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The present invention relates to a projector for projecting an inmage

pr oduced by a liquid crystal display. 5 Por t abl e equi pnent
that nust display infornmation to a user, such as |aptop conput er s,

have in the past advahtageously enpl oyed large liquid crystal display
(LCD) panels as the primary information display device. Large LCD panels

provi de signi ficant advantages over lother |arge displ ay devices in
terms of vol unme occupi ed per unit of display area and in terns of
power consunption to operate the displ ay 10 itself. Large LCD panel s,
however, require illum nation gy I&P{G’@'ﬂﬁ‘ require high
power consuming cold cathode |anps Iﬁaﬁ ong wth conplex |light guides to

provi de reasqpak Qn It has been suggested

H A

that significar ‘4_.3 HON.n be realized in a next

generation | aptop corrput er by replacing the large direct-view ng LCD panel
The present invention relates to a projector for projecting an image produced

by a liquid crystal display.

5 Portable equipment that must display information to a user, such as laptop
computers, have in the past advantageously employed large liquid crystal display
(LCD,) panels as the primary information display device. Large LCD panels provide
significant advantages over other large display devices in terms of volume occupied
per unit of display area and in terms of power consumption to operate the display

10 itself. Large LCD panels, however, require illumination and therefore typically
require high power consuming cold cathode lamps along with complex light guides to
provide reasonably uniform illumination.

It has been suggested that significant power and cost saving can be realized in
a mext generation laptop computer by replacing the large direct-viewing LCD panel

15 with a virtual image display. Through the use of optical elements, a virtual image
display projects a magnified virtual image of a small LCD panel directly into the
user's eye. Because of the inherent optical efficiency of a virtual image display of
this type, the entire image can be illuminated by a single light emitting diode
consuming 5 - 10 milliwatts of power versus the 1 - 2 watts of power consumed by

20 conventional large LCD backlighting apparatus. Moreover, because the virtual image
display employs relatively easily manufactured small LCD panels, significant cost
savings are realizable over the use of the technically challenging large direct-viewing
LCD panels. The small size of the virtual image display also allows for a highly

portable apparatus. Finally, because a virtual image display can only be seen by a



15 with a virtual inmage display. Through the use .of optical elenents, a

virtual i mge di splay projects a nmagnified virtual imge of a snall
LCD panel di reotgbyodemt 0 t he - user's eye. Because of the ipdTeUsti1090 .
optical efficiency of a virtual inmage display of this type, the
entire imge can be illumnated by a single light emtting diode

consuming 5 - 10 mlliwatts of power versus the 1 - 2 watts of power
consuned by 20 conventional |arge LCD backlighting apparatus. Moreover,

because the virtual inmage di splay enploys relatively easily
manuf act ured smal|l LCD panels, significan2 cost savings are realizable
over the use of the technically challenging | arge direct-view ng LCD

panels. The small size of the virtual imge display also allows for a
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can only be se _ ) _
2 si ngihen Ueaser Sworkingdin \ai publie blacepgich d¢ sRba¥irplag®. precl udes

eavesdroppi ng by ot hers when the user is working in a public place,

such as on an ai r Pnarpotentially significant dipasivpriagem thowever, 36 ghat fiecause the virtual

di sadvant ageimyg%mﬁi\égfay ci:a% E)n ?t beb%ge%ug)g rgnréepé/riséxg %?la time, a computer or other

5 apparatus equipped with such a display would not be capable of displaying
information to two or more persons needing to see the information simultaneously.
In such cases, a conventional direct-viewing display would be needed. Moreover,
some users may find it uncomfortable to wear or hold the virtual image display in
front of the eye. Accordingly, except where the benefits of power savings outweigh

10  the discomfort of holding or wearing a virtual display, visor such a user may prefer a
direct-viewing display even for individual use. Although a conventional laptop
docking station with a separate cathode ray tube (CRT) display or large panel LCD
could be utilized, such an approach would necessarily entail a complete duplicate
display device with commensurate added cost. '

15 What is needed is a docking station capable of converting an image produced
by a virtual image display into a real image without duplicating the LCD panels,

- drive electronics and other active components already incorporated into the virtual

image display.
SUMMARY OF THE INVENTION

20 According to the present invention an optical docking station comprises an
optical frame and a detachable virtual image display module. The display module
comprises a low power light source such as a light emitting diode, one or more beam
splitters, polarizers, a liquid crystal display panel and an imaging lens optically

coupled to produce an image (as used herein, optically coupled means disposed along



| mage di splay can only be seen by one person at a time, a conputer or other
5 apparatus equi pped with such a display would not be capabl e of
di spl ayi ng WOi0MER6AAat i on to two or nore persons needing to SREI/U§A/11090

i nformati on sinmultaneously. In such cases, a conventi onal
di rect-view ng display woul d be needed. Moreover, sone users may find
It unconfortable to wear or hold the virtual imge display in front of

the eye. Accordingly, except where the benefits of power savings outweigh
10 the disconfort of holding or wearing a_virtual display, visor such a

user may prefer a di rect-view ng di sp?ay even for individual use.
Al t hough a conventional | aptop docking station with a separate cathode
ray tube (CRT) display or |arge panel LCD could be utilized, such an

approach woul ' trad i el | ce
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formed then passes through an imaging lens to form a magnified virtual image of the

liquid crystal display panel. When the display module is attached to the projector
10  frame, however, a more powerful light source mounted to the optical frame provides
the primary illumination. A portion of the light from the light source passes through
an aperture in the display module through the beam splitter to illuminate the liquid
crystal display panel. The liquid crystal display panel, illuminated by the more
powerful light source, forms an image which passes through the imaging lens to form
15  a real image capable of being projected onto a screen. Depending on the aberration
tolerance of the application, a correction lens assembly may be substituted for or
interposed between the imaging lens and the screen.
BRIEF DESCRIPTION OF THE DRAWING
The present invention will be better understood from a reading of the
20 following detailed description, taken in conjunction with the accompanying drawing
figures in which like references designate like elements and, in which:
FIG. 1 is a schematic representation of a virtual image display module

incorporating features of the present invention;



3 an optical path without regard to whether the materials are

refractive i ndex matched). When the display nodule is detached from
the optical fmaenigése |ight emitting di ode provi des t heporaussiioso
illumnation. A portion of the light fromthe light emtting di ode
passes through the beamsplitters, as required, to illumnate the liquid
crystal 5 ' display panel, which selectively rotates the polarization axis
of the light passing t hrough the individual pixels of the |iquid
crystal display. The selectively rotated light forns an image as it
passes through a polarizer (analyzer). The i nage thus formed t hen

passes through an inmaging lens to forma magnified virtual i1image of the
liquid crystal display panel. Wen the display nodule is attached to the
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optical docking station incorporating features of the present invention;
FIG. 4 is a schematic representation of an off-axis illumination embodiment of
10 a virtual image display module for use with an optical docking station incorporating
features of the present invention; and
FIG. 5 is a schematic representation of a pivoting mirror embodiment of a
virtual image display module for use with an optical docking station incorporating
features of the present invention.
15 DETAILED DESCRIPTION
The drawing figures are intended to illustrate the general manner of
construction and are not to scale. In the description and in the claims the terms left,
right, front and back and the like are used for descriptive purposes. However, it is
understood that the embodiment of the invention described herein is capable of
20 operation in other orientations than is shown and the terms so used are only for the
purpose of describing relative positions and are interchangeable under appropriate
circumstances.

FIG. 1 schematically depicts a virtual image display module 10 suitable for

displaying, for example, visual information from image/information producing



20 followi ng detailed description, taken in conjunction with the

acconpanyi ng draw ng figures in which |ike references designate |ike
el enents and, iy ¥§issks "FIG 1 is a schematic represawesdsnnsof
a virtual image display nodul e i ncorporating features of the present

i nvention; 4

FIG 2A is a schematic representation of an optical docking station
i ncorporating features of the present invention in which the optical path

of the primary and secondary |ight sources are substantially

col l'i near; FIG 2B is a schem#tic representation of an optical
docking station 5 I ncorporating features of the present invention in

whi ch the optical path of the primary and secondary |ight sources are
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housing 12 having mounted therein a primary light source comprising a single white
light emitting diode (LED) 14, condenser lens 16, first linear polarizer 18, first beam
5  splitter 20, second beam splitter 22, reflective LCD panel 24, and second linear
polarizer 26. The display control electronics 40 of module 10 are preferably
connected to the image/information producing equipment via umbilical 30 which
provides both power and display instructions to the components of the display
module. Umbilical 30 preferably comprises a conventional multiple strand ribbon
10  cable.

Light emitted from LED 14 is condensed by condenser lens 16 and polarized
by first linear polarizer 18. A portion of the polarized light is reflected by first beam
splitter 20 into an absorbing plate 32. Absorbing plate 32 comprises a crossed
polarizer, black body, or other means for absorbing the polarized light refiected by

15  first beam splitter 20. The remainder of the polarized light passes through first beam
splitter 20 where a portion of the remainder is reflected toward LCD panel 24. LCD
panel 24 selectively rotates the polarization axis of the polarized light passing through
the individual pixels of panel 24 in conventional fashion and reflects the light back
through second beam splitter 22 to create an image as the selectively polarized light

20  passes through second polarizer 26. The image produced by the selectively polarized
light passes through imaging lens 34 to form a magnified virtual image "I11" of LCD
panel 24, which appears to the user to be located at the nearpoint of the eye (typically
about 250-1000 millimeters beyond the actual position of LCD panel 24 relative to
the user's eye 36). Module 10 further includes an auxiliary light input port or



10 a virtual inmage display nodule for use with an optical docking station
I ncorporating features of the present invention; and ‘

FIG 5 is a swueeoozed representation of a pivoting mrror enboBCHRSIYH0, -
virtual image display nodule for use with an optical docking station

I ncor porating features of the present invention. 15 DETAI LED

DESCRI PTI ON The drawi ng figures are intended to illustrate the
general manner of construction and are not to scale. In the
description and in the clains the ternms |eft, right, front and back

and the like are used for descriptive purposes. However, it is
under st ood that the enbodi nent of the invention described herein is capable
of 20 operation in other orientations than is shown and the terns so used
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di spl ayi ng, for exanple, visual information fromimge/information

pr oduci ng described more fully hereinafter. 5

With reference to FIG. 2A, an optical docking station 100 employing features

5 of the present invention comprises a light source 102 a back reflector 104, an

integrating lens assembly 106, an infrared/ultraviolet filter 108, and an auxiliary

linear polarizer 110 held by an optical frame 112. The light source 102, preferably a

metal halide lamp, generates light of an intensity substantially greater than that

generated by LED 14. Depending on the needed screen size, light source 102

10  produces a light output of 300 lumens or more. Light generated by light source 102

is integrated/collimated by integrating lens 106 directly or after reflection from back

reflector 104, then linearly polarized by auxiliary linear polarizer 110 to form a

substantially homogeneous linearly polarized column of light entering module 10

through auxiliary light input 38. Preferably an infrared/ultraviolet filter 108 is

15 disposed along the optical path to filter out the infrared and ultraviolet radiation

which may deteriorate the LCD panel 24 and other sensitive components such the

polarizers and any plastic optics. Polarized light entering module 10 through

auxiliary light input 38 is transmitted by first beam splitter 20 into absorbing plate 26,

where it is absorbed. The remainder of the light exiting auxiliary linear polarizer 110

20 is reflected by beam splitter 20 toward beam splitter 22, which reflects a portion

thereof toward LCD panel 24. LCD panel 24, in turn, selectively rotates the

polarization axis of the polarized light passing through the individual pixels of LCD

panel 24 in conventional fashion and reflects the light back through second beam

splitter 22 to create an image as the selectively polarized light passes through second



portabl e equi pnent such as a | aptop conputer (not shown). In accordance

wth principles of the present invention, virtual inage display nodule
10 conprises ayogos19269uUsi ng 12 havi ng nounted therein a pri mar pdrh@0bs11090
source conprising a single white light emtting diode (LED) 14,

condenser lens 16, first |inear polarizer 18, first beam 5 splitter 20,
second beam splitter 22, reflective LCD panel 24, and second |i near

pol ari zer 26. The display control electronics 40 of nodule 10 are
preferably connected to the image/information produci ng equi pnent via
unbi l'ical 30 which provi des both power and display instructions to the
conponents of the display nodul e. Unbilical 30 preferably conprises a
conventional multiple strand ribbon 10 cabl e. Light emtted

f LED 14 i d b d I 1 i zed by first

[ mear pol ar {BUAZES I0a b7 Lmass WOARGrd biofher epetvaly FRlerized Tt Bevenihugoah r
b |50 ' di l v ' I

compr i ses a crBsgiE e SMICKRR FHAHRLR S uihly 5 o LTS il 28 cibiBerdd on o
absor bi ng t hegcpshan0zed |ight reflected by 15 first beamsplitter 20. The
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create an inmage as the selectively polarized |ight “20 passes throug
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pane ative eye
10 furthqo i niiffuskesslan disposkd dn \thé iophi¢al ipaiito pffimigy any shading caused by the
presence of LED 14.

FIG. 3 depicts schematically an alternative embodiment of an optical docking
station 200 comprising a light source 202 a back reflector 204, an integrating lens
assembly 206, an infrared/ultraviolet filter 208, and an auxiliary linear polarizer 210

15 held by an optical frame 212. Light generated by light source 202 is
integrated/collimated by integrating lens 206 directly and/or after reflection from
back reflector 204. Light is then linearly polarized by auxiliary linear polarizer 210
to form a substantially homogeneous linearly polarized column of light entering
module 10 through auxiliary light input port 38. Preferably, an infrared/ultraviolet
20 filter 208 is disposed along the optical path to filter out the infrared and ultraviolet
radiation. As in the embodiment of FIG. 2, light entering module 10 through
auxiliary light input port 38 is polarized by auxiliary polarizer 210. A portion of the
light exiting auxiliary polarizer 210 is transmitted by first beam splitter 20 into

absorbing plate 32, where it is absorbed. The remainder of the light exiting auxiliary



6 aperture 38, which conprises a normally closed shutter, iris or
simlar |ight excluding nmeans that is selectably openable to admt
light fromanve@ewiszedy |ight source as descri bed nore fubCyus99s11090
herei nafter. Wth reference to FIG 2A, an optical docking
station 100 enploying features 5 of the present invention conprises a

| i ght source 102 a back reflector 104, an I ntegrating | ens assenbly
106, an infrared/ultraviolet filter 108, and an auxiliary | i near

pol ari zer 110 held by an optical franme 112. The |ight source 102,
preferably a metal halide | anp, genedates |light of an intensity
substantially greater than that generated by LED 14. Dependi ng on the
needed screen size, |ight source 102 10 produces a |ight output of 300

| umens or nor ' ; | o P :
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Preferably a'baﬁéifi@rir? %’oﬂ&ﬁgﬂz.{lo%aﬁhm{ 'ah& E‘i{eﬂéLc(Bsa tlileslight back through second beam

5 splitter 22 to create an image as the selectively polarized light passes through second

polarizer 26. The image produced by the selectively polarized light passes through
imaging lens 34 and through correction lens 218 to form a magnified real image "I3"
of LCD panel 24 projected on a screen 220. Correction lens 218 provides a variable
focus distance between imaging lens 34 and screen 220. In the embodiment of FIG.

10 3, screen 220 is may be a front projection or a rear-projection screen depending on
whether correction lens 220 also inverts the image.

As shown in FIG. 4, the principles of the present invention are equally
applicable to a virtual image display module utilizing off-axis illumination of the LCD
panel. Where off-axis illumination is used, second beam splitter 22 is omitted and

15 LCD panel 124 is mounted at an angle with respect to housing 12 such that the
portion of polarized light passing through first beam splitter 20 directly impinges
LCD panel 124 and is reflected into imaging lens 134, Imaging lens 134 is adapted
to compensate for any keystone distortion or other distortion that may be caused by
the angular orientation of LCD panel 124.

20 FIG. 5 shows an alternative embodiment in which first beam splitter 20 is
eliminated in favor of a moveable mirror 120. Moveable mirror 120 is pivotable
about an axis 121 between a first position 120A in which mirror 120 is substantially
parallel to the line of sight of light emitted from LED 14 toward second beam splitter

22. In first position 120A, moveable mirror 120 is substantially parallel to the line of



15 di sposed along the optical path to filter out the infrared and

ul traviolet radiation whi ch may deteriorate the LCD panel 24 and ot her
sensitive comwpeoae® such t he - polarizers and any pl asti c R§FVUS98/11090
Pol ari zed |ight entering nodule 10 through auxiliary light input 38 is
transmtted by first beamsplitter 20 into absorbing plate 26, wher e
It is absorbed. The remai nder of the light exiting auxiliary |linear

pol ari zer 110 20 is reflected by beamsplitter 20 toward beam splitter

22, which reflects a portion t hereof toward LCD panel 24. LCD panel
24, in turn, selectively rotates the 9 pol arization axis of the

pol ari zed |ight passing through the individual pixels of LCD panel 24

i n conventional fashion and reflects the |ight back through second beam

splitter 22 gy GhRduPorihel G Al Wiigifehd Yo wiRel ¥ 480 b PB98S

t hrough sec

pol ari zer 26Gmoveablel mirger ¢omplereBdoltyoft the opticaiCpat,eh it (haeshowiny thayPBe Ses
t hr ough imaging lens 34 to forma magnified real imge "I12" of LCD
panel 24 pr dlaseddn thmoptical path tg qpigimizg apy shadowing. Moveable mirror is pivotable

about axis 121 from first position 120A to second position 120B. When in position

5  120B, moveable mirror 120 blocks the optical path from LED 14 and simultaneously

provides a reflective surface having substantially greater reflectivity than beam

splitter 20 for directing illumination passing through auxiliary light aperture 38. A

sensor (not shown) such as a conventional mechanical, electronic, or optical sensor

senses whether virtual image display module 10 is positioned in optical docking

10  station 100 and moves moveable mirror 120 accordingly. Use of a moveable mirror

in place of first beam splitter 20 provides a more efficient optical path for the high
intensity light source in exchange for some added mechanical complexity.

Although certain preferred embodiments and methods have been disclosed

herein, it will be apparent from the foregoing disclosure to those skilled in the art that

15  variations and modifications of such embodiments and methods may be made without

departing from the spirit and scope of the invention. For example, where a color

display is desired, LCD panel 24 may be replaced with a conventional dichroic beam

splitter in combination with three complementary LCD panels or a conventional

single panel running in sequential color modes. Similarly, where the need for optical

20 efficiency outweighs cost, a polarizing beam splitter can be used in place of the

separate polarizers and beam splitiers. Accordingly, it is intended that the invention

shall be limited only to the extent required by the appended claims and the rules and

principles of applicable law.



As shown in FIG 2B, an alternative enbodi nent of nodule 11 has an 5.
auxiliary light input 39 located substantially behind primry LED 14. | n

t he entvadiorered of FI G 2B, light entering through auxi| PETASPYHAL
input 39 is transmtted t hrough condenser lens 16, first |inear

pol ari zer 18 to second beamsplitter 22. A portion of light reflected
into LCD panel 24 is selectively rotated by LCD panel 24 to form an

i mage as descri bed above. Preferably, a diffuser, such as hol ographic 10
diffuser 41 is disposed in the optical path to mnimze any shadi ng caused
by the presence of LED 14, 10 FIG 3 depicts schematically
an alternative enbodi nent of an optical docking station 200
conprising a light source 202 a back reflector 204, an integrating |ens
assenbl y 20%@ T;gf(f!?écm_@wig,avi olet filter 208, and an auxiliary |inear
pol arizer 2 )y _an optical frane 212. Li ght generated by

| i ght sourcd.202 A peojector comrisgigat ed/ col | i mated by integrating |ens 206
directly and/or after reflection from back reflector 204. Light is
then linearly pol®ffiaf8d by auxiliary |inear polari zer 210 to forma
substantially ho '

nodul e 10 thr Oug?gﬁg?ﬁﬁ%@b@ﬂ@%ﬁ%&@g%& ﬁt(ggzlu‘f re é lg%l'{a(:ﬁgglg bdodlie

i nfrared/ ul tcbﬂgxg{-igjng'g 20 filter 208 is disposed along the optical path to

filter out the infrared and ultraviol et radiation. As in the

enbodi nent of FIG 2, alprgmrydtghésdmge modul e 10 t hrough auxiliary light
i nput port 38 is polarl ed b llla | ar i 210., A portion-of the
light exiting auxiliary b%l mfi(f’ﬂ%é‘gﬁ EﬁFé R Sa, pﬂlx)xp ]bgg’érﬁ(’gfﬂel tter
20 into absor bi ngyqoaf frsBeptichpsk; I ¢ 1S absorbed. The remainder of the

light exiting auxiliary
a liquid crystal display optically coupled to said first beam splitter; and

i ._  R i an imaging lens optically coupled to said liquid crystal display, said
”!l‘"cl "mL‘ "l"" Mlll " [!II imaging lens capable of projecting a virtual image of said liquid crystal

display into a viewer's eye when said detachable module is detached
from said frame and said liquid crystal display is illumipated by said

primary light source;
A secondary light source operatively attached to said frame, said secondary
light source being optically coupled to said first beam splitter only when said

- detachable module is operatively attached to said frame; and

A correction lens operatively attached to said frame, said correction lens being
optically coupled to said imaging lens only when said detachable module is
operatively attached to said frame, said correction lens being capable of receiving
light rays from said imaging lens and projecting a focusable real image of said liquid

crystal display onto a screen.

2. The projector of claim 1, wherein:
said secondary light source is optically coupled to said beam splitter along a
second optical path having a line of sight substantially coincident with said
first optical path.



8 pol arizer 40 is reflected by beamsplitter 20 toward beam
splitter 22, which reflects a portion thereof toward LCD panel 24.
LCD panel 24WOp0/1936%, sel ectively rotates the pol ar i zatPCAASAYI LI -
the pol arized |ight passing through the individual pixels of LCD

panel 24 in conventional fashion and reflects the |ight back through second
beam 5 splitter 22 to create an inmage as the selectively polarized Iight

passes through second pol ari zer 26. The i mage produced by the
selectively polarized |ight passes through i mging lens 34 and

t hrough correction lens 218 to forma naghified real image "13 " of
LCD panel 24 projected on a screen 220. Correction |lens 218 provides a

vari abl e focus di stance between imagi ng |l ens 34 and screen 220. In

t he enbodi nent of FIG 10 3, screen 220 is may be a front projection or a
rear-projection screen dependi ng on whet her correction | ens 220 al so
inverts the 3.mageThe projector ofclaimAh witeosin: in FIG 4, the principles of the
present invention are equall ble to a virtual |nage dlsplay
modul e utilizing ¥4 Sepondary) ah:source aswoatrcaf Insoupied to said beamesplitigh ajang 2

off-axis illum nagj e
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t he porti onfigat opﬁda@.gbtﬁed i ght passing through TiTst beamspH-tter 20
directly inpinges L panel 124 and is reflect _

134. Inmaging lens 134 is adapted t o conpensat emﬂ
distortion o ot@{l di StOI’tIOP h1 é‘ be caused by *
orientation L chsyBrpictor of claim 1, wher

said liquid crystal display is illuminated on-axis by means of a second beam

splitter disposed in said first optical path.

5. The projector of claim 1, wherein:
said liquid crystal display is illuminated off-axis by disposing said liquid
crystal display such that a normal to a front surface of said liquid crystal
display is at an angle relative to light incident on said liquid crystal display

travelling along a line of sight of said first optical path.

- 6. The projector of claim 1, whereinsaid detachable module further comprises:
A shutter disposed along an optical path between said secondary light

source and said first beam splitter.

7. The projector of claim 3, wherein said detachable module further comprises:
A shutter disposed along an optical path between said secondary light

source and said first beam splitter,

8. The projector of claim 7 wherein said detachable module further comprises:
A second beam splitter disposed along said second optical path between

said secondary light source and said first beam splitter and disposed along said



20 FIG 5 shows an alternative enbodi nent in which first beam

splitter 20 is elimnated in favor of a noveable mrror 120. Mveabl e
mrror 120 iwomongetsabl e about an axis 121 between a fir SxCTOIESPAIRH .
120A in which mrror 120 is substantially parallel to the |line of
sight of light emtted fromLED 14 toward second beam splitter 22. In

first position 120A, noveable mrror 120 is substantially parallel to the
l'i ne of
sight and out of the optical path formng inmage I1. Were it is not

feasible to nove moveabl e mirror d@npletely out of the optical path,
a diffuser (not shown) may be pl aced in the optical path to m nim ze
any shadow ng. Moveable mirror is pivotable about axis 121 fromfirst

position 120A to PR : | | 1.1:01: 55 veabl e
mrror 120 bl oc ktg?s?%g{}%é?) ?@a#ekg@gﬁ%%gg‘%@ﬁ ésdldn%H tgrr?fag%%r? m{é?
provides a refl egdid yecondHeamesphited Adhpteddiotdifect BEliyrags Grahesaid ptinfey light v
t han beam splitter 20 for directing illum nation passing through
auxiliary |ight squeea andesaBBsecondary lightesoutne t¢ said fisstdram splidér.as a
conventional nechanical, electronic, or optical sensor
9. The projector of claim 7, wherein said detachable module further comprises:
A moveable reflector disposed along said second optical path between
said secondary light source and said first beam splitter, said moveable
reflector adapted to direct light rays from said primary light source to said

first beam splitter.

10.  The projector of claim 1, further comprising:

An integrating lens optically coupled between said secondary light

R 0 AR T

source and said beam splitter.

11.  An image projector comprising:
A frame;
A detachable module releasably attached to said frame, said detachable
module comprising:
A primary light source;
A beam splitter optically coupled to said primary light source;
A liquid crystal display optically coupled to said beam splitter;
and
An imaging lens optically coupled to said liquid crystal display,
said imaging lens being capable of projecting a virtual image of said
liquid crystal display into a viewer's eye when said detachable module

is detached from said frame;



senses whet her virtual image display nodule 10 is positioned in optical
docking 10 station 100 and noves noveable mrror 120 accordingly. Use of a
noveabl e m rraw0o00/19269i n pl ace of “first beamsplitter 20 provi dEST/HSI911090

efficient optical path for the high intensity light source in
exchange for sone added nechani cal conplexity. Al t hough
certain preferred enbodi nents and net hods have been di scl osed her ein,
it will be apparent fromthe foregoing disclosure to those skilled in the
art that 15 variations and nodifications of such enbodi nents and net hods
may be made w t hout departing fromtHé spirit and scope of the

I nvention. For exanple, where a color display is desired, LCD panel 24
may be replaced with a conventional dichroic beam splitter in

conmbination with three go wt t] .
singl e panel running i n‘&sgegc%hent al?él%fo%og?céongggﬂgﬁv%? n?}agﬁ‘%wqgmgé]?r@?ﬁé m%d
for optical 20  edetomiapniightaotreei iehsy enichlly eollédio ﬁﬁd‘ﬁeﬁ?ﬁ@?ﬁt&?'dnl #her 2N
be .used in place of the separate pol arizers and beam splitters.
Accordingly, it isaidhdeacheble: madule e operatively cattached tostaid Ifratre, Isaidi seeahdany y

to th t ent i red by the. d | ai dth d
p?i nc?p?éseg f ;Sgﬂ%’gﬁﬂ%f’ M?/magpg %gta{aﬁgﬁt fux 3 grgart]er ﬁxa& sraig gfimaapy light source

10 such that when said liquid crystal display is illuminated by said secondary

light source, said imaging lens is capable of projecting a real image onto a

screen.

R, ) O O

Said secondary light source has an output of at least 300 lumens.

12.  The projector of claim 11, wherein:

13.  The projector of claim 11, wherein:
said liquid crystal display is illuminated on-axis by means of a second

beam splitter disposed in said first optical path.

14.  The projector of claim 11, wherein:
said liquid crystal display is illuminated off-axis by disposing said
liquid crystal display such that a normal to a front surface of said liquid crystal
display is at an angle relative to light incident on said liquid crystal display
travelling along a line of sight of said first optical path.

15.  The projector of claim 11, further comprising;
A rear projection screen optically coupled to said imaging lens for

converting an inverted real image into a non-inverted real image.

16. The projector of claim 11, further comprising:



VWHAT IS CLAI MED | S: 1. A projector conprising: A

frame; A det achabl e nodul e rel easably attached to said frane,
sai d det achalwe oortated e conpri si ng: PCT/YRIP/AEOY

| i ght source a first beamsplitter optically coupl ed
to said primary |ight source along a first optical

pat h; a liquid crystal display optically coupled to

said first beamsplitter; and an inaging |lens optically coupled to said
| i quid CI‘yS[ ar—di bprdy, said i mgi ng | ens capable of projecting a virtual

i mage g ystal 14 display into a viewer's

eye \AAE ] ﬂml l I e nodule is detached fromsaid
ane a-n csal I q;u crystal display is illum nated by said

p“ mary |ight source; corrf:ctlon'A‘le'%'s?CG}R‘:‘?‘&H@&])J Iagt5dned O & gxdom | fd Y

attached to said frane, said secondary ght 'source being optically

coupl ed to said first boreectionllenst hﬂnpmbyicaﬂyeco@hddto an outpud &if ssafth hagingpdul e
is operatively attached to said frame; and A correction | ens
operatively attached t¥nsgnly whempaid gstaghable moduleds opevasivelyi attgched to said

optically coupled to s i S %I
operatively attached t@h%ai ga%? Cg%eétﬁ@a}e cor\rlegcgpo ﬁﬁ%ﬂ %‘ Lﬁ%% cg)‘é{g‘ggﬁ%é“ of
receiving l'i ght sdi&ﬁﬁ%glﬁg)lew it al HORCInPEtddcifaga Fok Profdceieh ioiifb & front
focusable real image of said liquid crystal "display onto a screen.

projection screen.

17.  An optical docking station for use with a LCD virtual image projector having
an auxiliary light input, said optical docking station comprising:

A frame;

A source of light operatively mounted to said frame;

Means for releasably attaching said virtual image display to said frame;

A lens optically coupled to said light source for directing light from
said light source to the auxiliary light input of the LCD virtual image
projector; and
An image-forming lens for forming a projected real image from said light

passing through said LCD virtual image projector.



2. The projector of claim1, wherein: : sai d secondary |ight
source is optically coupled to said beamsplitter along a

second opti calweadvzbrvi ng a |ine of sight substantially coi ncipdarusso 10bo
sai d first optical path.

11 3. The projector of claim1, wherein: sai d secondary |ight
source is optically coupled to said beam spl ptter along a second
optical path having a line of sight at |east rti aI‘I‘,y di vergent fromsaid
first optical path. 4. The projector I m 1y wWher ei n:
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sai d quﬁid crystal display is illum nated on-axis by nmeans of a second

beam splitter disposed in said first optical path. 5. » The

proj ector of wo @meés, wherein: - said liquid crystal di Sdysy9a1090
illum nated of f-axis by disposing saidapgquid crystal display such
that a normal to a frgont surface of said liquid crystal display is
at an angle relative I crystal display
travelling along a |ife ght of st opticalf path. 6. The
projector of claim1,_ wher sai dAQe |l e fYyrther conprises:

A shutter disposed égong a ptiegal fpat h*bet Ween | dlJsecondary I|i ght
source and said first \geamfjl i =eer. ; he d%bjﬁctor of claim 3,
wherei n said detachabl e E‘fuﬁ%ggﬁzggEgE%%gs:" A shutter

di sposed al ong an opti cal h bet ondar yi{l i ght source
and said first beamsplitt 8. proj ector off claim7 wherein said
det achabl e nodul e further rises: A _Hecond beam spéftter

di sposed al ong said ggcond tical gat t ween sai d second?sé | i ght .
source and said firsQbeamfilitter |and dijsposed al onf} said

O
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12 first optical path between said primary |ight source and said
first beamsplitter, said second beamsplitter adapted to direct

i ght rays fwowossesl primary |ight source and sai d secRCEEs$H/11G9ght-
source to said first beamsplitter. 34 The projector of claim?7,
wherein said detachabl e nodul e further conprises: A noveabl e
refl ector disposed along said second optical path between said .
secondary light source and said first beamsplitter, said noveable
reflector adapted to direct light rays fromsaid primary |ight source to

sai d first beamsplitter. 10. The projector of claiml1, further
conpri si ng: An integrating lens opticd8y coupledgbegyeen
sai d secondary |ight source and saf beam spiTtter. (;‘ hane
pand | i :
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A frane; A det achabl e nodul e rel easably attached to sai d

frame, said detachabl e m)dul e conpri sing: A
primary |ight %g46/seee A beam splitter optircalyses/11090
coupled to said primary |ight source; A liquid crystal
di splay optically coupled to said beam qu itter; and
An imaging lens opticall yN:oup it | S| QY
said i magi ng | ens bei ng cgpa f projecty virtual ifmge of said
liquid crystal display into a \ wer' g€ d det affhabl e nodul e
I s detached from said frgarre o~
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A secondary |ight source operatively attached to saird frane, said
secondary |ight source being optically coupled to said beamsplitter only
when % sbr@sésachabl e nodule is operatively attached toPEEUSYHANe, -
sai d secondary | ight source haygygg a total light flux greater than
said primary |ight source such that when said liquid crystal
display is illum nated by said secondary | i ght source, said inmaging
| ens is capable of projecting a real imgef§ato a screen. 12.

The projector of claim1l, wherein: 10 se%ndary | i ght source has

an output of at |east 300 |unens. 13. ar gjéctor of claim 11,
wher ei n: said liquid crysialg, ay 1s illum nated on-axis
by neans of a second beam spl i f arsposed in said first optical
pat h. 14. The projector of claiml11, erEi n: said liquid
crystal display is illum nated off-axis By diSposing said liquid
crystal display such that a normal to a front \surface §f said liquid
crystal display is at an angle i ight incident on sg.ﬁ
liquid crystal display travefli aljon | ifjne of sight of sai
first optical path. ®©@15% T%he Bg]ol e albal mjr1l, further conpri sing:
\ \ \‘\‘ ( w
\ \_t —L— Lo 8 —
. ] | =
s £ ‘
e ] \
~_/ / \
{

L

!
Sd S
=] "’/

/ \
/ \
/ \

124




A rear projection screen optically coupled to said inmaging | ens for
converting an inverted real image into a non-inverted real inmage.- 16~
The proj ector i oifidkgm 11, further conpri sing: PCT/US99/11090
A correction | ens operatively attachedéﬂg said frane, said

correction |l ens being optically couple 0 an out put of said inmaging

| ens only when said detachable nodule is operatively attached to said
frame, said correction | ens adapted to invertf\an i nage received from
said imaging lens into a non-inverted i mag projg;tion onto a front
proj ection screen.




17.

havi ng an auxiliary |ight . (
P@asour ce of whirgNre0ReiuAL tRvERYy sReMAk AN 0 sai d GRS
rel easa

A frame; ! :
y attaching sai d WptiPretpge di splay to sald

Means for

An opti cal

I nput ,

docking station for use with a LCD.virtual i
sai d optical

_r@getg,ct or

docking station g )
4

frame;
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(57) Abstract

An optical docking station (110) comprises an optical frame (112) and a detachable virtual image display module (10). The display
module (10} comprises a low power light source such as a light emitting diode (14), one or more beam splitters (20, 22), polarizers (18,
26), L.CD panel (24), and an imaging lens (34). When the display module is detached from the optical frame, the light emitting diode (14}
provides the primary illumination for the image formed by the LCD panel (24). The image formed is a magnified virtual image of the LCD
panel (24). When the display module (10) is attached to the projector frame (112), a more powerful light source (102) provides the primary
illumination thus forming a real image of the LCD panel (24) which is capable of being projected on to a screen (120).




