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GENERATOR FOR USE I N | MAGE MANI FESTATI ON APPARATUS 5
Field of the Invention The present invention pertains to i mge
generators and nmore specifically to inhge ggsieraifLnheckdd NbZeRoklhgy
conjunction with optical magnifiers. 10 Backgr ound
of the Invention Wth the advent of the:communications era, one

of the 15 nmjor markets for opti calMyeRi FBERAIGr t abl e el ectronics
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optical source devices in this type of equi pnent are conpact, | ow
power, inexpensive and include 20 high quality optics with |arge angul ar
magni fication. To this end very small inage generators are utilized
whi ch’ I nclude a two-dinensional array of light emtting devices.

I n one enbagdi nent the two-di nensiggrald fr &%el $nireRAEER

The present invention pertains to image generators and
more specifically to image generators utilized in
conjunction with optical magnifiers.

10

Background of the Invention

With the advent of the communications era, one of the
15 major markets for optical devices is portable electronics
equipment, such as cellular telephones, pagers, two-way
radios, data banks, computers.and the like. Generally, it
is desirable that the optical source devices in this type of
equipment are compact, low power, inexpensive and include
20 high quality optics with large angular magnification. To
this end very small image generators are utilized which
include a two~dimensional array of light emitting devices.
In one embodiment the two-dimensional array is formed
on a semiconductor chip. For purposes of electrical
25 connection, the semiconductor chip is mounted on a
transparent substrate with the image being transmitted
through the substrate. Also, in many organic

electroluminescent diodes the diode is formed directly on a



op a semn conductor chi p. For purposes of electrical 25 connection, the

sem conductor chip is nmounted on a transparent substrate with the

i mage being transmtted t hrough the substrate. Al so, in nmany organic
el ectrol um nescent diodes the diode is for@ed directly on a

2 transparent substrate. In these structures optical

megni fiers ar ‘T‘thé&dép&% Q @rs%%%%%.a g e”°”t9r RS Lticar De easily
percei ved. Such prior ructures are di scl ose a copendl ng United
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States Pat ent "ﬁ%ffso'ar%”h't&ﬁ Ato réa&&é eq%' r For
. wa seri al er §%4g§

Use in | mage estation 057,

filed on Marche ea51l3&6 e}ee2vand aﬁﬁbﬂnﬁgléf’ §{ﬁ;<§ﬂﬁ"esa§§b93§§cl%é8h1n

pat ent appl |cat|on I S hereby 1 ncorporated herein by reference
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are spaced fromthe generated i mage by at | east the thickness of the

transpareng s gisiglat e‘olﬁhb@tlcal MagaLf her | e e |iinTImalgeOMangfesb&t ion

optical magnifiers. Prior Art
Apparatus”, with serial number 08/405,057, filed on March

16, 1995 and assigned to the same assignee, which patent
application is hereby incorporated herein by reference.
A problem with all of these structures is that the
10 optical magnifiers are spaced from the generated image by at
least the thickness of the transparent substrate. This

spacing imposes limitations on the optical magnifiers.

15 Prior Art

Several different attempts have been made to provide
optical systems for portable electronic devices, one of
which includes all refractive or reflective optics with a

20 single line of pixels and a vibrating mirror. The single
line of pixels is sequenced through the rows of a raster
and, simultaneously, the vibrating mirror scans the line of
pixels to properly position each subsequent row in its
proper orientation. The problem with this sysfem is the

25 high accuracy of timing required, the amount of power used
and the blurring of the ultimate image by the vibrations of

the mirror. Also, this system is extremely fragile and not



Several different attenpts have been nmade to provide optical systens
for portable el ectronic devices, one of whi ch includes all refractive
or reflective optics with a 20 single line of pixels and a vibrating
mrror. The single |l ine of pixels iis3sequenced through the rows of a
raster and, sinultaneously, the vibrating mrror scans the |line of

pi xels to properl DSI bsequent rowin its pr oper ,
orientation. Tﬁ%n%?gﬁ?% 4% héfbﬁgtégFi§°Pﬁ use nermally 159
timng requireg agfunt of omer used and the blurring of the
ultimate i mage Byé?ﬁ%a Bret the mrror. Also, this systemis

extrenely fragile ag? r%i? m that dis normal%g Psed at the present tf%e is
conveni ently adapta rough use norial 'y occurrin I nportabl e

equi prent . one us:u%‘% S]YaSE txtg@te s uRBEMBhiYetSkd & dNRd QugR tine

S one using a large |nage source and either a direct view 5 image

or low magm fi ehage o Pldw maghiFidRitabnPobeEEEEL W THe majort Hrobent QiDtLhS
that it greatly l1mts the size of the portabl e el ectroni cs on which

it is used. Bachis#lsystédeis that TROgreuslybeihbegetipdaigte fof tdie oper ator
to read and/or understand the information being displayed. Thus, for
10 exanpl e, ipootablentlkztttmrdicsploay whlcB. 5t by ddédshadsisfally, thaper (a
standard letter), the direct view display must be
image must be large enough for an operator to read and/or
understand the information being displayed. Thus, for
10 example, if one wanted to display an 8.5" by 11" sheet of
paper (a standard letter), the direct view display must be
8.5" by 11" to be easily read. Such a display is clearly
too large to be incorporated into most portable
communications devices, such as pagers, two-way radios,
15 cellular phones and the like.

It would be highly desirable to devise an image
generator constructed to have an optical magnifier mounted
adjacent thereto with the attributes of being compact and
inexpensive.

20 It is a purpose of the present invention to provide a
new and improved image generator.

It is another purpose of the preseht invention to
provide a new and improved image generator which
incorporates low pass spatial filtering to eliminate high

25 spatial frequency components of an image, present in pixel
edges.

It is another purpose of the present invention to

provide a new and improved image generator constructed to



85" by '11" to be easily read. Such a display is clearly too large to
be incorporated into nost portable communi cati ons devi ces, such as
pagers, two-way radios, 15 cellular phones and the |ike. I t
woul d be highly desirable to devise an image generator constructed to
have an opti cal nagnifier mount ed adjacent thereto with the attributes

of being conpact _a ne sive. lt. ]S & ose f the

pr esent invent?%ﬁf%gFtﬁ?ﬂﬁ?ﬂ?%ﬁ%%lon H&ﬁpaﬁdVFﬁ%r%Q%ﬁi ﬁﬁ%w

It is another p ﬂg t [ prOV|de a neM/and

i nproved i mage genera.%g (ﬁ?ﬁﬁ%y& oh@%?%gr§€%£9$ﬁﬁfbass spatial filtering

to eliminate high 25 ;5RatdAlerdi PUsREKeCBEPORES S Mn@ dVBG orPRESENt [ 1

pi xel edges. pur pose o resent I nventi on

to provi dﬁ:@v{w 2bw YOV fo%aelﬂsaereéﬂérmtédﬁ&%&d to

4 operate in conjunction wt a very sl conpact and

rel ativelysi neyperste/ i REdrCRIndEGA Wieh a compact add reélatifvéilher purpose
of the present invention to provi de a new and i nproved i mage gener at or
construct ed toinexXpereivd opticadnmagatfoerwshilh €Orpfic it bnveindientalyy

fit in portable electronic equipment.

Summary of the Invention
10
The above problems and others are substantially solved
and the above purposes and others are realized in an image
generator for image manifestation apparatus including a
supporting substrate with opposed first and second major
15 surfaces, the supporting substrate includes a bundle of
spatially coherent optical fibers extending from the first
major surface to the second major surface and defines a
mounting area on the first major surface. A two-dimensional
array of light emitting devices is affixed to the mounting
20 area of the supporting substrate so as to direct light from
the array of light emitting devices into the bundle of
optical fibers at the first major surfaee, the light being
directed to the second major surface of the supporting
substrate by the bundle of optical fibers.
25 In a specific embodiment, driver circuits are coupled
to the array of light emitting devices and include a data
input terminal. Each light emitting device of the array of

light emitting devices is individually addressable by the



inexpénSive optical magnifier small enough to conveniently fit in

portabl e el ectroni c equi pnent. Summary of the
I nvention 10 The above problens and others are substantially
sol ved and the above purposes and othess are realized in an i mage
generator for image manifestation apparatus including a supporting

substrate with opposed, first and second major 15 surfaces,, the supporting
substrate i ncl Bt¥es irHiEHso as t?p&??&FP§eCBhE$%%t1Qﬁﬁ?(ﬁﬂc%qqigﬂé°ne

ext endi ng from e.to the secon surface and

he f f
defines a e #‘?églaf'rté’a QJ‘[rﬁth‘r%r ;‘5 g%ssi%?o?u@?ﬁ*%%ean%qw%% &PBhal
array of Ilghtd &@é@&&e |q:e d?ft% (ﬁg {:o t{)ﬁen]pg#]e th ezqsar ea of the
rec

supporting subStrate SO0 as o Fom ay of Ilght
emtting devi 4 £die Al calr£iberSe alnd j or
surface, the CEE% &E% n%ie gﬁ reefglg mg%g %(I'g:o‘J’}ldgrrc?atlJS or su ce o g’Itahe
supportings uﬁéﬁ?ﬁﬁéﬂﬁblﬁhé'ﬁ%c@ﬂadhﬁjeg Qﬁifééé 5f*¥ﬁéssuﬁ§5rt1n In a
specific enbodlnent driver circuits are coupl ed to the array of | i ght
enmtting devi cmw&hw%w%@b@m@e of spaRUA11PrfodKEtentEaspt ldaght
emtting device of the array of light emtting devices is individually

addr essabl e byfilers.
In a further specific embodiment a plurality of optical

elements are provided having a light inlet positioned

10 adjacent the second surface of the supporting substrate and
a light outlet directed at an angle to the inlet, with a
reflecting surface optically positioned between the inlet
and the outlet so as to direct light from the inlet to the
outlet. The plurality of optical elements define a light

15 path from the light inlet to the light outlet with a total
average optical length in the range of approximately 20 to
35 millimeters. Further, the plurality of optical elements
are constructed to angularly magnify the real image at the
light inlet of the first optical element into a virtual

20 image greater than ten times larger than the real image.
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Referring to the drawings:
25 FIG. 1 is a view in top plan of image manifestation
apparatus employing a single fold optical magnifier;
FIG. 2 is a front view of the apparatus illustrated in

FIG. 1;



S5 ‘driver circuits so as to generate a real image including one

of a plurality of lines of alpha-nunerics and graphics from dat a
received at the data input. The real imge is transmtted fromthe
first major surface of the supporting 5 sdaibstrate to the second maj or
surface of the supporting substrate by the bundl e of spatially
coherent optical fibers. n a_further specific enbodinent a

N .
plurality of opticdiT6: 3 I8 &dHEY dPesprgvelierhiRRAnPrtiqt thareot
posi ti oned 10bad¢acent thenéf]e ond surface, of thte tgéj{)porti ng substrate and
a light outl et>TPTEL AP ST e Ho SEREMPRT 7 {PRParatus of | ecting
surface opticaiiyuﬁlsggécfr%%d%vqen the inlet and the outlet so as to
e inet to the’

direct light from outlet. The plurality of optical
elements define a Ilgght 4 43 p@a 5&9?&&Eebi68ﬁtdi Elm tk e iyt outl et
I In the ra

wth a total average optica engt ge of approximately 20

to 355m |ddidtr d38ddi@ted RetRl Hha!l dpparit@PldCalrce! anent s are
constructed to angularly nagnify the real inage at the light inlet of

the first optical @mEEF ista enleryedl vied inagspy Pral Sf Hrrarray biFMes
| arger than the real image. Brief Description of the

Dr awi ngs light enfitftdng rigviiceshepdrbiongsthertof broken @way,is a view
in top plan of imge manifestation
forming a portion of the image generator of FIG. 4;
FIG. 6 is a view in perspective illustrating a typical

10 view as seen by the operator of portable communications
equipment employing the image manifestation apparatus of
FIG. 1;

FIG. 7 is a 4x magnified view in side elevation of a
prior embodiment of the apparatus illustrated in FIG. 1;

15 FIG. 8 is a 4x magnified view in side elevation of an
embodiment of the apparatus illustrated in FIG. 1 in
accordance with the present invention;

FIG. 9 is a greatly enlarged sectional view of a
portion of the apparatus illustrated in FIG. 8; and

20 FIG. 10 is a view similar to FIG. 9 illustrating a

different embodiment in accordance with the present

invention.

25
FIGS. 1, 2 and 3 illustrate a top plan view, front
view, and side elevation of miniature image manifestation

apparatus 10. FIGS. 1, 2 and 3 illustrate miniature image



appiar.at us enploying a single fold optical magnifier; FIG 2is a

front view of the apparatus illustrated in FIG 1;

6 FIG 3 is aviewin side elevation, portions thereof

broken away and shown in section, of the apparatus illustrated in FIG
1; FI G 4|sa5|rrpI|f|edeockd|agramof an i mage 5

t t th th t f FIG
cnlar Ged vi ow AR LIRS L0 PPRACRE P L0y SPPEOR AL e e aﬁljualév?&éﬁl fo™
por L ons therepo,iov%rdoekg%&%mgxuicamn LT09 DU s L3 cRgE gener at o

of FIG 4, vPBwW T n perspective 1 typl ca

10 view as se atqr rta i#F% ui pnent
enpl oyi ng theq%la éetl%gr???ggt gtgl 8%£g%gara ¥ QOC%Eléﬁﬂ?es a thl FI G
7 is a 4x nmagryifread {\WnaW hﬁ}rﬁgdﬁs%ﬁvﬂ%ﬁ@ &hiteing deRfilces arRodi Heps i of
the apparatus illustrated in <§ s a 4x nagnlfled

view in sige ejpuitfien esbodiment gﬁisgﬁlmr&néafudése 1ampaﬁ@hu5emhtﬂ5ﬁgat ed
in FIG 1 in accordance with the present invention; FIG 9
IS a greatly eidwiragasd byeeotabhi emivtimg devices which, in combination,
define an image plane. Each light emitting device is
fabricated approximately 20 microns on a side with a center-
to-center spacing between adjacent devices of no more than
10 20 microns. Each light emitting device is turned ON with
approximately 1.8 volts and utilizes approximately 50UA of
current when it is turned ON. Array 15 produces a luminance
less than approximately 15 fL.
Array 15 is illustrated in more detail in FIG. 4 and
15 includes, for example, semiconductor electronics such as a
light emitting device (LED) array 20 driven by data
processing circuits 21. The LEDs may be, for example,
organic or inorganic light emitting diodes, organic
electroluminescent diodes, vertical cavity surface emitting
20 lasers, field emission devices, LCDs, etc. Data processing
circuits 21 include, for example, logic and switching
circuit arrays for controlling each LED in LED array 20,
drivers and the like. Data processing circuits 21 include,
in addition to or instead of the logic and switching arrays,
25 a microprocessor or similar circuitry for receiving data at
an input terminal 22 and processing the data to produce a
desired real image in the image plane of a device such as

LED array 20.



por'tian ‘of the apparatus illustrated in FIG 8; and 20 FIG 10 is a

viewsimlar to FIG 9 illustrating a different enbodi nent in
accordance with the present i nventi on. Description of
the Preferred Enbodi nents 25 FIG. 1, 2 and 3 illustrate a top
pl an view, front view, and side elevation of mniature inmge

mani f estati on alearat us 10. FIGS, 1, 2 and 3 illustrate mniature

i mage In this specific embodiment LEBH array 24 4is d&iiddized

apparatus 10 roxi mately the. actual size.to rovi de sone,.i ndicati.on
ag Iot o the si ZZ}S@ Talo i h‘?%lé%’@sseé?remﬁybgf‘ﬁglrﬂ@? rg@)tt ocaﬁ}a&’«ﬁ r?.ré%,&ﬁb'gpaf"ﬂg 10
i ncludes a t [ | O [ 15.0 ' 1.1t ' and, in
this 5 speci ?%auesrgo(;f@rﬁ %qglp §é§§§f§ ?ﬁc%ﬁ%%%ﬁ%é géﬁ{lpeo%%ﬁa%ﬁ%n'

devi ces by 24 ' : 1l : hee Feh, el qggg it L,he an
I mage pl a%e. %ﬁt%%%%léﬁnégrﬁ(?%l%iggﬁg:@?g 3 naf abr gﬁe;tégﬁ%afp&rlggxf%gtggl y 20

m crons onsa spglei v 1 BtGRRERA in whichOp£RE1 §rasdatd Mk dainaereddacent
devices of no nore than 10 20 microns. Each light emtting device is

turned ON wit lpatterm i @owshlagdy cdl8mi8l 8 ansingid i AdstaRReOXieNat.chy
50[err] A of current when it is turned ON. Array 15 produces a
| um nance semiconductor chip) 25. Each pixel includes at least one
LED, with additional parallel LEDs being included, if
desired, for color, additional brightness and/or redundancy.
10 By addressing specific pixels by row and column in a well
known manner, the specific pixels are energized to produce a
real image in the image plane of LED array 20. Digital or
analog data is received at input terminal 22 and converted
by data processing circuits 21 into signals capable of
15 energizing selected pixels to generate the predetermined
real image. The digital or analog data is received from any
data source, such as a communication receiver, a memory or
data bank, or other portable electronic device, etc.
It will be understood by those skilled in the art that
20 LED array 20 and substrate 25 are greatly enlarged in FIG.
5. Also, while data processing circuits 21 are represented
by a separate block, it will be understood that in some
applications they may be formed around the edge of LED array
20 on substrate 25. The actual size of substrate 25 is on
25 the order of a few milli-meters (e.g. 3 to 10) along each
side with each LED being on the order of 5 to 50 microns on

a side (or in diameter if the LED is round).



| ess than approxi mately 15 fL. Array 15 is illustrated in nore

detail in FIG 4 and 15 includes, for exanple, sem conductor electronics
such as a light emtting device (LED) array 20 driven by data
processing circuits 21. The LEDs nmay be, fd exanpl e, organi c or
inorganic light emtting diodes, organic el ectrol um nescent di odes,

crc. pata protessiigeuse of thh eatspnitd) el afeShn AR ke 3§ndLCDS
SWLONING  GFHE Uil [V SRALCALLHDS, £achy LR UL FRnA Rl

drivers and the processing circu In a d|t|on
to or instead g ¢ %&ﬂg'&o@i&ds%g&ehl NghithaYsverdfy Aty Ypedcessor or

simlar circuitry for receliving an input termnal 22 and
processi ng t hecwhetehtt TaHRANGE Rpacityfesk 8drr&d ddmity." ReFeriadg pbane
of a device such as LED array 20. In this.specific
enbodi ment SLEFBG J &/ £}t iekaniple,zdd one thpLéasecomdrdthiorexnlgmal yowmat! a
size that can be achi eved and because of the sinplicity of
construction antheper atddressed orR&ternedgO8peci Thusl Ibhet mefa® tFace fban

view of LED array 5 20 is illustrated in which pixels are formed in a
regul ar each column needs to carry only sufficient current for one

LED {the one LED in the row which is ON). However, all of
the LEDs in the ON row could potentially be turned ON
10 simultaneously. Thus, the metal trace for the ON roﬁ, which
can potentially be required to carry current for however
many LEDs are in the row (e.g. 100 to 1500 LEDs), must carry
many times as much current as the column metal traces.
Array 15 is mounted on the under-surface of a
15 supporting substrate 16, which in this specific example is
glass, and a driver board 18 is bump-bonded to supporting
substrate 16. Additional information on driver boards and
bonding of substrates to the driver boards is disclosed in
United States Patent number 5,432,358, entitled "Integrated
20 Electro—optical Package®, issued 11 July 1995 and assigned
to the same assignee, which information is included herein
by reference.
Single fold optical magnifier 12 is also mounted on
supporting substrate 16 and includes a plurality of optical
25 elements defining a light path from array 15 to a viewing
aperture 19, best seen in FIG. 2. The plurality of optical
elements are constructed to angularly magnify images,

generated by array 15, at a light inlet of a first optical



pattern 'of rows and colums on a single substrate (e.g. a

sem conduct or chip) 25. Each pixel includes at |east one LED, with
addi tional parallel LEDs being included, if desired, for color,

addi tional brightness and/or redundancy. 1@ By addressing specific pixels
by row and colum in a well known manner, the specific pi xel s are
energi zed to produce a real i nage in the imge E}ane of LED array 20.

Digital or el%%‘i’%gb%aﬂ%faartserr &d&n, &6 Dat Pﬁﬁﬁ’t‘s?e‘? e enghhy <%,for‘-"\]i‘érted
by dat t 15

o3 ect ad pi et SPPECEL AR B Jaelo RetaP s he fond it athe o
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comuni cati on recerl ver, er portabl e

el ectroni ¢ devigg, xffatel gzjetes""'altl aDRaYRGLI 81008, e LfiRSq.ookil 1 ed i

the art that arra substrate are greatly e rged in FIG

5. Also, whyl ed@é‘ééeé)r&?eéwl@l%%'lbﬁ 8k 26, ' GPERSEN e[Sjresent by a
separate block, Tt will be understood that In Sone appl i cations they

may be forned SBSAThde g HeRiabhdyl fieldlopnvsawsds ate 25. The
actual size of substrate 25 is on 25 the order of a fewmlli-nmeters (e.g.

3 to 10) al ongappedximatelst deb wielgreeacAndED hegniif beat ien asflasxaf 5 to 50
‘m crons on a side (or in dianmeter if the LED is round).
9 Referring to FIG. 6, a perspective view of portable, or
hand-held, electronics equipment 26 is illustrated with
10 miniature image manifestation apparatus 10 mounted therein
so that only a viewing aperture 19 is visible. FIG. 6
further illustrates a typical view 28 seen by an operator
looking into viewing aperture 19 of electronics equipment
26, which view 28 appears to be behind electronics equipment
15 26 and is sufficiently large {e.g. 8.5" X 11") to be easily
perceived by an operator. View 28 could be, for example, a
floor plan of a building about to be entered by the operator
(a policeman). The floor plan is on file at the police
station and, when assistance is requested by the policeman,
20 the station simply transmits the previocusly recorded plan.
Similarly, electronics equipment 65 might be utilized to
transmit pictures of missing persons or wanted criminals,
maps, extremely long messages, etc. Many other variations,
such as silent receiver operation wherein the message
25 appears in viewing aperture 19 instead of audibly, are
possible.

Referring specifically to FIG. 7, a 4x magnified view

in side elevation of portions of a prior embodiment of



Because ‘of the extrenely small size of substrate 25, drive lines or

nmetal connecting traces between LEDs, have a very smal | cross-section,
whi ch severely limts their current carrying capacity, or current
density. Referring to 5 FIG 5 for exanple, in one typical operation only
arowat a time is addressed or "turned ON' . Thus, the netal trace
for each colum needs to _carr iny suff|C|ent current, for gne

LED (t he one LﬁRP?F?qqﬁa¥QMH§Mﬂ;§h ﬁleRﬂ Iugheaked £a1 Jerity. ( F&oPeps in

Lhe N Tow o, POLe Al lonbeel 4blsCL B e SMERASOUY YTy, the
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nmust carry IMeS aS nmuch curre as t um ne

Array 15 is ”%Hsefbpn tﬂ‘%d#“%%e%%{aé&@a@“l@ns 15 suppeidiviesSwshhat e 16,
which in this specific exanpleé and a driver board 18 is

bunp- bondeg t Qe EnHIS tdﬁﬁgmssmlaua&téﬁwo&@ of\dghé I:ﬁ(}a’llﬁl@fxorrr@ t98aQn
driver boards and bondi ng of substrates to the driver boards is
disclosed in elemddt 130 iS FormeBahenh prIHErtd, bl Encrlaisededngular
"Integrated 20 Electro-optical Package", issued 11 July 1995 and assi gned
to the sane assaguefcatiiionh (reldocedt efifiecsivectackad Yeargeih) in theysame

r ef er ence. Single fold optical nagnifier 12 is al so nounted on
supporting subsilhate oift spage compdesdatpl thalusy of optimpdle t2Fndhgnent s
defining a light path fromarray 15 to a view ng aperture 19, best

seen in FIG Mimer dinutdie @irof Gptieal elements 30, 31 and 32 are
10 molded from an optical quality plastic, which it is

generally understood is material having a high index of
refraction, between approximately 1.5 and 1.6.
In this embodiment, a 1light inlet 33 takes the form of
an aspheric field flattening concave surface molded directly
15 into element 30 and formed as an integral part thereof. It
will be understood, however, that light inlet 33 could be
formed as a separate lens and subsequently positioned in
optical alignment with the lower surface of element 30. A
reflecting surface 34 is disposed to fold or bend light
20 passing through first element 30 at an angle of
approximately 95°. It has been found, for example, that an
angle of 95° avoids vignetting on the lower part of the
image at aperture 19 of optical magnifier 12.
The plurality of optical elements, including first
25 element 30 and optical lens 31, define a light path from
light inlet 33 of first element 30 to aperture 19, To
fabricate a single fold optical magnifier that is useful in

portable electronic devices, the total average optical



el erreﬁt s are constructed to angularly magnify inmages, gener ated by
array 15, at a light inlet of a first optical

10 el enent by greater than ten. Because of the length of the
optical path and the size of array 15 (they2eal inmage), the hori zont al
field of view of the optics ranges from approximately 11 degrees at a

magni fication of 10x to 22 5  degrees at a nagnlflcatlon of 20x, with the

present etBBAt APt %l%’&%tﬂ%ﬁ%uﬁ-ﬂe g oF Vhewage of

2o o1 15, ERLEGE U RO LSTLR0,9. 15, (o o 5L 100 1
t 26 f L at
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visible. FIG ?p%ﬁ xuﬂé‘ﬁ%i}erzd 'rAi‘isfirxr%tt%%s@ t%gkgaﬁt vi %ﬁ? e HO Y Pat

oper at or Vi ew ng aperture oni cs “equi pment

26, which g e%@éa@we@f S J&;P%mari(i %E%%asznﬁaénfﬁaﬂor@tandlin%é ard is
sufficiently large (e.g. 8.5" X'11") e easil per cei ved by an

operator. Vievard €l thdie tHay anﬁlﬂ&ha,l dmage 1£I@@i1ﬁém Hathdiuithdnng
about to be entered by the operator (a policeman). The floor plan is
on file at thedppéctteview disdpdiaygn thedpvelrahl apbysical edimensdqusstofd by t he
policeman, 20 the station sinply transmts the previously recorded plan.
miniature image manifestation apparatus 10 are approximately
1.5 inches (3.8 cm) wide by 0.75 inches (1.8 cm) high by
10 1.75 inches (4.6 cm) deep, or a total volume of
approximately 2 cubic inches (32 cm3), of which less than
0.7 cubic inches is the optic volume.
In many applications it may be desirable to include
apparatus for focusing the final image. This apparatus
15 allows the viewer to position the virtual image in space,
producing a sharp, clear image. To this end, element 30
(and elements 31 and 32, if desired) is mounted on substrate
16 by means of a threaded adjustment 35 which can be rotated
by a thumb screw, screwdriver, etc., to move the fixed
20 assembly of elements 30, 31 and 32 vertically toward and
away from substrate 16 and array 15. Focusing is
accomplished by simply changing the distance between light
inlet 33 and the image generated on array 15.
Because of the small size of optical magnifier 12 and
25 the very short optical path, supporting substrate 16 creates
a problem. The real image generated by LED array 15 is in

an image plane at the lower surface of supporting substrate

16. 1In order to maximize the focal range over which the



St-mlarly, electronics equipnment 65 mght be utilized to transmt

pi ctures of m ssing persons or wanted cri m nal s, maps, extrenely |ong
nessages, etc. Many other variations, such as silent receiver
operation wherein the nessage 25 appearsi3n view ng aperture 19 instead
of audibly, are possi bl e. Referring speC|f|caIIy to FIG 7,
a 4x magni fied view I n side el evatjon of portiagns of

enbodi ment of virtual image ca&pbﬁr%?%%tﬁﬁp%ﬂ'Fﬂ*ghtlﬁn§e¢lﬁés§P8Péﬁ P8r

larity. F i t b that, th lity of optical
Gl ament s | nol (EEYE t%sfoelstrfsafa&%%%ﬁfe%&ﬁaw% 811‘%%%' ndt R 5T A

| ow pover optiGal diGass32y &dh L4064 ¥ndnace BRI Lndl 10888 Rhier 33

ext ensi ons Of magnirtier. S aprrsm

to enable inCrHazAg %%9%% small ”agﬁ‘ééé@@ﬁ | Qi c}:‘i‘m‘i‘&%@sgf B%Ch?iégofr{?%ﬂlly

I ength) in the same vol ume of space cdnpared to the use o

turning 5 THydsRrate 1geidtboatbés CAlmEl BB Himdsidh Fa¢ Ba'-arehléﬂ
nol ded froman optical quality plastic, which it is generally

under st ood i s IiMi®)s adlowhalbBe BighghinrelexdPfcan getr €br bk dRaghehIERE.
approximately 1.5 and 1.6. In this enbodinent, a light inlet 33
takes the forrmhef thickness of supporting substrate 16 not only limits the
focal length but also introduces a limit into the amount of
movement allowed in the focusing system by dictating the
10 minimum spacing "d" between light inlet 33 and the image
plane.

Referring specifically to FIG. 8, a 4x magnified view
in side elevation of portions of an embodiment of miniature
image manifestation apparatus 40 in accordance with the

15 ©present invention is illustrated. A two-dimensional LED
array 45 is mounted on the under-surface of a supporting
substrate 46, which in this specific example is glass. A
single fold optical magnifier 42 is also mounted on
supporting substrate 46 and includes a plurality of optical

20 elements defining a light path from LED array 45 to a
viewing aperture 49. The plurality of optical elements
includes a first optical element 50, an optical lens 51 and
a low power optical lens 52, In this embodiment, a light
inlet 53 takes the form of an aspheric field flattening

25 concave surface molded directly into element 50 and formed
as an integral part thereof. Focusing is accomplished by

simply changing the distance between light inlet 53 and the



an--asfdheri c field flattening concave surface nolded directly 15 into

el emrent 30 and fornmed as an integral part thereof. It w il be
under st ood, however, that light inlet 33 could be formed as a separate
| ens and subsequently positioned in op#i cal alignnent with the | ower
surface of elenent 30. A reflecting surface 34 is disposed to fold or
bend light 20,passing through first elene 30 at an angl e of

approxi matel y yg?‘é?r?g"?’fatrﬁfg BedFD G5xgY \Zgrt@i‘éﬂ%‘? cthe [prergfion of g
of 95[err] avojds vignetting on.t | ower part of the I mage at
aperture 19 oft}cg)ﬁ??%%ﬁl ar“r%:bunz’%f"fe&t %; The plurality of optical

I ts, |i | udi ' s Nt | e defi
oloment e, 1 6] Ul Gl 18ty @SB ATSRl H58001 0 UBALARIE Wsdelire &
fabricate a siggt&rdhék APit ndpiskner _ih@léhtién Usedlddd a supp¥tlialyl e

el ectroni c devices, the total average optica

12 | engt SuPét #dee 0P8 | KomaWitthaubdnhtei 8f t $at 8108, Woherent

approximately 15 to 35 millinmeters. In this enbodi ment the opti cal
path fromlightptitel Hibdrs Prerditendifg, Swith ahbpsdxitimtapdticdl fibers
mllinmeters. Here it should be noted that 5 because of the very snall
opti cal magni fimrpdfaklel arffrom The loweznuabe $acfacddio the nppelr magbge i s
utilized, rather than a direct view display, the overall physical
di mensi ons of surface thereof and defining a mounting area 48 on the lower
major surface. Generally, supporting substrate 46, or at
10 least the portion of supporting substrate 46 defined as
mounting area 48, is formed by fixedly bonding a bundle of
optical fibers together in parallel and slicing a thin layer
from the end to form a generally planar element with opposed
major surfaces. While the optical fibers can be either the
15 glass or the plastic variety, glass is preferred because of
its superior ability to withstand heat (which may be
generated during subsequent assembly or fabrication steps).
It should be understood that while planar surfaces are
usually used, fibers with lenslets on one or the other end,
20 or wvariable refractive indices, or other light bending
capabilities, can be used.

LED array 45 can be formed on a semiconductor chip, as
previously described, with the image being developed at an
image surface of the semiconductor chip. The semiconductor

25 chip is then mounted on the lower surface of supporting
substrate 46 with the image surface parallel and adjacent

mounting area 48. In a different embodiment, organic

electroluminescent diodes can be formed directly on the



néniafure | mage mani festation apparatus 10 are approxi mately 1.5
i nches (3.8 cm wide by 0.75 inches (1.8 cn) high by 10 1.75 inches (4.6

cn) deep, or a total volune of approximately 2 cubic inches (32 cnB),
of which | ess than 0.7 cubic inches i35the optic vol une. In
many applications it may be desirable to include apparatus for

f ' the fjinal i . _Thi t 5 |l th ' t I ti

he virtual | rEOEeT PURE OF SOBRPGRLPNGURCLRATS S5 Had Moo E% s
d, el t 3 d .el d vy g ' [ t

Cubstrate | iyage pAdil 6 BREbRARE BE°CHE onef TR, o BHRENE. o

by a thunb scrgyhsiSHeWdyg ver, etc., to nove the fixed 20 assenbly of
el enents 30, 31 and 32 vertically toward and away from substrate 16

and array 15. Focusih@iither cas@fCBURHLENSE &yt B4 i MN¢ rlidhe rdirst ance
bet ween |i ght inlet 33 and the imge generated on array 15.

Because of 5t heosratdnsiizs,oftheptimage phane f £o6m theékbwedb surfacecbf short
optical path, supporting substrate 16 creates a problem The real
| mage gener at eshgpodttBERgasubptiétes4bnto the anppemgruyficares cft stippolrtimg
surface of supporting substrate 16. In order to maxi m ze the focal
range over whisgbstirgate 46, as illustrated in FIG. 9. By transfe3ring the

virtual image can be positioned, light inlet 33 should be

image plane from the lower surface to the upper surface, the
image source appears to optical magnifier 42 as though it is

10 positioned in the upper surface, rather than the lower
surface. Thus, light inlet 53 can be moved downwardly until
it is touching supporting substrate 46, at which point
dimension "d" becomes zero. Thus, supporting substrate 46
with bundle of optical fibers 47 eliminates the limit in the

15 focusing range by reducing the minimum spacing "d" between
light inlet 53 and the image plane to a minimum of zero.

Referring to FIG. 10, a different embodiment is

illustrated in which a supporting substrate 46' is provided,
which is similar to previously described supporting

20 substrate 46 of FIG. 9. A two—dimensional array 45' of LEDs
is provided which is also similar to two—dimensional array
45 of FIG. 9. However, in this embodiment array 45' is
affixed to mounting area 48' of supporting substrate 46' so
as to leave a small space 49' between the lower surface of

25 supporting substrate 46 and the image surface of array 45°'.
In this embodiment, supporting substrate 46*' not only

transfers the image plane from the lower surface to the



al lowed to come very close to this inage plane. That is, t he di nensi on

"d" between the inmage plane and light inlet 33 shoul d be very snal |
However, the thickness of supporting 5 substrate 16 introduces a m ni mum
di rension for "d" , which limts how aléose |ight inlet 33 can get to

t he i mage pl ane. The thickness of supporting substrate 16 not only
limts the focal length but also introduces a limt into the anount of
movenent sl | owBBPR PREEIGR Rt S Bervtgiod: Lot page  iRat Rt 14 Fherme
spacing "d " between light inlet 33 and the inmage pl ane.

Referring spec??lég?ry to FIG 8, a 4x magnified view in side

el evati on of portio ' 1, Ni r |
mani festation apparé‘]l?yés);ﬁ%pi%g%or anggfé‘\‘/ﬂ\n hk?ﬁﬁe{ ﬁi% l%vféeggér;llfrflancveer?tfl on is
i1lustrated. g?ﬁwféi@wMaéeEQG', th@l LAY 6Pang1 "RLBEAS A1 Pdlifile

under - surf ace a supporting substrate 46, which in this specific
exampl e is gl agyr W1l st&tde cfdm@c@plmgﬁt PPERi oL thvan Sordd AxEIUNt ed
on supporting substrate 46 and includes a plurality of optical 20

el ement s defi n{general htopatlEl,r @n lthbear L8ytHE image is iwianlior) ,aperture
49. The plurality of optical elenents includes a first optical elenent
50, an optical thensbplspaitdially averagipgweoropowcpdss efisltedringn tthe high
enbodi nent, a |ight inlet 53 takes the formof an aspheric field
flattening 25spabirhvEreqneanae qasitead drencthy imee el Fhir 50 desdredleed

as an integral part thereof. Focusing is acconRIished q¥ . sinply
changi ng the di3tiRee fanidastatdion erparatysafd’ ¢ ikee 40 in FIG. 8)

10 Dbecause the highest spatial frequencies generated by the
imagery correspond to pixel (or LED) edges, which do not
contain image information and so essentially constitute
noise in the image. By tailoring the numerical aperture and
diameter of optical fibers in bundle 47' of supporting

15 substrate 46' and the distance between array 45' and the
lower surface of supporting substrate 46', the low pass
spatial filter cutoff frequency can be conveniently
tailored.

A new and improved image generator is disclosed which

20 can be used with compact optical systems to allow greater
flexibility in optical design and a larger focusing range.
Also, the new and improved image generator provides the
capability to low pass filter the image, reducing high
spatial frequency pixel edge noise from the image. Thus,

25 the present invention makes optical design of small compact
optical systems easier and improves image quality and

ultimate device usability.



14- - image generated on LED array 45 through the operation of a

t hr eaded adj ust nent 55. M ni ature i mage mani festation apparatus
40 in accordance with the present invention includes a supporting 5
substrate 46 formed with a bundl e of spati alfly coherent optical fibers
47 extending, wth all of the opti cal fibers in parallel, fromthe

L over o SUr1RCSatfh N RS oS! spa_ e SULLBSE HORLERL: hontas °
substrate 46, gf Al Q.Jesasy ygstasat'eﬂr S5 1RR8L dif&gcbsog%sta&,%te 46

defined as noun g area isf bundl e of

OpLI cal 11 ber sy 0Rdifntd 352 bL ek 2pd éhggéngkﬁ%éu " R art. Wl om the

end to forma gener a anar elenent wt ose maj or surrtaces

Wil e the optigalidfd tieastocm lﬁﬁd@'r”sh.@?dE heheééfai@ss';ﬁt e Plidtlent ion

variety, glass 1s preferred because o its superior ability to

wi t hstand Rgeat i 4 Wbt h it elde to theggaef:%ﬁﬂaﬂuféﬂﬁb Rt ueid was Seftlehy or
fabrication steps). It should be understood that while planar surfaces
are usual iy tisedppendeds clatihs! €6Stever cal bmodi fidat iensethanddo 20 or
vari able refractive indices, or other light bending capabilities, can
‘be used. not defERtafirom £5ecspibétf andescope of ditiicoddvenddoohi p, as

bt




previaﬁsly described, wth the i mage being devel oped at—an- - I mage

surface of the sem conductor chip. The sem conduct or a3 |
nount ed on the | ower surface of supporting substr ﬂ ﬂﬂ&!ﬁﬂh Fgﬂlhage
xd @i

surface parallel and adjacent nount i ngsgarea 48. | s %
enbodi nent, organic el ectrol um nescent di odes can be fornmed directly
on the . . 15 | ower surface of
supporting sub¥pfbt ES481med 4% define an i mage plane in the plane of
the | ower surface of supporting substrate 46. In either
case, bundle of optical fibers 47 transfers, 5 or transmts, the inmage

I f t he | f f l
Curtace of supporti g B SEEF qeneracSuPegE! ifilo8 MM AL R abtod dMuRRE

transferring tQSmprisiﬁG?ge pl ane fromthe | ower surface to the upper

surface, the I mage” source appears to optical magnifier 42 as though it
is 10 posgtioned anNseHiSodPRf subsitdate Wwathebppbsadt PErd©VEHd second
surface. Thus, light inl'et 53 can be noved downwardly until it is
touchi ng suppomkijeg Subfided e tie sappotitihgpPeuBstrate th&PRGi) a Hlindle
becomes zero. Thus, supporting substrate 46 wi th bundl e of optical
fibers 47 elinopadpsicdr fibverds igxteneind5 frbmcubendifsingea yr ratkfdoey tiche
m ni nrum spaci ng "d" between light inlet 53 and the inage plane to a

m ni mum of zerthe second major surface and defining a mounting area on the

first major surface; and

10 a two-dimensional array of light emitting devices
affixed to the mounting area of the supporting substrate so
as to direct light from the array of light emitting devices
into the bundle of optical fibers at the first major
surface, the light being directed to the second major

15 surface of the supporting substrate by the bundle of optical

fibers.

2. An image generator for image manifestation apparatus
as claimed in claim 1 including driver circuits coupled to
20 the array of light emitting devices and including a data
input terminal, each light emitting device of the array of
light emitting devices being individualiy addressable by the
driver circuits so as to generate a real image including one
of a plurality of lines of alpha-numerics and graphics from
25 data received at the data input, the real image being
transmitted from the first major surface of the supporting
substrate to the second major surface of the supporting

substrate by the bundle of optical fibers.



Referfing to

supporting substrate 46' is provided, which is simlar to previously

FIG 10, a different enbodinent is illustrated in_which a

descri bed supporting 20 substrate 46 of FIG 9. ' ' array
45' of LEDs is provided which is also1gimlar im‘mﬂumm\mm‘ array

45 of FIG 9.
nounti ng area

However, in this enbodinment array 45" is ¢ t atfiked to
48' of supporting substrate 46' so as to |l eave a snal

space 49' between the | ower surface of 25 supporting substrate 46 and the

| mage surface
46' not only
upper surface
As array 45
substrate 46
collect Iight
i f the inmage
filtering the
desirabl e
because the h
correspond to
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of arya
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'S ITDV.e a.VVay rom t he QV\Br surrtace . Support I ng
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rom nore than one

i s_enbpdi nent, s ort.ing _substrate

45' . | h
oy dpiace, gonragEon: SRE §Pa9s (P S IAREA ST ADBAECL o

T (generally one LED, or three
I SidHt @@i®thing devicbBehEPNgSEGEhed | PheRIAGINI de®iniay BASS

hi gh spatial frequency content fromthe inmage. This is

imdde istlaFacenniheskahl oimage Weinty dherdated 42 itheFlifmag8)
| ghest spatial frequencies generated by the | magery
surdalce(.or LED) edges, which do not

4. An image generator for image manifestation apparatus
as claimed in claim 3 wherein the array of light emitting
devices is mounted on the supporting substrate with the
image surface spaced from the first surface of the
supporting substrate so as to provide low pass spatia%

filtering of the real image.

5. An image generator for image manifestation apparatus
as claimed in claim 1 wherein the array of light emitting
devices is an array of organic light emitting devices formed

on the first surface of the supporting substrate.

6. Image manifestation apparatus with an image
generator comprising:

a supporfing substrate with opposed first and second
major surfaces, the supporting substrate including a bundle
of optical fibers extending from the first major surface to
the second major surface and defining a moﬁnting area on the

first major surface;

10



containinmage informati on and so essentially consti tute noi se in the

I mge. By tailoring the nunerical aperture and
fibers in bundle 47" of supporting 15 substrate 46" gﬂ-ﬁm E I MEl|
bet ween array 45' and the | ower surfad® of supportixNgcsubsty atse ,

t he | ow pass spatial filter cutoff frequency can be convenlently
tail d. d t I d which
20 can be used wi th CONPRT AT SpeiodE dooar SRIG tagpeviess M ©
flexibility i I A

ne\?vxiamlj : n%rg\?egels‘ir‘r%getgg%(?g‘tl or l g/a%ggt%ogﬂgl gggggggfwtsu Sé% oW pasg

filter the imagg, cheguesdy Didi trom ! balaly s@uggsutpéﬁﬂt VR S8

fromthe image. Thus, 25 the present invention makés optical design of

smal | conpact into @néls@dxdﬁé/%@rasptqwlerﬂ%@ésl aareMQSfiwgqnaj@élty and
ultimte device usability.

Wil e we have shefacandtlescighie besipecidirecteodbnenéssecon®fmd present
i nvention, further nodifications and i mprovenents will occur to those
skilled i n thesarfacé\éof thealesipponttinigo sobstrdeéesbypothetbhendioretf dgtatcalhi s
invention 5 is not limted to the partlcular forms shown and we intend
fibers;
driver circuits coupled to the array of light emitting
devices and including a data input terminal, each 1light
10 emitting device in the array of light emitting devices being
individually addressable by the driver circuits so as to
generate a real image including one of a plurality of lines
of alpha-numerics and graphics from data received at the
data input, the real image being transmitted from the first
15 major surface of the supporting substrate to the second
major surface of the supporting substrate by the bundle of
optical fibers; |
a plurality of optical elements having a light inlet
positioned adjacent the second surface of the supporting
20 substrate and a light outlet directed at an angle to the
inlet, with a reflecting surface optically positioned
between the inlet and the outlet so as to direct light from
the inlet to the outlet;
the plurality of optical elements defining a light path
25 from the light inlet to the light outlet with a total

average optical length in the range of approximately 20 to

35 millimeters; and



gt he appended clains to cover all nodifications that do not de‘pﬁr’t

fromthe spirit and scope of this invention. med
i S: 1. An inege generator for image nmani fﬁllﬂ‘ m LMH
conpri si ng: 5 a supporting substrat® with opp second

maj or surfaces, the supporting substrate including a bundl e of optical
fi bers extending frog1t$£ first % surface to the second nmj or
surface and defi ni nb | hbyeﬂ gmqa}.}eelemenf:grgglmj S?n?iﬁ‘f%ﬁ%i thd
10 a two- d| onal ht, emi tting. deyjce ed to
t he mounting a?ﬂg %em {) ttith tll”?fg? ?%r the”Y ghéol’alr‘?téc‘?glq
fromthe array t \ S b

fibers at the ?%2{: %{185’1 éi%fg}eaié%% F%El %ﬁe'llgﬁe rec 1?

second maj or gﬁeguig@g@roéhgqu.ﬁéjwﬂ |l|ggg§ubstrate by t he bundl e of

opti cal bers. . An 1 magé generator for inage

mani f est at i5)n appar at us as cI ainmed in claim1 including driver
circuits coupled to 20 the array of light emtting devices and including
a data 7. Image manifestation apparatus with an image

generator as claimed in claim 6 wherein the optical elements

include at least one aspheric surface for aberration

correction.
10
8. Image manifestation apparatus with an image
generator as claimed in claim 6 wherein the optical elements
include at least one diffractive optical element positioned
in the light path so as to providé aberration correction.
15

9. Image manifestation apparatus with an image
generator as claimed in claim.G wherein the plurality of
optical elements are mounted with limited movement of the
image input toward and away from the second surface of the

20 supporting substrate so as to provide focusing of the

virtual image at the light outlet.

10. An image generator for image manifestation
apparatus as claimed in claim 6 wherein the array of light
25 emitting devices includes a single semiconductor substrate
with the light emitting devices being formed thereon and
defining an image surface, the real image being generated at

the image surface.



anuhﬁierninal, each light emtting device of the array of | i ght
emtting devices being individually addressable by the driver circuits
0

so as to generate a real immge including one ,fi m Hﬂlﬂ!mmulm" nes
of al pha-numerics and graphics from 25 daea receiv ut,
the real inage being transmtted fromthe first major surface &f the

supporting substrate to the second maj or surface of the supporting
substrate by the bundl e of optical fibers. 3. An inmage

generator for i rragglrﬂlair%{]?s&gaﬂteit t%lréﬁ%;%g%ggt ggr_ img@ﬁrg%%fé%ﬁi%nd aim?2

wherein the array evi ces” | single

sem conduct or ‘?ﬁl’ﬁﬁ*{g&ﬁ 2y t&afi&%g i hgaﬁfn ef1 {ihd ARG AL Gl R 1aEed

t hereon and de mage surface, the real inage being generated

at the image eopitiSid fKrices is mountedl- oANth&® §?¥Eﬁ QGubstrateagdth
mani festati on apparatus 10 as clained in clairn%@'p erefﬁithe array of

light enmittg NOthe imdfVififFdce Bpadead ebmt bRe SEPPSL tsnFateh iy athe Wi th t he
i mge surface spaced fromthe first surface of the supporting
substrate so asupgofting dmbstwatessospat tal providéiloemarp cpatial eal
i mage.

filtering of the real image.

12. An image generator for image manifestation
10 apparatus as claimed in claim 6 wherein the array of light
emitting devices is an array of organic light emitting
devices formed on the first surface of the supporting

substrate.

15 13. Image manifestation apparatus with an image
generator comprising;

a supporting substrate with opposed first and second
major surfaces, the supporting substrate including a bundle
of optical fibers extending from the first major surface to

20 the second major surface and defining a mounting area on the
first major surface;

an image generator including a two dimensional array of
light emitting devices and driver circuits coupled to the
light emitting devices and including a data input terminal,

25 the light emitting devices being individually addressable by
the driver circuits so as to generate a real image at an
image surface, the real image including one of a plurality

of lines of alpha—numerics and graphics from data received



15 {”_ ~ 5. An inage generator for image manifestati
as clainmed in claim 1 wherein the array of |ight em f}‘mmﬂm“ammm S

an array of organic light emtting devices forned Imr S surface
of the supporting substrate. 20 2%. | mage mani festation apparatus
with an inmage gener at or conpri sing: a supporting substrate

i th d fi d - .
Y“nuf USFE§S§ bé%ftélea%et%?dﬁﬁﬂrcm? "Bhfde SRRy metol RESReRToRPH €
surrtrace to t i i ni i,
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substrate so fromthe array of light emtting

devi ces Qe Ae huedigagh SRbESEL {4 bersnaiitdtiR Wy theMBhable 6
surface, the I'ight being direCted to the second maj or surface of the
supporti ngssulpygtiaiaa Bipkhe Bendl ee@i DRigEadn the dddomids surface of tHeiver
circuits coupled to the array of light emtting devi ces and i ncl udi ng

a data input tsuppomlingedubskirghe; and
a single fold optical magnifier having an image inlet
positioned adjacent the second surface of the supporting
substrate so as to receive the real image from the bundle of
10 optical fibers, the magnifier including
a plurality of optical elements having a light
inlet defining the image inlet of the single fold
optical magnifier and a light outlet directed at an
angle to the inlet, with a r;flecting surface optically
%5 positioned between the inlet and the outlet so as to
direct light from the inlet to the outlet, the light
outlet defining a viewiné aperture and the plurality
of optical elements pxoducing, from the real image on
the second surface of the supporting substrate, a
20 virtual image viewable at the viewing aperture;
the plurality of optical elements defining a light
path from the light inlet to the light outlet with a
total average optical length in the range of
approximately 15 to 35 millimeters, at least one
25 aspherical surface on one of the first optical element
and the optical lens and positioned in the light path
to correct for aberration; and

at least one diffractive optical element



-

10 érﬁtting device in the array of light emtting devices bein

I ndi vidual | y addressable by the driver circuits so: aﬁlml“m HB iu e a
real image including one of a plurality of lines cs and
graphics fromdata received at the daga i nput, the Teal i mage bei ng
transmtted fromthe first 15 nmajor surface of the supporting substrate
to the second maj or surface of the supporting substrate by the bundle
of ~ optical firesttioned in thg pRLERE| PEYR oF0 R i L QUIPTAYE st s having a
l'ight inlet posi tjoned adjacent .t he second, surface of the supporting

20 hsubst][?te and anqfidHt”&}tl LFAFdOPGORFe G AN F Y 0 the inlet,

with a reflecting sur t.i call, Y] yw&gg '

Eﬂe ortlef_so a?gto difg%Fp%%ﬁﬁglﬁ¥gﬁg%lEbg?ﬁ%lir&%ﬁéﬁg)t ezgﬂflg?!et and
e plurality of optlic hQl ' ; he i gh

inlet to the Iight %‘ﬁjtﬁ%eﬁu%vﬁ%ﬁ@gstagggpgﬂg ﬁ%é%?a e&gépﬁ%% llﬁgrnggnhtiﬁ tlhg t

range of ajproxi matelye 20 df by the3Imdbk! HERELESor Ak irtual i

21 the p urea%lqt y or optei cénl el gmant _sé%]éi ng %oa}ls‘; rruéltaed J.tmgge
angul arly magni fy thedieal tHmoeed tihes! 1gbettin ofnd heeal imdde.st
optical elenment into a virtual imge greater than ten tinmes |arger
than the real imge.

14. An image generator for image manifestation
apparatus as claimed in claim 13 wherein the array of light
10 emitting devices includes a single semiconductor substrate
with the light emitting devices being formed thereon and
defining an image surface, the real image being generated at

the image surface.

15 15. An image generator for image manifestation
apparatus as claimed in claim 14 wherein the array of light
emitting devices is mounted on the supporting substrate with
the image surface spaced from the first surface of thé
supporting substrate so as to provide low pass spatial

20 filtering of the real image.

16. An image generator for image manifestation
apparatus as claimed in claim 13 wherein the array of light
emitting devices is an array of organic light emitting

25 devices formed on the first surface of the supporting

substrate.



R - - 7. lmage manifestation apparatus with an image gener at or

as clalned in claim6 wherein the optieal elenents I ncl ude at | east
one aspheric surface i gh‘ FRLASMBEEN || correction. 10 8. | mage
mani f est ati on appar at ﬁfﬁﬁ&%&fﬁ?ﬁggpﬁ% 2generator as clained in claim®é6
wherein the optical At-Soo i le at | east one diffractive optica
el enent positioned in the light path so as to provide aberration
correction. 15 9. Image nmanifestation apparatus wth an inage
generator as clainmed in claim®6 wher ?% gkgﬁgklty of opti cal

el enents are nmounted with limted b | mage i nput toward

and away fromthe secon%dﬁJ ﬁc% FLEE M£91€ﬁ§$?ﬁﬁdﬁ €§ﬁﬁ¥6@ate so as to

provi de focusing of the V|r

10. An image generator for inage nanlfestatlon apparatus as claimed in
claim6 wherein the array of light 25 emtting devices includes a single
sem conducgor substrate with the light emtting devices being forned

t her eon and defining an i mage surface, the real imge bei ng generated
at the i mage surface.

A planar substrate including a bundle of optical fibers

10 extending from the first major surface to the second major
surface and defining a mounting area on the first surface
with a two-dimensional array of light emitting devices
affixed thereto as an image generator. Real images are
transmitted through the bundle to the appear as a real image

15 at the second surface. A single fold oétical magnifier
including a plurality of optical elements having an aspheric
field flattening light inlat positioned adjacent the second
surface to receive the real image.from the second surface of
the substrate. (FIG. 8 to accompany abstract)

20

heet Has Been Reraced
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22, 11. An inmmge generator for inmage manifestation

apparatus as clained in claim10 wherein the array of |ight emtting
devices is nounted on the supporting substrate with 5 the inage surface
spaced fromthe first surface of the supporting substrate so as to
provi de | ow pass spati al filtering of khe real image. 12.
An i mage generator for |nmage nani estation” 10 apparatus as clained in

claim6 wherein thprarray—of—tToh 1 emtting devices is an array of
ér\%zgzzbjx DS ?orned on the first surface of the

r ]

q
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organi c |ight efé
u

supporting DEl"at eg5 ) 13. Image manifestati on apparatus
with an i nage DRer at or pfi sing; a sypporting substrate
wi th opposed first|p

1 sggiggy- nanﬂEZﬁlf(EEE, t supporting substrate

i ncludi ng a bundl e tllfFp| fibers extending fromthe first najor

surface to 20 the|Bgeona—fajq[| purface and d@fi ning a nounting area on
t he first majpfYypuriase; || an i mage generator including a two
di mensi onal array & —H-gif mtting devices and driver circuits
coupled to the el 1 tinlgevices and including a data input
term nal
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25" the light emtting devices being individually addressabl e by t he

driver circuits so as to generate a real imge at an i mage surface,
the real inmage including one of a plurality of |ines of al pha-nunerics
and graphics fromdata received 23
at the data input, the inmage generator bei g mount ed on the supporting
substrate with the inage surface position adj acent and parallel to
the nounting area so that the real i mge at the imge surface is
transmtted by the bundle of 5 optical fibers as a real inmage on ﬁﬂe
second surface of the supporting substrate; and a sinhgl e

pog2pti oned adjafent t he
g eive the rea

fold optical magnifier having an i n&fe inlet
second surface of the supporting 3 0—Fe6
i mage fromthe bundl gﬁ"ﬂ; opt. cl udi ng

a plurality of optic nts NPROCESSINGt ARRAYI et defining the
image inlet of the singleZold o foufor) #nd a |ight
outlet directed at an angle to the inlet, with a reflecting
surface optically 15 positi oned between the inlet and the outlet so
as to direct light fromthe_inlet to the outlet, the |ight

outlet defining a view ng aperturqjﬁﬁa ur y of optica

el enents producing, fromthe real image on
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thg second surface of the supporting substrate, a 20 virtual inmage

vi ewabl e at the view ng aperture; the plurality of optica
el enents defining a |ight path fromthe light inlet to the Iight
outlet with a total average optical length in the range of
approximately 15 to 35 mllineters, at le one 25 aspheri cal
surface on one of the first optical elenen and the optical |ens
and positioned in the light path ié) correct for aberration; and
at | east one di #9ractive optical el emeny—

24 1t oned i light path so as to provide

addi tional abeklrati iflon; mnd the plurality of
optical elenments b tructed to angularly nagnify the rea
imge 5 i enerator into a virtual inmage

greater than
generator for
wherei n the
sem conduct or
t hereon and

I mage. 14. An i mage
ni f est afj on apmaratus as clained in claim13

i gh 1 emtti i ces includes a single
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s SRARGE REPURIE " orlRiror PP PHlac mani festation

s as claimed in claim 14 wherein the array of |ight emtting

es is nmounted on the supportihg substrate with the image surface
SMBGFEHEABSFTR&CTsurface of - t he supporting substrate S0 as to
rovide T()W pPaSS Spa[le 20Tt ter g of —theTeat |nage . 10.
An i mage generator for imge manifestation apparatus as clainmed in
dlaim 13 wherein the array of |ight emtting devices is an array of
grganic light emttin 25 devices forned on the first surface of the
qupporti GEG FOR USE IN IMAGE MANIFESTATION APPARATUS

A planar substrate (46) including a bundle of optical fibers (47) extending from the
first major sutface to the second major sutface and defining a mounting area (48) on
the first surface with a two-dirﬁénsionél array of light emitting devices (45) affixed
thereto as an image generator. Real images ate transmitted through the bundie (47) to

appeat as a real image at the second sutface. A single fold optical magnifier (42)

rp. including a plurality of optical elemeats (50, 51, 52) having an aspheric field flattening
light inlet (53) positioned adjacent the second susface to receive the real image from’

the second surface of the substrate (46).

- REFMCQ&;W
(Fig.8) - | . LZ 0. JAN.
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