13. t@'lhsl 'pm:éri‘ﬁél seftent iQ:ﬁn atlalinbaﬂi,onwhbeemBentlnme light pipe

I, ns, nty a ht 13. The opti.cal
complry BE G St HRRCES TRy (Hb PRGRCGT pEUEGRRR) Sggacent one
end,amrgl angat &ﬂlﬂaﬁf@n&dj @cﬁé:@ﬁ’lté_ﬁcﬂ’@l@eﬁ ugfiareaadje¥aert i88e surface

end, and exit surface adjacent another end, a
neary tfice IFGSEr FHEE3REatOt RETEREr EREETINAT ddghto ravFeadong the

elon%@.i:@fi' R4 ehight b%%%%eﬁl QHQ tta/‘fé ?a%gﬁteqd SRRk & reflecting

etween the two parall sur a reflecting
surfagef axamebhet I@Q{l@xmu:tsﬁﬂdeacem dlidiecgct 1iglght ramygs cout of the

f_th h f 14. Th
vignf plifg toflhal BFe PR St it her "compr i si ng an eye

14. The optical system of claim 1, further comprising an eye
lens element to direct light from an exit surface of the light

pipe to the user’s eye.

15. The optical system of claim 14, further comprising an air
gap between the eye lens and the exit surface of the light pipe,
wherein the gap allows total internal reflection at locations

between the eye lens element and the light pipe.

16. An optical system for a head mounted display comprising:

a light pipe comprising a solid optical element having two
parallel surfaces, the light pipe mountable to a head mounted
display to direct light to a user’s eye;

an image source comprising a display element and an
illumination element comprising at least one light source, the

image source disposed to direct light into the light pipe; and

-11-
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lens elenment to direct light froman exit surface of

the light pipe to the user's eye. 15. The optica
wey®bam3es claim 14, further conprising an ai rPQEPS2006/010322

between the eye lens and the exit surface of the |ight

pi pe, wherein the gap allows total internal reflection

at Iocations bet ween the eye |l ens el enent and the

| 'ag h égsggﬁ' tv§é’e§‘f eg}lgo i l%.Jﬂn%.@l%.gi% nt %lgement and
di'sp ay conprl t pe conprising a

the chitspdaly &l]&m&nit ha:nm;g::tsmmgo&r ad:dnediemﬂrﬁgiCESnst éﬂaement and an

i ght ,pi pe unt ab head unted display t
aperfilec IOFPERE Th & FOSTLsISYEN AF | T SRng Lens element,
the %. Eugkngnd gheplaynel ssBRte af\ijr‘@l{éf 18P i0bng an axis of
enent conprising at |east one |light source, the

the |Ciﬁ§§j5@1'§dm9cel@1%p@%@deltl© gpr &det ingdes nfromhshei gAflumination
elemg;np,e tlaé}%dlccqghahdl%at ]b?g t%\é t].er‘gllt%:éf%a%.n ;rhflél:{:fg}ln%tflfo "he two
ement an amn rising

paraddedeaarﬁgcéenalehgnem ]a:t@hiarp:a_:&eratw q:ﬁe)xwttezdi &rom entering

g g% Ien th of the condensing |l ens el enent, the
the uPép nd the light source further |ocated al ong an

axis of the condensing |lens elenment so that nodes from

the illumnation elenent transmttabl e by total

- | Aber rePtietl esyssAMOfIL t Rdatdwo b@,r amheredmr felees illumination

elem%h@ngcérﬂf‘r léegfj;t p'ﬂ‘f‘r & pﬁ.?éﬁgt \Ircgm,} Zmrl:?’l ri ntget colllmatlng

pIpe %The o |ca yste
systwlmerlalcﬂutibe ial I:ﬁjmtflm:rl Capeattarmit mpthéeSuatﬁelft heght source
%ht so and the collimting systemincludes a

értalmEéf Ufd 35 ¥ma i fghEhe ot r®hdexhe of the

condEHétiﬂgr 12P8" WHE e &9§? §§| @fl.faméﬂ'é‘ cept rtﬁia@)%édég from the
the condensing | ens and di spl ay el enent, so that

1llupdnasienomieament | entant |td¥e el aghnt Lelmaar ante areghttransmltted
S d.akong the
aton, RRSTPLIAE, SRR EOrRe iy it PEpr B PRt o8 me b

parallel surfaces.

18. The optical system of claim 16, wherein the illumination
element comprises a plurality of light sources, and the
collimating system comprises a plurality of apertures, each
aperture associated with a light source, whereby a plurality of
modes are transmitted to the light pipe, and at least a portion of
the modes are transmitted by total internal reflection off the two

parallel surfaces of the light pipe.

19. The optical system of claim 18, wherein the 1light sources
are illuminated in sequence, and the display element is updated in
a synchronous manner to provide a distinct virtual image for each

of the modes.

20. The optical system of claim 18, wherein the virtual images

for the different modes are illuminated in a sequence too rapid

-12-
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18. The optical systemof claim16, wherein the
illumnation elenent conprises a plurality of |ight
waowesaesss and the col limating system conpri SesPEI/US2006/010322
plurality of apertures, each aperture associated with
a light source, whereby a plurality of nodes are
transmtted to the light pipe, and at | east a portion
t e re.tr itted_by. Lo n ; .
ror The) BB orfefine Prird) ol el fs dboBE Fryipe p, ficta of
viewpipieded 9 thilne aptiicaiuadysimegof ceeaitedl &y wiéleminbhéon of a
. gig t purces are illumnated in sequence, and the
S1N94s Fga ePEHERE #1°%Pdated in a synchronous manner to
provide a distinct virtual inmage for each of the
modes. 20. The optical system of claim18, wherein the
21l. yiTpeusPtigadesyssemt RE @ilpfer a8y whezsiar hireeumodgsedre used
i n 0 i df t . L Lreati.ng. . .
o BREHET RS SPE Sethebr st Sl e et Mivicuar
frequentiek ibegyectr ead edndly 8i0l | timamt pen @kcansi rgl® wherein the
4 iight source,alone. 21. The optical systemof claim
15P18Y GHERERR tRr S¥ APISECHFLY usedrgfletinett RPEWSRBJ480 and 240
timegl egegdeBhHal ly illum nated at individual frequencies
bet ween 60 and 80 tines per second and wherein the
di splay el enent is synchronously refreshed at between
1 an 4 [ co . 22.. Jhe tical system .
2. o?ﬂgl a?%gl_[%,dv\h ré:%ﬁ{ e%%t %g%}r%s 108f’ s‘év\?/lgrrgﬂnno JSt pupils of
sevepudr lmpiesherebyapl | winmgasy ane1vi bnddes f na@ avstigle from a
, e position, 23. The optical system of claim18,
Slngi%e?@?npgiFFl%%pils of several nodes do not overl ap,
wher eby eye notion relative to the optical systemis -
required to view di fferent nodes. 24. The optica
23. s¥beenepticthi myEgenf upfheslaonprlssi nyhareisl dexdns pupils of

seveg!%m%ego A Rt dddhtd romd.ng, digpl ay el ement, into. o the

optical system is required to view different modes.

and

24. The optical system of claim 18, further comprising a field
lens element to direct light from the display element into an

entrance surface of the light pipe.

25. The optical system of claim 24, further comprising an air
gap between the field lens element and the entrance surface of the
light pipe, wherein the gap allows total internal reflection at

locations between the field lens element and the light pipe.

26. The optical system of claim 16, wherein the light pipe
comprises an elongated element, an entrance surface adjacent one
end, and exit surface adjacent another end, a reflecting surface
near the entrance surface to direct entering light rays along the

elongated element between the two parallel surfaces, a reflecting

-13-
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entrance surface of the light pipe. 25. The optica

systemof claim24, further conprising an air gap
wheinsaeseg he field | ens el ement and t he entrank€r/us2006/010322

surface of the |light pipe, wherein the gap all ows

total internal reflection at |ocations between the

field lens elenent and the |ight pipe. 26. The optica

suriptR GO €hal MG uheELLd £Re d4. Gl PYPEEOTRLLSER of the
an el ongated elenent, an entrance surface”adj acent one
lighéngipendhewughs thtaeritndgactate anot her end, a
reflecting surface near the entrance surface to direct
entering |ight rays along the el ongated el enent
27. bameeegpthenl waybaeal lodl siufmces, FRHECIEOASHIALL an eye
near the exit surface to direct light rays out of the
lens jlRmenthetohddaghtt Haobski tE2Qm f abe exdT. SUnfasst i @@l the light
i 5eS Y5t 0 ai , further conprising an eye | ens
plpeeI %m%r;ﬂte Iug’g%i %g%g’él'i ght froman exit surface of the
l'ight pipe to the user's eye. 28. The optical system
of .claim27, further caonprjsjng an air gap between the .
28. o9 e‘?i%tja?ﬁiltﬁXSE?ﬁ'“t Lurd e of 7t h WHEHIRE FPRprising an air
gap\M@HWééhtﬂHé(Eﬁ%fﬂéﬂ&“ﬁﬂ@tgﬁe'QkfﬁnghrEQEEGSE'%ﬁeaﬁight pipe,
| ocati ons betvween the eye lens elenment and the |ight
whergiige the gap allows total internal reflection at locations

between the eye lens element and the light pipe.
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