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to conventional white light sources. LEDs have the potential to provide the brightness and
operational lifetime that would compete with conventional light sources. Current LEDs,
however, especially green emitting LEDs, are relatively inefficient.
Microprojection is a display technology that encompasses emissive devices with a
20 very small form factor. A representative example of microprojection technology is a
recently announced microprojection engine from 3M Company based on a Liquid Crystal
on Silicon (LCoS) spatial light modulator (SLM), a light emitting diode (LED)
illuminator, and a compact polarizing beam splitter.
Smaller, brighter, more power efficient full-color microprojectors for portable and
25 embedded applications such as mobile phones and digital still cameras are desired. Such
microprojectors preferably have the capability of projecting a still or moving image. The
trend in projector development tends towards engines having a higher pixel count, higher

brightness, smaller volume, and lower power consumption.

30 Summary
In one aspect, the present disclosure provides a projection system that includes at

least one first linear array having electroluminescent devices emitting light at a first
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20 disposed to receive the emitted first wavelength light and downconvert at least a first
portion of the received light to an emitted second wavelength light. The projection system
further includes a scanning optical element disposed between the first linear array and the
second array. The scanning optical element is capable of sequentially directing the
emitted first wavelength light from each of the electroluminescent devices toward one of a

25 plurality of receiving elements of the second array.

In yet another aspect, the present disclosure provides a display that includes a
projection system and a projection screen. The projection system includes a first linear
array having electroluminescent devices emitting light at a first wavelength, and a second
array of receiving elements including at least one first semiconductor multilayer stack.

30 Each of the first semiconductor multilayer stacks is disposed to receive the emitted first
wavelength light and downconvert at least a first portion of the received light to an emitted

second wavelength light. The projection system further includes a scanning optical
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optical el enent
emitted second wavelength light. The projection system further includes a scanning

optical element disposed to receive the emitted second wavelength light, and transmit the
20 emitted second wavelength light along a scanned direction. The projection screen is
disposed to intercept the scanned light.
In yet another aspect, the present disclosure provides a projection system that
includes
an electroluminescent device emitting light at a first wavelength and a first array of
25 receiving elements. The first array of receiving elements include at least one first
semiconductor multilayer stack disposed to receive the emitted first wavelength light and
downconvert at least a first portion of the received light to an emitted second wavelength
light. The projection system further includes a scanning optical element disposed between
the electroluminescent device and the first array. The scanning optical element is capable
30 of sequentially directing the emitted first wavelength light from the electroluminescent

device toward one of a plurality of receiving elements of the first array.
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Brief Description of the Drawings
Throughout the specification reference is made to the appended drawings, where

like reference numerals designate like elements, and wherein:

20 FIG. 1 shows a schematic view of a projector system;
FIG. 2 shows a perspective view of a projection system;
FIG. 3 shows a perspective view of a projection system;
FIG. 4 shows a perspective view of a projection system;
FIG. 5 shows a perspective view of a projection system;

25 FIG. 6 shows a perspective view of a projection system;
FIGS. 7A-7B shows schematic views of a projection system;
FIGS. 8 shows a perspective view of a projection system;
FIGS. 9 shows a perspective view of a projection system;
FIG. 10 shows a perspective view of a projection system; and

30 FIG. 11 shows a perspective view of a projection system.
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embodiment, a scanning optical element is used to direct light emitted by the array of

20 downconverting elements into projection optics.

In one particular embodiment, the present application describes an alternative
system that also includes II-VI quantum well down-converters to provide similar benefits
in miniature projector applications. Generally, the present application describes an
electronic display system that includes: a) a linear array of 1I-VI quantum well down-

25 converters emitting visible light, b) a linear array of lasers or LEDs to optically pump the
quantum wells, and c) a beam-deflecting device to scan the light beams from the linear
array of emitters to provide a two-dimensional image. This two-dimensional image can be
projected onto a screen, or it can be used in a near-to-eye display or other display
applications.

30 Generation of visible light from optically pumped II-VI quantum well structures
can have advantages over commercial semiconductor sources. The advantages include,

for example, greater power efficiency in green, a more stable wavelength versus
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sources ad° able projection systems, having re uce weight, size and power consumption.
20 The light sources can have larger and smaller light emitting regions where the
output light of each region can be actively and independently controlled. The light
sources can be used in, for example, a projection system to illuminate one or more
pixelated image forming devices. Each light emitting region of the light source can
illuminate a different portion or zone of the image forming device. Such a capability
25 allows for efficient adaptive illumination systems where the output light intensity of a
light emitting region of the light source can be actively adjusted to provide the minimum
illumination required by a corresponding zone in the image forming device.
The light sources can form monochromatic (for example, green or green on black)
or color images. Such light sources combine the primary functions of light sources and
30 image forming devices resulting in reduced size, power consumption, cost and the number

of element or components used in an optical system that incorporates the disclosed light

sources. For example, in a display system, the disclosed light sources can function as both
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i |1 um nat9l@pendy su@ngs oneer mpse pptgntial grells RRGAT guangppneds,fondeyroargtisg ot her

opti cal : . : ggﬁgi LEW, j r : 100
accordingﬁﬁ%ﬁgﬁg6%%%%%%Y§Eg¥§?ﬁg&§?sc &éﬁyﬁ%gﬁ?gﬁgﬁggﬁgésg%gﬁ$@%%&ﬁﬂlIudes
a first Ihemathaatieayavkldgibnsltheltaiyeateliglitad prhnetaanic devlagsh efthét i ng

light at a first wavelength. First linear array 110 includes, for exanple,
a fi¥st, wcenessdlighd a third el ectrol uni nescent device 111A, 111B, and

111C capabl e .()Arr%m otf‘f hfGedcht r{l&Inent% dﬁE&glejij_; ,;Rl? %pﬁliégﬂéﬁ E%Il bOeqdd5A 1158,

and 115C, having-a tirst wavel engt respectively. In
sone casdHuméaacdbn efstére sfich Stad2pivanillemgtakisn sikstems, 4or, usamd flcsxaampic,be t he

sane, for exanple a short wavel ength |ight such as blue or ultraviolet. In
some casd¥0JCeHTSYSIMSIOE oflicr eptiGRAYE @Myt hs kA , 4 , and kc, can be different

wavel engt hs. Ase¢qngyl %Qﬁ%gﬁas SR 0BRGP Sy L RRBE St Aink SFEIMBpLAE

emtted first wavel engt t fromt I near array
shovs t hefslecdindodurdieBuojararaystdidd 00 iadlu®5iarfabtudess arfayr 1 1@xiacipdiag | i ght

converting elements (LCE) such.as .a first, a second, .and a thir
seni condtfgchp?wp?scp%tm@% %‘H“&@E&]t ai?%ﬁﬁ,t Wale@@tbcrlrﬁb@ﬁabﬁrr%glq irst,

second, gﬁﬂa&é&[ fdfd READIEONAHE LA c4RY atdéil a(atgﬁg e&%ﬁ‘&l‘ﬁﬁnrée%é??}t a8 \a,?,dl 1}glC are

capabl e ownconverting the emtte receive rst wavel’ength |ight
115A, 1158d 1an@ cigBC; of emiamgentitst, adetanglhéndhathinddight $eAhnd SBawel Erfgt,h. For
exanpl e, hea\rqntgtaef?lrs‘gc \i)varn?e engt V,?Ll ,e [)lg,targld Ac, respectively. In some cases, each of the first
20 wavlengths, A, Ag, and A¢, can be the same, for example a short wavelength light such as
blue or ultraviolet. In some cases, each of the first wavelengths Aa, Ag, and A¢, can be
different wavelengths.
A second linear array 120 can be disposed to receive the emitted first wavelength
light from the first linear array 110. FIG. 1 shows the second linear array 120 that
25 includes, for example, light converting elements (LCE) such as a first, a second, and a
third semiconductor multilayer stack 121A, 121B, and 121C. Each of the first, second,
and third semiconductor multilayer stacks 121A, 121B, and 121C are capable of
downconverting the emitted (and received) first wavelength light 115A, 115B, and 115C,
to an emitted light having a second wavelength. For example, emitted first wavelength

30 light 115A from first electroluminescent device 111A can be downconverted to emitted

second wavelength light 125A by first semiconductor multilayer stack 121A.



30light 115A fromfirst electrolum nescent device 111A can be downconverted
to emtted second wavel ength |ight 125A by first sem conductor nultil ayer
stack 121w0 200/26m3/ 026005PCT/ US2010/ 047077 | N somETABIES/04100E
emtted first wavelength Iight fromone or nore of the first, second, or
third el ectrol um nescent devices (111A, 111B, 111C) of the first linear
array 110 is at a wavel ength that does not need to be downconverted, for
exanpl e, if a IBlso@eicpsghithp smetpdtfiraigwgvelmetinlichs fivet o erﬁl(Pfé@éﬁWtﬁfd'ew ce, and
a blue Ii i i ] ug ,

sem condusgPénd & %fr ege%gro fjhs B%e%ad%écess@lﬁ& IdlEHl ﬁeftﬁfet%gﬁ%r% ararrr 4y at that
| ocation.110is ata\k/mvesafgm thas@ses ndt fided 3 be dbih&mvbit@) forcxambpee, davwiconyear t ed
twice (or, nore), for exanple, as shown by third el ectrol um nescent device
111C t hatis elmlitteéi frarn ¢he qlecgielumingeentdavieg, adsbies Eabitip dosired as i final | | ght 115C
can pe do e o 21C,
and %ownc ¥ dlt Cg%%%g tﬁ% Q%@regh%%to;rgﬁ@ﬂl &ona#; fc% P fr"nd béfé%?%@% uc?eglén&

mul til ayeaﬁ’rastaafﬂat b2dddn. For exanpl e, a blue wavel ength |ight can be
downconverted a first tinme to a green wavelength light, and the green

wavel engt h Iidﬁtso@éﬁa&?é’ %@%&@aﬁ@atlugpt OMslonTEPREEed tRISE AP0k 0 a red

uavel engtialbant Uy HRYI L SONDRABNRTEL DT 1 TBYDEHS BN P PRI cases

to i nprove Ticie cy of  conversion roma ue wave ht to a
red wavel}engltgm\kza@irengtﬁxb SRl s e$5C daubd dowhuneamdesiet bR tiiees not require
the use of two separate down-converter, el enents, but can instead take pl ace
in K si ngeeiseadsipt mikilpiceslaclot2 onpe Apwhacopyereq & pccond imgdry anppgignalt he

single 1lt111 E&hﬁ %ﬁ)‘? nﬁﬁnﬁ%}‘r’] gg[ck%lﬂatli%‘} b@dmpieG! MQ@%@Q&%&E ﬁ%}lﬂaﬁ%}{%s

absor bi ng o e punp reen emssion wel |
| ayers erdowﬂcdgvdntaﬂla fastedne a)rujgrzar @dvélexggnlt light, and thegfreﬁa\lralvylengﬂheight et
linear array 110 (the "punp array") and the second |inear array 120 (the

" downcon\}ﬂ@rwbmuerﬂrYafipwnceaWé AP, Hae §p wﬁd’eere@flgmélfg& %leﬁlsldéiaulels each
other, asyQgs6hihet eful it &md ﬁa%e%%ﬁ@rmeﬂ& i g%Bf &5va¥%id

Iinear Iaser i ode arr y, It my eit epar at e bon ed to the

dowlﬁ:onvefrdma@lwwamlenlgm loghe t@5 rqulaw dvietanlgdr lightb ddsamendased, Ideubjelrrp array is

separated fromthe d vvnconvertlg%arr%%/ (hand th re may be an internediate
W

optical &lOBREARVHER IQRMPEECAEC 4 YsGe %epa{%ﬁp PYYRONEHE Hema¥ W nver t er .
Ei t her O%n%st%attgke lféehﬁla shf@e{}mbh{ﬂﬁﬁfc S rRPhaldEl. Slﬁcsﬁﬂgca{sbsnear

array 120 can as a single structure’'that is
i nsepar akthesinBeapaolidric piest efmolﬁ@rténmatbteal 1ncriudlasdbs;orher loydrs asatbicgbéthmat i on

optics 15 n 30optional relay optics 160, nni ng opti cal el enpent 130,
an opti orhs b@? BlEPtang @%@P%@%%Em Pé?Fan“ﬁJaﬁ%l? %Wﬁ%&nﬁmg befit gEFan nd
col b4 mat 'r@&‘h%&t' cs 150 can partially collimte |ight, for exanple, where
the second emtted |ight 125A, 125B, 125C exits the

Generally, the first linear array 110 (the “pump array”) and the second linear array

120 (the “downconverting array’) can be adhesively bonded or wafer bonded to each
other, as described elsewhere. For the cases when the pump array is a linear laser diode
array, it may either be separated from, or bonded to the downconverting array. In one

25 particular embodiment, the pump array is separated from the downconverting array, and
there may be an intermediate optical element that serves to deliver the pump light to the
downconverter. Either one or both of the first linear array 110 and the second linear array
120 can be monolithic, that is, formed as a single structure that is inseparable.

Projector system 100 further includes an optional collimation optics 150, an

30 optional relay optics 160, a scanning optical element 130, an optional projection optics
170 and an image plane 140. Optional collimation optics 150 can partially collimate light,
for example, where the second emitted light 125A, 125B, 125C exits the
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WO 2011/ 026005PCT/ US2010/ 047077 punp/ downconverter array with a Lanbertian
or near-Lanbertian distribution. Optional collimation optics 150 can

i ncl ude, wonoexenpbe, | enses that can either be bonded @#cmamstég/ o871 he
second linear array 120 using the techni ques described el sewhere, or can be
formed as an integral part of the array as described, for exanple, in U S
Application Serial No. 561/114237, entitled ELECTRI CALY PlI XELATED

LUM NESCENMITHON [@ENY (CORPERATNG. aoibrri@m ormemvEMmBertian distriteiomoOpkpeal 13,

2008. . ional . i i e A . prism
Fenses,  <elitRlos iy 170 B BARUETorRda TRt PSSR 1 3AE IR ety
scanni ng topiid wabndEliae irayl BID usirethe tddhfiqaed ddseibdd ddtiwhicte, b ednsrd folrged al ong
a scanned direction 141. Scanning opti cgl el ement 130 10Qcan incl ude any

vel | knovis aniniegral pateftbe afrpe pudasaiabeds B casaaptst i@ U ganvplication segal Nevs
deviges, Qr t] } 5{@’ K& Sialie nbodi nents, a
secoér:1d " sﬁq6%@%23&‘1{1%%%%%?@6%%@[%I é f%%?@@]ﬁ?csmgﬁso req]“ﬁi red, and can
be acconpINCGIRRORATANG ORTIC ANBMEMEISTS Miledoh Mdvagberf I3r 2@0&npl e, 2-axi s
scanners including dual rotating mrrors, rotating mrrors with

progr essi vel y @ptianabrefayaptiss 1¢f cavEngugs kpoyysminerss s, jlqases, ¢&1.40 8¢ cases,

pr ogr es: ‘ ; - . Lo, e,
e POl SELly SYRLEMAYDSA! | B and 1930, LNSHAR, HRicEatb b nsxaL e, @

near -t o- eye n-a near-to-eye dis e optional proje

opti cs 1&hiasdllighrageamndned 410 akcanhéd ditectionlld 1 b8campgagridalylehbia 180ewer ' s
eye_and appropriate optics to transmt, the scanned beans. As used_herein,
t hel®i scusBiiudsidny axdhkosd lrayis pengeisiBeugg. fon ckupis. SvpmyrastYIENS

appl i cat id%O?ces,béFrlo{alﬁﬁgnﬂﬁSrstog p&%ﬁ,@%éﬁﬁ&?{#ﬁm@ S “?llr%Rgﬁ' y to

I
ot her di spl ay "applications a e pur?p sources can be
resol ut i eoa€hpessindecutbe vo thefast Rednlidialzg requirkd xand'caabe aycodiplBhed by agy wellji ons,
each of which is independently addressable using a digital or anal og
driving ciPRGisysterdnlieing. foR ctaveplerd-axis poraners Hctudyag dipd rotating myrRyp.
wavel engt 1 - : LS ; Lol et region of
t he el ectrrB tcaillrt%gg ﬁglfrlblg \ilgggﬁégiér%gggx letg& lga?é%g%gg]zg% ﬁﬁ%ﬁ@‘é. ('r’{JatE% g}f{é'Ther e are at
| easd two cl adassmofcadestbaprogevtditsgstenr I0@ys FiGat caminstoad bonsidderfed as

candi dates for mcroprojectjon systens, including light emtting.di odes and
| aser di &aé@p{%apﬁara}fb-%ﬂbSﬁlaaaw HReaEe-Res disklge tﬁmttqnﬁgpraiecem PRI 1dfli tti ng

desi gns. : 1 ! R, f Lt .58l ve

devi ces fazlalgrl?l%%%—@gg%#d;bglgigllgaxg@ob\(}krﬁﬁgﬁébis%g% 2%%% %%ﬁtysgpggég%%%l | ow for

i ndi vi dualptiagtrtessimitghofcasaahbahsmntis&@ithergintthe dacusaion afd ck&iples may be

el ectrol um nescent device.can enmit light at an vel ength that nay be

desi r abl dPHILER I3, fEEmS eamom.tlma?p%@aﬂ%, El,lt RS EDDE HRTGEHPEC fo Graanaly & Ly

wav e engtrﬁoreq)r%jdsg};glcghwsgﬂ%ﬂ atfhs 30wkR Wavel ength. I n sonme cases, the
WO 2011/

LED can be a Short- 6005PCT] US2010/ 047077 wavel ength LED capabl e
of emtting UMphotgneurdes cgebehigh resoheiohEDissmdf dmvicas incghlingohivent’i ng

el ement (LCE) .may .be conpose f any. sujtable materials, such,.as organic
seni condutaiod SBYHINA TR A8 Bt St S PGP TG0 B 50 AL Brent s
such as %naB%ad%ingl didculY, KATRAMNAShSHE RS hRAR thAl St sHERARaveldiBth M. GaP,
| nSb, Al Sb, Sb, "GN,
in the visible (for example blue) or ultraviolet region of the electromagnetic spectrum can
25 be especially desirable. There are at least two classes of linear emitter arrays that may be
considered as candidates for microprojection systems, including light emitting diodes and
laser diodes, both of which can be either edge emitting or surface emitting designs.
Linear microarrays of LEDs can be monolithic emissive devices fabricated on a
single growth substrate and processed to allow for individual addressing of each element
30 in the array. An LED electroluminescent device can emit light at any wavelength that may

be desirable in an application. For example, the LED can emit light at a UV wavelength, a

visible wavelength, or an IR wavelength. In some cases, the LED can be a short-
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5AN, InN and alloys of I11-V conmpounds such as Al GalnP and Al GalnN; |1-VI
conpounds such as ZnSe, CdSe, BeSe, MySe, ZnTe, CdTe, BeTe, MTe, ZnS, CdS,
BeS, MyS wioaoald2enes of [1-VI conpounds such as CdMyZnSe pCihBRnBe/Ne7077
BeCdMyZnSe, or other alloys of any of the conpounds |isted above. In sone
cases, the LED can include one or nore p-type and/or n-type 10sem conduct or
Iayers one or nore active |layers that may include one or nore potential

and/ or qdﬁﬁﬁhﬁgﬁbﬁE@Camﬁﬁ@%ﬁ@m%@mﬁgVW%QE@@rht@ﬂmﬁWéh%LEQﬁWdém@éﬁiﬁrate
| f
cavgznse arTeyhe aRAMRL R AT e DR MR iRl R ® ©

const i t uaginscontiuétbs orlindyanid SerSioGRIUCRSS Sncl@iify @Ifodmr\eeleﬁleﬁ@l sudvths &md Zn,
especialﬂg NgTYna have zero concentration in the 15a||o%g$nd t her ef or e,
&

may be a ﬁ@mp@%isaww Inﬁé,rA]é%éaﬁiﬁﬁéa, InPralh, EaPelypbi Abftu&sSh, GaN,
CdO 0Zn0 FEAR N

Szng RO ZEN AT QT EARARIs SSRAIGA 4l ARGIREEA S ot her
exaerl e, doffobinl3 @lﬁé@ZnSé}@dlS@EBéSmMgﬂél BAEe, @i Te| Baye, (Mg"féd ZnZnCd$€BeSand

optionally My, in which case, the alloy system can be represented by
Cd( My) ZndgS P&d altotstodd1- ¥k semppeunds rech a6 A e, MadnSeEe, Mgmeuare an

al l oy of gaﬂahgw“ﬁgmy%@ql %ﬁqmﬁa%%ﬁ%Pﬁmkg sone cases, a quantumwel |l LCE

has a thickness’1n range om a nmto about 100 nm or from about 2

nmto about 33nREme cases, tht DEDOtHA i6El8&Sonctorsedre pagpeisidior d-Kpeor LCE may be
n- dﬁged or p-daoped wher e t he dopi ng can be acconplished by any suitable
d arﬁémb%PnﬁH‘%fPU@V?fﬁ’ P ofPTS athRnETYabpantnclyds ogg g mossReentidhe | ED

and the Legl gl AT NS AR RRILARIANILAL: 418U erd lusAyR cases, the LED

and the rom sem ¢ uctor groups r exanple, in
sone cases, tHe sblBchssaht LEDVAsidonteohGHEcho inodiele l@ﬁrﬁﬂﬁbcﬂM@Zhﬁaﬂ@sa 1-Vi
senlconductor device, In some cases, the LEDs inclu nN sem conduct or

al | oys aﬁw{nrgecomegnd%}&?dgd%@%%@%&Sé@%%ﬁm@%?mépf @9@110330 OfSE can
be di SIOOSc%?eeoéS‘nech1 @6&%‘?&%"1\/} afd ZRf%ﬁiogﬁﬁg}ﬂMg%% RV R Qaﬂ}%ft?a%h ey Ce by

any suitab such as y an a as a t ermal cure or
nel15adheﬁbyemd%ehﬂbngnmpbeabumeﬁohmhmammzdhye&mnpknmbmmHSWmhnﬂudaanethods.

Exanpl es WO 2011/ 026005P /US 01 104707
P CQ(IO 704n(). 30%6 quantum well capa Qermttlng 17n the red, or a Cdg 33Zng g7Se

quantum well capable of emitting in the green. As another example, the LED and/or the
LCE can include an alloy of Cd, Zn, Se, and optionally Mg, in which case, the alloy
system can be represented by Cd(Mg)ZnSe. As another example, the LED and/or the LCE

20 can include an alloy of Cd, Mg, Se, and optionally Zn. In some cases, a quantum well
LCE has a thickness in a range from about 1 nm to about 100 nm, or from about 2 nm to
about 35 nm.

In some cases, a semiconductor LED or LCE may be n-doped or p-doped where

the doping can be accomplished by any suitable method and by inclusion of any suitable

25 dopant. In some cases, the LED and the LCE are from the same semiconductor group. In
some cases, the LED and the LCE are from two different semiconductor groups. For
example, in some cases, the LED is a III-V semiconductor device and the LCE is a II-VI
semiconductor device. In some cases, the LEDs include AlGalnN semiconductor alloys
and the LCEs include Cd(Mg)ZnSe semiconductor alloys.

30 An LCE can be disposed on or attached to a corresponding electroluminescent
device by any suitable method such as by an adhesive such as a thermal cure or hot melt

adhesive, welding, pressure, heat or any combinations of such methods. Examples of
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sui tabl e thermal cure adhesives include silicone, acrylate, and

pol ysil azane fornul ati ons. Exanples of suitable hot nelt adhesives include
sem crystablong2pwbyol ef i ns, thernopl astic pol yesters, &ow/useoplos™7T esi ns.
In sone cases, an LCE can be attached to a correspondi ng el ectrol um nescent
5devi ce by a wafer bonding techni que. For exanple, the uppernost surface of
the el ectrol um nescent device and the | owernost surface of the LCE can be
coat ed wistHalie thermal ayepdhspives inchide sMicerhaeryiato g nplysiterere faamslationhg, for

| e, SSi g I . d
exanpl € @Xam flié;srrog’ Sﬁ]?%olrlé f(ﬁgnégf acﬁl%gﬁ\\/lgplg;lcl?lﬁg S%@ggg%ﬁl?nceepsogyoly?ﬁ%%le{’rgﬁalg&%t €

surfaces ¢an b p anari zed and usi'ng’ a conninati on of
heat, prgesusers, wad &dryli®fesidde or nore chem cal agents. The 10bondi ng can be
i nproved by bonbarding at | east one of the coated surfaces with hydrogen
atons or by adbisomeicatystHel Gl ermbeatipshedyto ¢asugseansingclpqtipdyminessgier bondi ng

nmet hods . rj | N f 5 3 and
6, 563, 13 ,e%lafg Eglﬁdn\l]%ﬁlg%#ng }nsg tgéhéln(ﬁ%ﬁog%e X@%@%%’%ﬁ?ég Sag?‘(]aero%%%di ng" by Q
-Y. Tong dgutroldmiGesehtedelyibo hnd Wd 16wedn$0 s fachlfthéarKE cdiPBOdoatciSkith s diie

cases, a quantum or potential well LCE can have one or nore |ight absorbing
| ayers pridyareasidicy peotigl inogegnigdagtetials psing doi giapwple. i ghasmsAssitted of r om a

COr oS PONG 00 BhaS T BIHILACSCEN! VLR kil S LIP ARG R BEnARIBLRL O

| ayers are conposed of erials1n ogen arriers can

ef fi ci entioyidell fidings & cdrabinhorpoft teat, ipedsswe) watel, or 08 rAGS@BemidabadenghtThe
absorbinaE%ayers can include a sem conductor, 20such as an inorganic

sem Conddonding cpp be graroxed B, bombyydmstat Fragirons off dha Gogfed garfpes cxtheliiiregsal ude

buf fer | ] , r .
olectr of A or BHAAAME e Rk (% RUARERL Rhd, AWERS bonding mefidy are
met hod. Fescrébednmplfer cxangdenEOPdacttNys. 80ef.t 96| andiori@s cleas ardieviichgptamd/amd LCE

can be manuf act ur ed usiQ%,nnlequaL beam e itaxy‘&NBE), chem cal vapor
deposi ti off Cvppicondygter Valss Beadingpby &y Y IpRs 2@t Uy §pesle s &Vilsyi &axy
(VPE) . ET] ays based on wi de band gap I11-V sem conduct or
al | oys, éﬁ%ﬁ;ggpygpﬁigggkitride (GaN) can be particularly useful in the

propbsed syst dmsuink lcases ngqudawmm ocpotereial e, L& caehavheyic of fuood leghtl y em t
light in the blye to violet region of the visjble spectrum enabling
phot ol ARG EY T BRTREC Htsane CBrvtit BrGsqrhingiEht Garigh °§t#en 30 regions.

Exenpl ar y.,64 nﬁ%&@l&'ﬁ%ﬁfn’ﬁﬁé@%eﬁfd R é‘@a‘é@s,%s&%ﬂ% lﬁgé@gre for
by t a

exanpl e, t'he Dawson group at Strathclyde Uni'versity
cent er - t oopot@Et ofphdtetialofn whichipbotopencfaded Gongrs cet efflcignt]y Mafifusexte Addr essabl e
M cropi Xeplolteanttigfjwleﬁ]. nl\lsolfrilegcggésl,zt .etI}gih‘p gbsgb?gg isay\e/}ystcgn include a semiconductor,
20 such as an inorganic semiconductor. In some cases, a quantum or potential well LCE can
include buffer layers, substrate layers, and superstrate layers.

An electroluminescent device or an LCE can be manufactured by any suitable
method. For example, a semiconductor electroluminescent device and/or LCE can be
manufactured using molecular beam epitaxy (MBE), chemical vapor deposition (CVD),

25 liquid phase epitaxy (LPE) or vapor phase epitaxy (VPE).

LED microarrays based on wide band gap I1I-V semiconductor alloys, such as
gallium nitride (GaN) can be particularly useful in the proposed system utilizing down-
converters, since they efficiently emit light in the blue to violet region of the visible
spectrum enabling photoluminescence from the down-converters in the red and green

30 regions. Exemplary 64 x 64 microarrays of GaN LEDs have been fabricated, for example,

by the Dawson group at Strathclyde University with a center-to-center pitch of 50 microns

(Z. Gong, et al., “Matrix-Addressable Micropixellated InGaN Light-Emitting Diodes With
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WO 2011/ 026005PCT/ US2010/ 047077 Uni form Em ssion and | ncreased Light
Qutput", |EEE Electron Device Letters, 54 (10), 2007, 2650). The punp
array myweal2ea/theoobased on coherent, collinmated sourcesPSUAIS2@S/047077
superlum nescent light emtting diodes and | asers. Laser mcroarrays nay be
fabricated 5 using at least three distinct |aser technol ogies:
edge-emtting solid state | aser di odes (EESSLDs), vertical cavit

sur f ace- daifarimigmissioa ead (ngesmed }ishhRytver {FRR Elesiroa Mgaercd sitersy 54 2/1 0)

surface- g_&o? 6'3% | asers (VECSELs). One exanple of the last technology is

t he NECS Yo val ux, Sunnyvale, CA. In one particular enbodi nent, the

proj ection sysn% niiﬁa&fary Bedalkd ¢ baked anlconeadt, dd)ama@y sedrcelosmBagnverti ng
el enents based on I1-VI quantumwel |l (QW t echnol ogy. II1-V 9/\!5 are | ayered
seni condusPYIUTBINEYR! leahpiitsng giogpeschipscTy. rl@ﬁ@r%ucwamaw&ay be fadyigated oup” VI

of t?e ped’si %rda!t gera%ﬁ%lre]%ld?{/‘n% Qé%lh%%?leg ESxfob angm 5§ L wg{eq%%r {hodesn be

Sem conduc sev

benef i ci JEESBLDsE ptalcabg@pity @ﬁﬂfac@nﬁmttﬁigdﬁlseass(\mfiﬂl@prathjd%ftidéhextﬁfﬂ’edexanpl e,
QM can be constructed 15such _that t?% em t in a narrow spectral
S

band, whi@Hity surface-centiingdassrs (S Hs q&xaﬂ@éﬁ %fdh%kast erlyielegyss Bised on
sat ur at e%l?@{;ﬁﬁrf%g?ﬂh?eﬁﬁx (Sru?lﬂ:?fvagé feq, and bl ue, for exarrpl e) have a | arger
an I

col or ganu plays 1nc ng |l ess saturated primary colors. Al so,
for exanple, Ménbaueiceat élﬁh@dlmeﬁﬂ’lﬁfdpreyécmdm@fs&hﬁtchsdrlﬁedﬁmdm Diindahe or der
of nanoseconds. Short ljfetinmes allow for the use Q&é}aﬁ% wi dt h rmdul ation

schéhes taéraq&.ﬁép‘ém%mg@a%@éﬁr@%laﬁSF@ﬂ@ %ngW%gveﬂlr{ Aulegyadl-
syst ens \% a!r§ ﬁg&%&' &hféshql{c?o%'a%{?%&n}ﬂr g Glements E@ﬁlﬁdﬁﬁ@gﬁlﬁuﬁ@m of the

| i near a Uantum wells can ase r exanmp airly well
col I'i mat E(Glroup@ﬁeifﬁtﬁpdfﬂdlc&ﬁblebf el’EhEntemmst)edwﬂmwhemf the | i near array of

quantum wel | s can instead be s%erl um nescent, for ex npderately
col |i mated. TheEFRkroeemup I &Ws pehipit ﬁf*evgralarquweéélwt|C?1%P%aﬁle§élal

phot ol umlﬂgﬁﬁgﬁtaggfl%loﬁé%ﬁw @lcrc&}ﬁg}%%&d Hor e%(r u@t EHMcd h%@'o@ﬁ%t&'& cdThe type

of emi ssion contro device s ure and leve o punpi ng.
Gents al | ywucloghat thaly calitdighnisa nam\bepa&traﬂmddwbmhhMe ichergetcastictdfentutaedli r ect
nore of its i ht onto the scangl ng devi ce and through t he project

optics. TRMYe DBRIREDased ahwattrated paparncqlepdrsdegreey ad blycofarexppply) E%b‘te. cs"
h
can be S%@%ﬁ%@ﬁ%@@ )}f,?zﬁrz%gpnl%;s mﬁdfﬁg s?%%tﬁfat&fqrgrﬂiﬂz%mo% edishi @ht and the

optical system geo m ght e per structures on the
em ssi ve dxaogle, QWishavmeantmalytshos excited-state lifetimes on the order of nanoseconds.
Short lifetimes allow for the use of pulse width modulation schemes to generate grayscale
20 brightness values in scanned imaging systems with limited pixel residence time.

The emissive output of the linear array of quantum wells can be laser-like, for
example, fairly well collimated, coherent radiation. The emissive output of the linear
array of quantum wells can instead be superluminescent, for example, moderately
collimated. The emissive output of the linear array can instead be photoluminescent, for

25 example, Lambertian, incoherent radiation. The type of emission can be controlled by the
device structure and level of pumping. Generally, optical elements can be disposed on the
image emitter to direct more of its light onto the scanning device and through the
projection optics. These optical elements, herein referred to as “collection optics” can be
selected on the basis of the character of the emitted light and the optical system geometry,

30 and might include periodic structures on the emissive face, frustum extractors,
microlenses, graded index (GRIN) lenses, and the like. Exemplary collection optics are

described, for example, in Published U.S. Patent Application No. 2005/041567 (Conner),
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m crol enses, graded index (GRIN) |enses, and the |like. Exenplary collection
optics are described, for exanple, in Published U S. Patent Application No.
2005/ 041560 20Comoms) , WO 2011/ 026005PCT/ US2010/ 047077 a&nd/usk&io/ouT71. S.
Patent Nos. 7,300,177 (Conner); 7,070,301 (Magarill); 7,090,357 (Magarill

et al.); 7,101,050 (Magarill et al.); 7,427,146 (Conner); 7,390,097
(Magarill); 7,246,923 (Conner% and 7,423,297 (Leatherdale et al.). FIG 2
shows a ;?éﬂgliﬁ@dﬁ@% RAT%WNQE A Qﬁbﬁe@oﬂl@@r)s@%% 12@@)&@@&:1&7@‘?99@3&70 one

S5parti cuI ?T?%rbt shown in
FIpG 2 corr &5 g%gﬂt EPSSQ éﬂﬁfﬁgﬁié {ﬁk neefg émnﬁag%ﬁ}é) ’141
shown i n 7243, 92:3 (Wﬁhé‘rPL éﬂawelzbmn (degbérdbedt §J1r)eV| ously. For exanple, the
descrlptlon of first |inear array 110 in FIG 1 corresponds to the
description offIf gshows ﬁe@rﬁp@ﬂw@ylemf 4 proferidn systeahg0&escorlinglognsct i on
system 2 r o] [ I f. or

ul>/t r%w ol %{Mf%{é%&ﬁ%‘fn% dfh}otg%{gl ?aga %’gtrl%é [%%?e tS%logﬁc}%%gwg lggc@bﬁzd nmonol i thic
| i near ardoayspdad t@fhegi’ewi.ptlloh-o‘ﬂlké]-uaﬂlbUﬂ&’d\bﬁirﬂenrﬁ'lllt()mMmha%dﬁ AGeniviliers. I n
this enbodi nent, for exanple, emtted first blue |ight 215A becones
downconv diveleanalcsenitadduegeshn dEgresample; gﬁtdemﬂoaﬁg fisstilinga ey ddp il ue
light 21 b r I [Fols 8 5C, after
pagm ng ?ﬁ?}ozgﬁ%@"gﬁ%@ﬁﬁﬁﬁf hgtﬁor&a@f%ﬁﬁe m?&%%r@? %Iaglg |%§ht 215B
passes 1Fiseotioresyiseth 200 duldesefinnthohbhthay lirgar ayay22i0), oflideodd uigawdslict t ed

second blue light 225B. I n sonme cases, the emtted second blue |ight 225B
canl®ri séEDWH@M@@M@#&I}@@ﬁH@PO@%MP tarsamnéﬁ%qnomh%lm?a@ﬁfray é¢0 a%g@ﬁbwn in
FIG 2, ugh an
opti cal ?@80 alp[&&ew‘lfﬁ soe%onﬁsg%gﬁ&%?qn Iﬁﬁpellé) %1%%52\&%9

225C, r esfpetdiluelbgh@zlﬁa%c&ﬁéMm@hnMddltmmm ée@cﬁﬁb@re&ﬁﬂght n26Atandnal

col limating tics arra and are scanned al gng. a scanni di rectl on
241 on i rﬁé@gefgf &héluzmh@% E@aﬁﬁﬁ AVBERNvered to g sesard rqdﬁlg%r

scanni ng o] r 231
rotating a‘%} h@&%‘ﬁé@iﬂgp%éﬁ?%hﬁéhﬁwgtF%ﬁtte%@&cﬁlﬁgﬂ%g{%ﬁ )iﬁiéhl tabl e
scaihi ng wpbdmeatied direugintecomhliber used?2@decesiap icheitedelcs@uwhidneligitPASBul |
color image of "ni' columms by "n" ro an be generat ed on ima | ane 240
using a e s <Be et e bl %ﬁéi@ can oise o) id ﬁan@w%ﬂl%@f?ﬂls each
of red, ] i ,
cach en L e RS Wt ¥ s Buh AEEIG T SRR Lot L Sh ! ARATL IONE,

out put | itghsmaedrteopgndn optidabwitdew.ni' pi xel values within its row The

1-axi s scanner_then scans this |inear attern through the erture
Erm}‘gte secong green, blue, and red Jlgl%s %22% ESSB 225C, r¢ pectlvely?gass

20 through collimating lenses 251 in optional collimating optics array 250, and are scanned
along a scanning direction 241 on image plane 240 by a scanning optical element 230. In
FIG. 2, scanning optical element 230 is shown to be a rectangular prism 231 rotating about
an axis 233 in the direction 232, although any suitable scanning optical element can be
used, as described elsewhere.

(12

25 A full color image of “m” columns by “n” rows can be generated on image plane

e

240 using a first and second linear array (210, 220) having “n” elements each of red, green

and blue. Within the time period of a single image frame, each emitter in the first linear

(13 2

array 210 can be driven to sequentially output light corresponding to the “m” pixel values
within its row. The 1-axis scanner then scans this linear light pattern through the aperture
30 of a projection lens (not shown in FIG. 2, or in most subsequent figures) to provide a full

two-dimensional image on the image plane.
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300f a projection lens (not showmn in FIG 2, or in nost subsequent figures)
to provide a full two-dinensional inage on the i mage plane. WO

2011/ 026096RaT/18HO 10/ 047077 A full color imge ofCTmS2@olowrons by "n"
rows can instead be generated by "swath scanning" on inmage plane 240 using
a first and second linear array (210, 220) having fewer elenents, for
exanpl e, "n/k" el ements each of red, green and blue. Wthin the tinme period
of a single i mh§él elamimage o€ Amaeplumes byint Wﬂamstlst@qdﬂwnarrat%b waths

driven taq uent.i al Lo n 3 val ues
Wi thin i tggr?no'\?g &I]qnn%§ é&aﬁgbggggﬁégﬁrﬁeaﬁdssgczoﬁg hﬁﬁ r'Itgrgear’ g%atQ' ttern

t hrough tfbecigemtnts,gooExadnpds, ThaCtel difenksLdush oNdd, gleerand BluEIV&lthﬁl, th@FfindeN nost
subsequent figures) to provide a partial two- di mensi onal image on the image

pl ane. | reagdiof p sweteomage frapgsgach ermtterim diedingidincgr #raol 9es dri¥emiy scan of k

subf anes, mée\tf\l/g_ﬂtaﬁ}é 5&?&%{?& %Lllre%pgﬁl(%ﬁg ftJ @1’3& )hetl %@@& Q/%hlnq?sgf%wy\oll’ﬂedl 885

witten i cou e acconp a scanni ng poly

m rror ofschknrfeatiRhScansithil hﬁeecrhlgfhapa&terﬂ thrdeth the algd"mlreyoﬂu plojdcasp anb (ﬁ(Q [ ts
neighbors so that the overall QiOge could be written, - A full color
i mge of Shﬁwn@bﬂﬁm?s opip mpst swbmgu Aigprest Wauode gepdiphtvetdmensiopler | aced

scannin g %Q? bquﬁgﬁg%{léﬁg ]@géﬂtlgﬂ tdath]fd fa%sc%ﬁ Qheﬁr]? %ﬂﬂi Alé&@@% sl@lf;vrs%Xn S@ 10,

220) havi'n ewer exanpl e enents eac red, green

and bl ue.k s\ﬂbifﬂahias athhetht onerap émbgdfrahe, aoshangieamalgag&)utdl@amnttaammv&mhst ter in
the first linear array 210 is driven to sequentially output 3
cor Fespondingeulé be h@omahslgﬁde@ A SEANYEE PRIYERR AUFreisofy etﬁ‘ﬁ’élﬂieaca &tscanner

then scang EQ m%ht§&ﬁ_ﬁ&fsbé&% 1t£’ﬁ&1§ﬁ6d} sBrt@zHQllIE 6%%1?1’919%%@@&% Within0) ection

| ens (not s I hemost su sequent to prOV|de a
partial two- diAréulbsecdoaimagtademdvoluhmsibpage rgl . indteadashdichearedtby t hi s f ast
scan, there mnuld al so_be a slow scan of 2Qk subfranmes within the overal

i mage fr anderiacsd sraninghoniipageriBul ) Beng it éhd coRd HagS 28Y feldh 2ithe

em tted hﬁ@{ﬁgfe@@ﬂ ohaHs do é’x ﬂﬁy‘f@”ﬁh& LY cath §F R %{%Sn Rl ¥id ”WE‘EH ror

havi ng a acet T t'he pol ygon smal an int "swat h
scanhing%hd&membhedobaamghushm:ﬂmmekhahemh&rmy&méhm1hmmgannﬁumdsbﬁvmw|tten
ininterlaced fasg}t For an inteyrlace factor the lLinear emtter

woul d nedf SSBITRUHEL OBt dighheqirosponding othni Pt"c??’é@}l?%‘t‘ﬁ‘rt]é‘nt“ﬁé?walT ¢3-colors
are written ool %‘ﬁ s tfulggmﬁ%rr 1%@(1;@Bﬁgelngthrgugﬁnﬂgvﬁp&hﬂgBPEPﬁIQ)Eéchgn Yigw of a

pr O] ection syst em 3 accor
(not shown in FIG. 2, or in most subsequent figures) to provide a partial two-dimensional

image on the image plane. In addition to this fast scan, there would also be a slow scan of
20 k subframes within the overall image frame, so that the image would be written with gaps
between the emitted beams. This could be accomplished by a scanning polygon mirror
having a facet-to-facet tilt on the polygon smaller than in the “swath scanning” described
previously, so that the overall image would be written in interlaced fashion. For an
interlace factor of k, the lincar emitter would need somewhat more than 3n/k elements, to
25 insure that all 3 colors are written into each of the n rows.
FIG. 3 shows a perspective view of a projection system 300 according to one
particular aspect of the disclosure. Each of the elements 310-341 shown in FIG. 3
correspond to the description of like-numbered elements 210-241 shown in FIG. 2, which
have been described previously. For example, the description of first linear array 210 in
30 FIG. 2 corresponds to the description of collective first linear array 310 in FIG. 3, and so

on.
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particul ar aspect of the disclosure. Each of the elenents 310-341 shown in
FIG 3 correspond to the description of |ike-nunbered el enents 210-241
shown i n WO@o1122600ki ch have been descri bed previously. FPoT/usz@ophm®;77t he
description of first linear array 210 in 30FIG 2 corresponds to the
description of collective first linear array 310 in FIG 3, and so on. WO
2011/ 026005PCT/ US2010/ 047077 Projection system 300 includes three
separat e firstPrpicaiéen syaterngd) meludes tBicemepaplg fmstlmeapgrays Bl bas 3 MB. £nd st

et et AL A5 MBS Bt 0 A0S IR SRR .S

LEDs, andn$@GOoRblid @de gahéded Ibbfa Eiad hlaearaamragrsn ax indluding iGaal bive DEDWS. | N
anot her enbodi nent, 5blue can be generated froma first linear array 311A

i ncl udi n@nééﬁpqyﬁtlmé%r a3 2L Arsgn e 2 aity eferticaindews) Invpnaiesiembedipediter s i n
Secoé.'d ! ' ea&mI o é%iﬁrom a first IN7e&S a@raﬁg’n lgeinggﬁ'lﬁé @a?\fjulhra%%'le?&ﬁ;?é%ltﬂ I near

array 311Binc reen L secon near array can be an

array of1ﬁmgnﬁgﬁnmﬂhd@WBwnkbnaﬁﬁi@EMmaﬁhnﬂmaﬁmi%ﬁgneen can be generated
froma first |inear arra 311B |nclud|ng GaN bl ue or ultraviolet 10LEDs,

with |nt egral Gicsupan cgﬂne@mnfr%ﬁ\fgﬁtt gcar gy | | RdclvdmereaNyeisen LEBS. from a
fi
st gr e%nd%eg’r]a]rgy 3@?13%‘3 'Bga gggégf)?ﬂt?cqu e})vs.e%() | manﬁ],bor edﬁ.‘%'i, array

321C can e an arra optlca n ano Can be
gener at edgréd’rpdﬁhii)efgleﬁ&hteﬂlﬁl’dﬁaﬁ fiawt ﬂlayar&iﬂa@ﬂ B linudidigg GaN tdhidier Wiraviblet avi ol et

LEDs with integral 11-VI down-converters 321C. Each array can have

col I®cti érﬁ%tvw@sm@stﬁl geund YA dpparosy tskihes B Red gy beeenpstedssm gdtstt o a
common 1-jgxi s, 3 Q&Qgﬁ%&@%ﬁbaﬁiﬁ%ﬁ%ﬁ&“%d {%fcé?n& Pﬁeapﬁﬁg;fﬁél'c@&dt?e%

aperture not s shows "‘a perspective view of’ a projection
syst em 4Qfragad opﬁharh gnmdmvfsn dn [aaastheroejhtwdlraanﬁmﬂ cafi bt hencditsd frosi Brst aeh of
the el enents 410 441 shown in 4 correspond to the description of

| i ke- nunisEREd | & dndndiag %@uﬁi O%W&%wl% LEDs with infgerad Al- Y dawcopesisrs
descri be%z@be‘gﬁ gh' X}{:f &%av@%@ffwtﬁn 0 ggs %%58{141&%& 64y é?gevﬁl%lré ?c?f)ﬂlﬁclﬁe fs' r .St
1 (0] C

linear array 3 correspo sto't escription ectlve
firsi |inesputao s aymd liaxifFdc@nnidg optich] slenent andisin®hthewprdjectioh Gnsdpeitine t hr ee
first Ilnear arrays 411A, 411B, 411C, and the integral second |inear arrays
421A, 421BOthOVR)” ar e di sposed to inpinge onto the

FIG. 4 shows a perspective view of a projection system 400 according to one
particular aspect of the disclosure. Each of the elements 410-441 shown in FIG. 4
correspond to the description of like-numbered elements 310-341 shown in FIG. 3, which
20 have been described previously. For example, the description of collective first linear
array 310 in FIG. 3 corresponds to the description of collective first linear array 410 in
FIG. 4, and so on.
As shown in FIG. 4, the three first linear arrays 411A, 411B, 411C, and the
integral second linear arrays 421A, 421B, 421C, are disposed to impinge onto the
25 scanning optical element 430 at slightly different angles. In this particular embodiment,
the images can be electronically advanced or retarded in time, so that the colors are in
register on the image plane 440.
FIG. 5 shows a perspective view of a projection system 500 according to one
particular aspect of the disclosure. Each of the elements 510-541 shown in FIG. 5
30 correspond to the description of like-numbered elements 410-441 shown in FIG. 4, which

have been described previously. For example, the description of collective first linear
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25scanni ng optical elenent 430 at slightly different angles. In this
particul ar enbodi nent, the inages can be el ectronically advanced or
retarded WO 20ime600s0 that the colors are in register onPChaS2eme®eropt ane
440. FIG 5 shows a perspective view of a projection system 500 according
to one particular aspect of the disclosure. Each of the el enents 510-541
shown in FIG 5 30correspond to the description of |ike-nunbered el enents
410- 441 ¥ 100 FIG 4 eprrospangh thihgelchrmtion o eolidsene frelinenigryy SEdim exanpl e,
t he descqggtso Sod%ollectlve first linear array 410 in FIG 4 corresponds
to the descrlb on of collective first linear array 510 in FIG 5, and so

on. As  shoydwinlin FFIG:. 5,3he thig filf Bxeeaf b Sfs JlilAear IBrIIaysarailthd, 511B,
511C, and the integral second | i near arrays 521A, 521B, 521C, are each

d| sposed pGLTaRCABS liBerr 81y S5 Bl AP hBeS HiCo Brctash fisppisd 1 GBIIAZE SE0B, 561C) in

dé r eggslfﬁfﬂ' t%gi&é&cf‘gll H?LT?F?Q%?ZSQIB ISQSlEb % res (H{e%ﬁﬁg ﬁflcaﬁ Ql%mght OOIIﬁ P%r rors

561A, are SO tha he scanni ng

optical ¢, esdndf tﬁéﬂ’lcﬁﬁmcemﬁﬁm (i’d‘i 114y 56hB, FH a&ﬂﬂlspbsed S0 that I@Q Ra®fmpihge
enbodi nents shown i n FI GS - can instead use a first |inear array of
seni cond it tBe sq%@@@@pﬂgﬂ@m@t é%O atrgsegntighy Bgememnglci ng GaN bl ue or

ul travi ol et | aagp o}l @ARSim AR, UL Tk b 192U ALLAY u01 o BLERRLALUI, nescent

devi ces, as descri eat “managenent can be provided by
separ at i af sohidohéudt@sederyisaeheaspiirgpragiof ayge-¢miting GeNdlaLgr dlfravbletfassrt um wel |
arrays. In addition, optional c¢ollimation optics can be _used to focus each

| asé]  purfiodssain thafikst iltl%arraé@beéﬁwéolamcmr deyices) gyfsagribedlscahpsei ment s
where t hei?e%émedt}a(ﬁggéﬁ&ttc%r BEpRvIle By sﬁﬁ‘%&lq‘gﬂ 9k ﬁgérg% odet iR rﬂa"&@y be an

addi ti onal consi derafion ue output”t he W hdows 1n 1t he gr oup
[1-VI | ayfesm ieygrbep 11eV] quaatun watleeaynini aldéltltohgaoptmda]aamdilngat&m*omm patt bd r om
the group Il-Vl down- converters. If necessary, collection optics could be
f ashi oned'SEGAOEBIRSAAISE PYHTR beam P@Péﬁé@speetﬂveaﬂrt)@? Ha¥iglemgnt. o diffuser can

be di sposed i r130tr RELBHRAE N PP urnﬂff' isPhOUR b be ylbhf&qgéyr 4 éigglrh JtRYE' -

20FI G 6 shows a perspective vie a projection system accordlng to
oneljpart imay by amataietdnnabéortshmwiioﬁcﬂsms wogput thineugh thel géndemistin ilrgeregmilevhduct or
| asers are substitut or the electrql um nescent devi es as descri bed in,

d
for exanpgher nayde vl Fw{lmmd kst wed end gresy st 5001 ¢ ﬁgmaé% Vidpwa-
separate cfoh(nﬁ% ré 'If‘f?@b"essﬁég g%ﬁec?JJl]rAgtl%%ﬁld @%&8&&8‘&:&%&3&1&11& n this

particul ar enbodi nen I rst ear arrays 611A, 611B
difference, or alternatively, a diffuser can be disposed in the blue window in the group II-

VI quantum well layer.

20 FIG. 6 shows a perspective view of a projection system 600, according to one
particular aspect of the disclosure, where edge emitting semiconductor lasers are
substituted for the electroluminescent devices as described in, for example, FIG. 3. In
FIG. 6, projection system 600 includes three separate first linear arrays 611A, 611B, 611C
of emitters 610. In this particular embodiment, each of the first linear arrays 611A, 611B,

25 611C are linear edge emitting laser arrays. Each of the other elements 620-641 shown in
FIG. 6 correspond to the description of like-numbered elements 220-241 shown in FIG. 2,
which have been described previously. For example, the description of second linear
array 220 in FIG. 2 corresponds to the description of second linear array 620 in FIG. 6,
and so on.

30 In some embodiments, such as, for example, edge-emitting GaN green or AlGalnP
red laser diodes, the first linear arrays 611A-611C may not require II-VI down-converters,

as described elsewhere, in second linear arrays 621A-621C. For those well collimated
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25611C are linear edge emtting |laser arrays. Each of the other elenents
620- 641 shown in FIG 6 correspond to the description of |ike-nunbered

el enent s @OQoRAR6®ROowWn in FI G 2, which have been descr pbgdspriewismas| y. For
exanpl e, the description of second linear array 220 in FIG 2 corresponds
to the description of second linear array 620 in FIG 6, and so on. 30In
sonme enbodi nents, such as, for exanple, edge-emtting GaN green or Al Gal nP
red | asercodirpdexscolicgior pptins befoie e sa%n@ymlgimsm&q%@y cHenatesgdilyoe |1 - VI

down- CONVGH GLf o ASGHINEH SLARIAGH Sr M ReCoR LIARHALE R 8214 621C

For those we ors, e coll'ectron optics € scanner
m ght be Biynd édsiced or elimnated. Also, with well collinmated em ssion,
conbi nation of the three colors within dichroic mrrors nay be easier. FIG

7A and FI G 7H16hddy aadddGe MR shew giseigmiticyiqy of @projesHon yetiam’998andnd 5
700 t] : ing, t , ' f i .
G[S?S@Q_%,]lééﬁéecéagﬁg%%%{)ﬁ%to o%e%’&ﬁlcgl Etagafetd{ 8¢ th@IREGEuR! E)ﬁs fﬁ%@gbgsur €

I n sem‘conduct asers are su or the

el ectr ol wiboesieng saicosdstorsasdsses kibsdtutdd, fof tic ctocadhinginedebid dedicangs FI G 5.
In FIGS. 7A-7B, projection system 700A-700B includes a single first |inear

array 710csfrikedde feneemnig V- 4 aadF1Gidodad16817A178, progetipn SySemdREAL i near
array 72%0}3%&1%&% &19%@ il 'ﬁ¥9&%¢a€{ag 7{6 %ﬁ‘g%%aegnni]ﬁﬁé W’laskf’&%ese%@”p' e, 11-Vi

guantum wel [" superl ummescen ser ers. SO In FIG 7A,
second | i near Iami@y7XA2&8ondidhdad @saya7eC nchides aswencehvepietsor? 1 A2B84, caamd, one of
a semtransparent or _an antireflection front surface 722A In FIG

7B, 1 he decswannle ALY qapHey wIbBPPHENNGESHYWASE SAYEFREES. 7918 St can Dbe,
for exa , Mt - i 1L l\unj emtters.
Al so i nml);léjﬁIS&eloer‘l?él,n%?ﬂhaer&g\gggﬁdlh{;lﬁ%esa&%?isgl;ﬁ%ge?%éégh g&?ﬁcc roi ¢ back
surface 7R2dBraapabhterah apasslicctepndvodtisgiticedi2dAr ef | ecting visible |ight.

In the enbodi nents shown in ut of the I1-Vi

FIG 7A and FI G 7B, the out
quant um wel | 118fd¢- 78, the pegoad ﬂl@@anarrﬁéé’?()%ﬂmégﬁe?zlewmfepwf%wlr%?hab@@élnp| e, a

red beam25A, r -heam.: E : o] red,
orsen. ars” b oxfpBEoeRgRRLAhE @findy Relt SRR ERE ARG SRR, T4,
sup&s | uniFi6s @Bnthelsegint linBecatas 20Bandlideyla dctirsgitaonk swefavow2dBich@ible of

collimated, .versus the L ertian em ssion from photol um nescent 11-VI
structur é’é‘,ss"t%gvc]égl}t%@F%ﬁtgtﬁ‘b&}’%@leﬁé@mbe sinpler and/or nore effective.

FIG 8 shows Qn%éﬂﬁ%%gﬁﬁéﬁ%gﬂﬁ PAARGHEOARSYE LEHEItne BEEPr ding to

one particular aspect o osure, where edge emtting sem conduct or
| aser s arqgafnguiwsll idyat B8d facallet hecag bherey 729 includers éntexampicc & seddsanheBSA, bed
in, for eaxgalrgyrl ‘t?e’amFb%B,%hd Iar‘t])lue beam 725C. Each of the red, green, and blue beams
20 (725A, 725B, 725C) can be ecither laser light, or superluminescent light. Because the 1I-VI
emission is now better collimated, versus the Lambertian emission from photoluminescent
II-VI structures, the collection optics may be simpler and/or more effective.
FIG. 8 shows a perspective view of a projection system 800, according to one
particular aspect of the disclosure, where edge emitting semiconductor lasers are
25 substituted for the electroluminescent devices as described in, for example, FIG. 5. In
FIG. 8, projection system 800 includes three separate first linear arrays 811A, 811B, 811C
of emitters 810. In this particular embodiment, each of the first linear arrays 811A, 811B,
811C are linear edge emitting laser arrays.
Projection system 800 further includes a downconverter array 820 that includes
30 three separate second linear arrays 821A, 821B, 821C, that can be, for example, 1I-VI

quantum well superluminescent or laser edge emitters. Each of the three separate second

linear arrays 821A, 821B, 821C includes a back surface reflector 723A, and one of a
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FIG 8, projection system 800 includes three separate first |linear arrays
811A, 811B, 811C of emtters 810. In this particul ar enbodi nent, each of

t he firstwbDizoeznem@sr ays 811A, 811B, 811C are |inear edgecCenisteiongroraser
arrays. Projection system 800 further includes a downconverter array 820
that includes 30three separate second |linear arrays 821A, 821B, 821C, that
can be, for exanple, I1-VI quantum well superlum nescent or |aser edge

eni tt er s.SCERiEdspArentins apjgpistlsetinay fzens suideesnd 2, piadlar iy thgpecopd lincargprey 821C

2011/ 026008 PCH CSU 1) 8475 7 ey PR AR LR Bk TR UG Bon ¢ ont

surface 7d2Rsponidd tiRrdeb@iptida of kentdmberefentts?25/@NAGRAGH FDERD, iwhif G 7A.
Each of the other el ements 825-851 shown in FIG 8 correspond to the

descri pt ilgie Been dreribpdrseriewle | Bareragpbp hieakscrgtigne! pernming opgcalghinedt have
been; descyyi revi , scri pt | 1§ ¢ i g optical
ol ornt - G080 T KPR Bl RIS o R R e 3 R 8 P

el ement 83dsblnFl G 8, and so on. In FIG 8, appropriate optics (not
shown) may be needed to nost efficiently focus the (gt'uorrp beans to the 11-V

| ayers, as ded@dilfed BPapiintraptics fohphaamayaancededio e stickmtly focus

super | um 1 SS|on f | .\ : shown, for
Toexampt &1 P pety B hgR-PLATLR e ek B ot B Feu® P TORE: peans
from a sidnghodirhdnt, Mpeidiimhmysosatidiskion frosi thg lfece @bty IT{\ddayes lad si@adifbly be
understood by one skilled in the me enbodinments, the three

h t). |
sinf e corample HeRIG. aﬁr%v@eéawtﬁﬂﬁgqq @@%F%r&, ieé%ﬂgt ﬁlgmhﬂ}ae%rm framer dngledi-ng

o, 61/ 0072700 e b 2Be o5 FRRHR e el ARRGEH ARETE O,
4, 2008. The ITh-s¥ine gudotinmonie tHeshearingl: dohdirlincat @ehywichiningiude sunidhing

distributed-Bragg reflectors &DBR to formVCSEL | aser cavities that can be
opt i cal | FaBlnPpEERCEFmatiaglasgs( Cssﬁéﬁi,éﬁ sheavie ferigeAPIca gl S PR8N i near 11- VI

VCSEL ar f@yp} @ orPSerfi RREH1 /05 £7 Mot F\ﬁitfeﬁ%ldﬂ’E?MPlf@i%Sﬂi §6?JRE€]§ 4 fiRg from

the front se enbodi nents wou also yie inear array o aser
out put, ams Stpesntichd, 2elge-Thwrili-MlngadtimWellsaae be Caseated wAthstuaonndihgr exanpl e,
in FIG 7B. ticul ar ight is emtted from

the t abulditribaesBreae Tehee o 119131*52@ &%%ﬁ@%@%ﬁr '%ﬁ%?tfqr%é‘lwé&@%@ ORi@ly9 shows a
per spect ieh el BY aQluitblPSRIrRE WaQBIAYE IR OB ARGPINTYCKRLAEyY may be
pumped from the rear by a uv laser diode array, or from the front. These embodiments
would also yield a linear array of laser output, as does the edge-emitting II-VI laser case as
20 shown, for example, in FIG. 7B. In this particular embodiment, the laser light is emitted
from the tabular faces of the II-VI layers, instead of the edges.
FIG. 9 shows a perspective view of a projection system 900 according to one
particular aspect of the disclosure. In FIG. 9, the projection system 900 includes a
scanning optical element 930 disposed between a first linear array 910 and a two
25 dimensional array 920. Each of the other elements 930-941 shown in FIG. 9 correspond
to the description of like-numbered elements 530-541 shown in FIG. 5, which have been
described previously. For example, the description of scanning optical element 530 in
FIG. 5 corresponds to the description of scanning optical element 930 in FIG. 9, and so on.
In FIG. 9, the projection system 900 includes a first linear array 910 that includes
30 electroluminescent emitters 911. Each of the electroluminescent emitters 911 can be part
of an array of ultraviolet lasers (for example, edge-emitting laser diodes) that can excite

multiple pixels of a two dimensional array 920 simultancously. For a given m x n image
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particul ar aspect of the disclosure. In FIG 9, the projection system 900

i ncl udes a scanning optical elenent 930 di sposed between a first |inear
array 9lOowerndiizo26088 25di mensi onal array 920. Each of thecCotusesioskm®nent s
930-941 shown in FIG 9 correspond to the description of |ike-nunbered

el ements 530-541 shown in FIG 5, which have been described previously. For
exanpl e, the description of scanning optical elenent 530 in FIG 5

cor r esporfaarik gnd pe agas et ikptindapeadently angrutgedlasirsdhe dyty epele fordbe pyerages, 9,
and so o 8l & near
array o0 e Tush S 6B SE SR B SRR 9GS i nd (e

el ectrol tpﬁenesaﬁrﬂ)r £piofdeasdsinfid, Laghoba IPFIG. DfcadtNoBthe alec@blutifdsasht ol et
| asers (for, exang edge-em tti | aser dlodes that can excite multiple
pi xel s ofenytteipd] mrﬁﬁéir@}rimeara%rrae{ﬁql@me mdﬁmn@alhtésom@fi@late#é@r da@vgl AR x n

o AT SRR FHEpHAPORMOA LallBA it 130 088 RES Y al¥imodfarcd 1 (o

to as nuahmaBankb(diK Ar.acrbRé-sove 8cunk €fop cemmatll.ahs tifst bicEM?2 formgeoht drghtingss and
pi xel count for a projected inage, As shown in FIG 9, each of the
el ectrol Mthescent emitters 911 in the first linear array 910 are

i ndependent |y I Q%ﬁﬁﬁ , t pixel
942 to a scanﬁggﬂgﬁg&%?%i (59@¥Qj§ﬁ> é%%%@%gg %&% S|&§fyggg%%§Iy for
across-r tha@@a() padsfthrough araphing dplflealfdle’r_ﬁént IQBOI (53] 0194:211& pudp agtoma sejodd,pi xel

9441}9 irst, a second . and a thir ﬁ}} beam 925A, 925B, and 922C
fromfi rsatnd|a1thlé@xﬁerawwcm@%%@gert%&&&f%s8%1 iafg 98 hr Eanes iBfEAt 930 to

Pt i cal | VB Lk sbag 8 RAN rIA QAL it Nl SRThGROIEROE Ul L] ayer

stack 92 arranged 'n two nenS|on arra As seen
in FI G Sectsmgubariprigmo)Rli roakting i diegttiod 3@2 amnnbaxia 938 cd @aagu:hdr offthe $imt,931
rotating in direction 932 around axis 933 to scan each of the first, the

second arific 835804 A e thighligly dspmng2sA, 9%952% Bnd 3¢ ebope aéP%iH’gn%ldlé?Pélﬁﬂl A
directi omddly ofs o?ﬁ%m&ggﬁeaﬁk iR doveithe lﬂgt o fb'ﬁﬁl \rt}\{bcong)r example,

t wo- di nensi onal array or exanpl e, rst se ctor
mul t3 | ayehe ftsasdmicOzductdrsmyptilapedstako®n s Iaiﬂlpedfseqnmnhhléy friorsthe first @ixe942 t o

e P o LonI USSR, A BERISE" . 001g 20 con 500
e of OnTy o Ep k! Eued hg}ﬁ%ﬁ%i‘?%éﬁhﬁ%l S not imted to that case,
For exanpl e, fInrose eﬁﬁbbdm&at stemwmaiy F3G09 andh ssantiodginalut arcay adelressesine930
could be I{n%to only a smg etcglo{r oevee%r E:?Gt 9V\g not limited to that case. For example, first
20 linear array 910 and scanning optical element 930 could be rotated 90° with respect to two
dimensional array 920, so that each laser diode excites a series of colors. Also, the pixels
921A, 921B, 921C, can be square shaped, rectangular shaped, triangular shaped, or, for
example, hexagonal shaped and still be addressed by the linear laser array.
Scanning of this linear array could be accomplished by well known 1-axis scanners
25 such as the rotating prism shown in FIG. 9, or rotating mirrors, or resonant galvos, or
MEMS mirrors, as described elsewhere. It may be preferred in some embodiments, that
the number of electroluminescent devices 911 be comparable to either the number of rows
or columns of the two dimensional array 920, that is, that there is a modulatable element in
the laser array for each row (column) of the display, and the motion of the laser spots is
30 purely across the columns (rows) of the display.

It is to be understood that the projected downconverted light scanned along, for

example, path 981, can be projected onto a screen 980, or it can be used in a near-to-eye
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di mensi onal array 920, so that each | aser diode excites a series of colors.
Al so, the pixels 921A, 921B, 921C, can be square shaped, rectangul ar
shaped, twpangul2esshaped, or, for exanpl e, hexagonal sikrapas2@0a4mril| be
addressed by the linear laser array. Scanning of this linear array could be
acconpl i shed by well known 1-axis scanners 25such as the rotating prism
shown in FIG 9, or rotating mrrors, or resonant galvos, or MEMS mrrors,
as descr | hadayerrsuhgiatisplay etppﬂﬁgnomé (mrt shevmedhe plestopfsmaresesdt paitoss 9tlhesn t he
nunber of. el ec | um . devi 91 l.e t ' r..the nunmber
of rows C}Irla}:lg %J%%se%tﬁ§§%5%P\§\18g§%’ I\rr/g\%ss,ﬁi% héﬁ &g?rf%@g@%&df%a@p?@&@ﬁ%te tfher eis

a nodul atprbtomiclagtivedndithe tike thased basuffiyichoy calfifhatddnd cEainvdng p@hpd. he
di splay, and the notion of the |aser spots is 30pure|(ﬁ)9tacross t he col unms
(rows) of the KHGspP shows a perspectivg sieppiigeroisetianstysise 1HPRtaceerdingrtpjoaet ed

ont 0 5 sarasn HaaBftey SFAPREI ST ElT PIRTRY Bey Bl ko0 RlRS o1 o) ect ed

e used I1n"a

2011/ 026005 M ¢ &SRALELMASTON0B 0 disppscaybedi ccntanst eleapll@tinapeht éatideortd 0( not
shown). The el ectrolum nescent emtters 911 can include edge emtting |aser

di odes, \iedptyo dimersienat armpk020n Sioarning optigsé PlemenhEB0sne be prreralicd | atti ce,
and the | dkrind flyoia0s Bind ok LEIIE VIPRIOABLAGANh 2CANRGH: A3v@UTPS.
em acc

FIG 10 shows perspecti ve vi ew a projection sys ording to
one 5 parMEMS mirr@sRacivo pblylgbe ndlireslrogiting in dithdgoal dikkctidbhyeThe his@dighon
system 1000 i.ncludes a scanning optical elenent 1030 dj sposed between a

firsd el dpicpyhusinsiatagst clsydagcthoarovilna separate aenusionantisiaedudgteay 1020.
oot ; | AR |
canni “gosgﬂéﬁr&% sg{ @%p{eﬁ%\%ﬁ%ﬁ d%ﬁlggpugﬁ%gr L LieGr RE DR BRdehts 1%%65

usi ng, exanp evic as resonant gal vos,
mrrors, Iodlshovipal Fighn Ornorregioad t@thatdesgiption of tikogombtrediclcathis®29-94The
| aser light 10Qintensity is npdul ated, either directly or wwth a separate

acoust o- opPE b e Satrdiich hays SRebsGEPsA RiFYIRUL e PRI arP s theedescHEIoN®T punped.
Each of t : : - i : g th
dgg cr iopt itgﬁ ﬁgﬁ%@h %ﬁ%ée@e% C%@;é %ﬁlﬁés@%y@ﬂ&%%%“ﬁ“&% &Sg%a?:ﬁ ha\e/e

beehS descrtapd@2pireFiGaud| ynd dearn. exanpl e, the description of two di nensi onal

array 920 in FIG 9 corresponds to the descriptjon of two di nensional
15array 1020 ilf oBf @artipplar ﬁogale% they f?%ﬁ%ct@éwmemea?deéfﬁpﬁ&%l%m Singlge first

el ect r ol Y AESEeNte I8H IR MO woRtiReRlAEN Skl § FRVGLER udRR ARt punps the
two di rre;lgzlrona]l arerray f%zé’ gfe g&quaaﬁt um 1‘leﬂle F el enent sq 1%21A, 10218B,
1021C) . lalghdnthe@il AOPR 1iBs 182iqiie nkight boans tiIne sequentidly scuwmediamessivanal
array 1020 usi.ng scannj optical. el enent. 1030 that includes, for exanple,
a 20fir stc%?@avw%ﬁr%}bﬂ%@@%awan%n% BRUYHYCIGACY! EIRIC TS fsossai}%wﬁ B
scapfli NG it SR 1089an&% 3003hE gaohifSt 163Y. 048 LchAM it ARRMEN by,
directions 1041A-1041D.
for example, a first through fourth scanning directions 1041A-1041D.
In the embodiment shown in FIG. 10, the laser power density at the quantum well
down-converters may need to be limited, to remain below the damage threshold of the
materials forming the quantum wells. However, for a single laser exciting the entire “m x
25 n” (row X column) matrix of quantum well pixels (with m > n) in time sequence, the duty
cycle for the average pixel can be no better than 1/mxn. Also, refresh rates of less than 30
frames per second (fps) could lead to objectionable flicker to a viewer, and many
applications can prefer 60 fps or much higher. There are also limits to how fast the laser
can be modulated, either directly or indirectly. The combination of duty cycle, maximum

30 laser modulation rates, minimum frame refresh rates and damage threshold limitations can

limit the image brightness or pixel count of the I1I-VI display, and may mean that this
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In the enbodi nent shown in FIG 10, the |aser power density at the quantum
wel | down-converters nay need to be |imted, to remain bel ow the damage

t hr eshol dwof2otiiesovat eri al s form ng the quantum wel | s. Heeewseg1ofoaro7a si ngl e
| aser exciting the entire "mx 25n" (row x columm) matrix of quantum well
pixels (wwth m> n) in time sequence, the duty cycle for the average pixel
can be no better than I/mxn. Also, refresh rates of | ess than 30 franes per
second ( fqpebodaaentds llné%@‘cﬁu!t@blé lﬁ?fe@ﬁ?il@ﬁﬁ@m guqh) 4s g tor @y e abufil espspitabdh 0r many
app"catﬂﬁﬁﬁaﬁ%ﬂsﬁz é?%ee %é% ﬁ Qﬁgggé¥?gﬁgﬁe are also limts to how

fast the ser ocan b Ire or indirectly. The
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refresh rates and danage threshold [imtations can limt the inmge
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uch as near-to app |ca i ons®requi ri
em ssive dfmhd)quantﬁmwblla&ap,r@jdewrﬂ)@ﬂ clsewhere. InfotB@ RS Ai% €sn bd desiralyle e
preferabl e for the punp source and the Hro jection optics to he on opposite
si des of haﬁ%a&uélmla FRITGRT 11 afswﬁf‘étbmeeandl ratlegictedead ggcenilightamthsdnpig sideabl e t o
S5have a qh@pu %klr A a DBR that passes UV and reflects visible Iight
on the inpu q g quantun1me|| array, as described el sewhere. In
ot her cases, |Ih sGﬁB cb@s desiay ablpecftrablavetha pdinphbeice and theqirojettidn gragses bl ue
and reflects red and green light on the input side of the quantum well

arr 8. 1 do SR8 thawer suileto frHhg aprtyp @reélrsaypférq dn Stl?hecaﬁw %‘B@P@é%ﬁ%? ohe
proj ecti %VQQ%G‘EahéPetff%BB‘?aR%etﬂ% o€ q dn‘i‘l‘ﬁn‘&?euta!?%ﬁ oy e ece% Igl%rﬁ%%#tft ure.

In such cases, 1t can esirable to have a he side

of the quaoicuion&iticsdor Byat managenienoand toenreage [ghddipeadeothvaahtho prdjecionf or
heat managenent and to increase light directed toward the projection
opti cs. FPECS-11 shows a perspective view of a projection system 1100,

according to qng 15 \{,g ﬂél% %Cawsl%&f a %cﬁuns AT B0, L RoFd; (ljolnsposed

proj ection systen11 es a scannin optl enent 11
bet Ween gaftiquddr abpaceafthaﬁrsay)sﬂﬂ:l([)n FHatlli, poljecties sﬁdtﬁﬂtlﬂ@ﬂ) uriudes e scinningl tt er s

"l udes CHUGRABIE ThH] ABFosd by BOGHASEL gen AR QISP near ar ay
4100, anS L mnbaee) s AR SRR Lol
t ransm t sl 100 enthonanodhdes gtdichrait nhirrgh 137 disposed between the first linear array 1110
and the two dimensional array 1120. In one particular embodiment, the dichroic mirror
20 1137 is reflective to ultraviolet (UV) light, and transmits other wavelengths of light.

Each of the electroluminescent emitters 1111 can be part of an array of ultraviolet
lasers (for example, edge-emitting laser diodes, as depicted in FIG. 11) that can excite
multiple pixels of a two dimensional array 1120 simultancously. Each of the other
elements 1110-1180 shown in FIG. 11 correspond to the description of like-numbered

25 elements 910-980 shown in FIG. 9, which have been described previously. For example,
the description of scanning optical element 930 in FIG. 9 corresponds to the description of
scanning optical element 1130 in FIG. 11, and so on.

In FIG. 11, a light beam 1125 emitted from electroluminescent emitter 1111 passes
through scanning prism 1130, and intersects the dichroic mirror 1137 at an intersection

30 position 1128. In one particular embodiment shown, the dichroic mirror 1137 is at an
approximately 45 degree angle to the light beam 1125. The light beam 1125 can be a UV
light that reflects from dichroic mirror 1137 and is directed along a reflection path 1126
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Each of the electrolum nescent emtters 1111 can be part of an array of
ultraviolet lasers (for exanple, edge-emtting |aser diodes, as depicted in
FIG 11) wbabiioemoeéxcite nmultiple pixels of a two di mnengconsko@onmy7 1120

si mul t aneously. Each of the other elenents 1110-1180 shown in FIG 11
correspond to the description of |ike-nunbered 25el enents 910-980 shown in
FIG 9, which have been described previously. For exanple, the description
of scannitayaspisicgmieindpetar mgBdayon sEricl 121 weweakdpentdanal arrghel fescri pti on of
scanni ng .i.cal i 1 . , n_Fl 1, a
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di scl ose eg$g$§¥ﬂ£HQﬁﬁK%$*&ée e?%%%%%;%%%nﬁh #%é%%?%%§§g%?gggﬁggein are
exptessl yontredictpbisatietbsher. el lchdngh spdofi ecraeodimetith@bve @rhiilletiitadrahd t hi s

di scl osure, except .tqQ the extent they may directly 15contradict this
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limted only by the clains and the equivalents thereof What is clained is:
1. A projection system conprising: at |l east one first

| i near arweayoiwmebwdi ng el ectrol um nescent devi ces em ttiPag/uBkeiglot7oar a
first wavel ength; a second linear array including at |east one first

sem conductor nultilayer stack disposed to receive the emtted first

wavel ength |ight and downconvert at |least a first portion of the received
i ght to Whatdpflatrefl Second wavel ength |ight; and 10a scanni ng opti cal

el ement disposed to transmt at |east the emtted second wavel ength |ight
al ong a scanned direction. 2. The projection systemof claiml, wherein
the second |i%£foj@dﬂ’oﬁ)€y§tb&hl&ﬁﬁpr€‘s@{§:ﬂ’i ses at |east one second sem conductor
mul tilayer stack di sposed to receive the 15enmitted first wavel ength |ight
and downconvert at dtdustong fysidagar yentingydige claseolusuneseen deyight crpibting
emttied third wavel ength.] it?thatﬁrst%ave-ll-g?ﬂ?r oj ection systemof claiml,
further conprising a thi r%l i near array i'ncluding at |east one third

sem conduct or nul tid @yedd I$icac krrgh Bpogag dt deastesei fitet dehécomdudtbesuBioend
20wavel ength |ight and downconvert at | east a third portion of the received

light to an enitted fourstaskwspepatigeecciveghe emitled firplavgsickingtit light 28d/ st em of
claim1, further conprisj i r | i east one
fourth sem conductor nul Owg%éeﬁtg%ﬁ{ %?gsggos@(?{l?%tﬂregg%e:fgée(ﬂ?gr%lZ%Z emtted
first wavel ength |ight amdttcdysonhwardlesith lighstnd fourth portion of the
received light to an emtted fifth wavel ength Iight. )

10 a scanning optical element disposed to transmit at least the emitted second

wavelength light along a scanned direction.

2. The projection system of claim 1, wherein the second linear array further
comprises at least one second semiconductor multilayer stack disposed to receive the
15 emitted first wavelength light and downconvert at least a second portion of the received

light to an emitted third wavelength light.

3. The projection system of claim 1, further comprising a third linear array including
at least one third semiconductor multilayer stack disposed to receive the emitted second
20 wavelength light and downconvert at least a third portion of the received light to an

emitted fourth wavelength light.

4. The projection system of claim 1, further comprising a fourth linear array
including at least one fourth semiconductor multilayer stack disposed to receive the
25 emitted first wavelength light and downconvert at least a fourth portion of the received

light to an emitted fifth wavelength light.
5. The projection system of claim 1, further comprising a fifth linear array including

collimation optical elements disposed to collimate at least the emitted second wavelength

30 light.
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5. The projection systemof claim1l, further conprising a fifth |inear
array including collimtion optical elenents disposed to collimte at | east
t he em t two 208cee@swavel engt h 30l ight. WO 2011/ 026005PETTUS2Q004®47077 6.
The projection systemof claim1l1l, wherein at |east one of the first |inear
array and the second linear array are nonolithic. 7. The projection system
of claim1, further conprising an optical cavity around the 5at |east one
first serfi-condthetrseicatinmn ysigpee!l daigelk whegein Thisas o et thicdstdipsereasrayfand| ai m 7,
wherein Hﬁgx%Bﬁ&ﬁﬁ&n%ﬁ¥'S%IEQQRﬁﬁﬁes Bragg reflectors. 109. A projection
system conprising: a 1Pt near array including electrol um nescent
devices emtting light at a first wavel ength; a second array of receiving

el enents including at |east one first sem conductor nultilayer stack, each
of the fitst sEWiRERINeiiR vstersefdlaim hywithe cappssiae 4posbep! covifyeranndbthe he

emttied f} vel.engt b | nvert at least a first portion of
t he %ecef@%%BV¥%ﬁﬁhf%g%%ng%§p{%@Rg@%g§%8§avelength light; and a scanni ng
optical el enment disposed between the first |linear array and the second
array, the scanning optical el enment_ capable of sequentially 20directing the
emitted first Thevspissgpmsysicghel d#iand. sdickeiptheapsice) Gartty spupiisse sbestt devi ces
toward ongnofi,@ plurality of receiving elements of the second array. 10.
The projection systemof claim9, wherein the second array of receiving

el ements 25further conprises at |east one second sem conductor multilayer
stack disposed to receive the emtted first wavel ength |ight and
dowh®onvert atA PEALSIOY SEREDNEPHIIN®N of the received light to an enitted

third wavel ength i gfts jinear array including electroluminescent devices emitting light at a
first wavelength;
a second array of receiving elements including at least one first
semiconductor multilayer stack, each of the first semiconductor
15 multilayer stacks disposed to receive the emitted first wavelength
light and downconvert at least a first portion of the received light to
an emitted second wavelength light; and
a scanning optical element disposed between the first linear array and the
second array, the scanning optical element capable of sequentially
20 directing the emitted first wavelength light from each of the
electroluminescent devices toward one of a plurality of receiving

elements of the second array.

10.  The projection system of claim 9, wherein the second array of receiving elements
25 further comprises at least one second semiconductor multilayer stack disposed to receive
the emitted first wavelength light and downconvert at least a second portion of the

received light to an emitted third wavelength light.

11.  The projection system of claim 9, further comprising a third array of receiving
30 elements including at least one third semiconductor multilayer stack disposed to receive
the emitted second wavelength light and downconvert at least a third portion of the

received light to an emitted fourth wavelength light.
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11. The projection systemof claim9, further conprising a third array of
recei ving 30el enents including at |east one third sem conductor nultil ayer
stack di swozed/meosecei ve the em tted second wavel engt hPCirgistoiandg077
downconvert at least a third portion of the received light to an emtted
fourth wavel ength light. WD 2011/ 026005PCT/ US2010/ 047077 12. The
projection systemof claim9, further conprising a fourth |inear array

i ncluding at | east one fourth sem conductor nultilayer stack di sposed to

receive the emitted firs Y th d i.ght : Ver t | east a
fourth polp ti on%hgfp?&ﬁénorrne S%eﬁj%?%gﬂtmﬁ%qgﬂﬁgﬁnmg g‘é’g‘&f@} ﬁlr%ea\l;\glt\;%}f ength light.
13. The ghéjhéatiapRasst 60re scliednduSor multilesr s@@lfrnfs'ﬁ@deago gectivttiie | 1 near
array di sposed between the first linear array and the scanning opti cal

el ement , am#eq first wavelprsth lightrang domaromcaignt dsbt 4 fearthdartpafdhg respisent s
di sppsed ol | 1 ] -first wavel ength 10light. 14. The

pr oj é(za)cti (}%%%ggosgfne%lofg&gﬁégsvn%%g!ehé\ﬁg%h#'n at |least one of the first |inear
array and the second array are nonolithic. 1515. The projection system of

claim9, further conprising an optical cavity around the at |east one first
seni conduct or TheIRrPlcaly systeared claim 9, fgrther igempriging @i fdrinpgs st Gspasedi m 9,

further GRLLSHOR-RuLE 1] Sud AELERLOL, BRLARADNLNCOLITA Ik AgAL, array of

el ect rol um nescent devi ces e sec recei ving enments.

17. The pndpéiagiconingyiohemicdl etdn@inm disposvder@ilimith eheogmhitted First avvélgngthnpri ses
Br ag& reflectors. 2518. A projection system conprising: an

el elfr ol Uihhescent device emtti ng light at a first wavel ength; a

sem conductor nultilayer stack disposed to receive the emtted first

wavel ength |ight and downconvert at least a first portion of the received

| i ght to la&n erfitictpedjcsttmmsydtewnnfadla@ngd, wherghtt lcast dn30aths dastriinegr aplyi andl

el enent dj sposed to receive the emtted second
the second array are monolithic.

15 15.  The projection system of claim 9, further comprising an optical cavity around the

at least one first semiconductor multilayer stack.

16.  The projection system of claim 9, further comprising a dichroic reflector between

the first linear array of electroluminescent devices and the second array of receiving

20 elements.
17.  The projection system of claim 15, wherein the optical cavity comprises Bragg
reflectors.

25 18. A projection system, comprising:

an electroluminescent device emitting light at a first wavelength;

a semiconductor multilayer stack disposed to receive the emitted first
wavelength light and downconvert at least a first portion of the
received light to an emitted second wavelength light; and

30 a scanning optical element disposed to receive the emitted second

wavelength light, and transmit the emitted second wavelength light

along a scanned direction.
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wavel ength light, and transmt the emtted second wavel ength [ight along a
scanned direction. WO 2011/ 026005PCT/ US2010/ 047077 19. The projection system
of cl ai mwe,20fumsiwsr conprising a collimtion optical elPemarstoldiosposed to
collimate the emtted second wavel ength |ight. 520. The projection system of
claim 18, wherein the el ectrol um nescent device and the sem conduct or

mul tilayer stack are nonolithic. 21.The projection systemof claim18,
further conprising an optical cavity around the sem conductor multil ayer

stack. 1 22.~The nrojecti e f .cl aj 21, reln .opt i cal
cavity cglr?pri sTehseq%?Jgétgénr %%#eec?fic?@%l fgzgl.lrﬂ}fr gér)%ké%i{lg \ékr%g%@sattlg%%tégﬁmri si ng:
15an el ecdl¢rmdnt Aigpesaan olligndtc e @iftdd s2gond Ghtel@lgtialiftitr st wavel ength; a
first array of receiving elenents conprising at |east one first

sem conductor nultilayer stack disposed to receive the emtted first

o . > e 3 e
Tant o D ot eoRdtalnRERIY Foulls, Witk fuled SlroBRhL Al ey iR B ©

el enent  dicspasddctbehveiayct kaclehreationolitiit.nescent device and the first array,
the scanning optical elenment capable of sequentially directing the emtted
first wavelength light fromthe el ectrol um nescent device toward one of a

pluralityof r Y e | - [: . . j.ection
system o%‘/zlc':l aiﬁ]{\egjéé,{]eg\%en r %/ig{r%ﬁfi%lﬂnr %ét]?%éﬂreg?&%l?ﬁ%lg% & é?trllcgaggivé%g?@dﬁ 1ﬁ?t her
conpr i sesealicdndasbdr mokilseesack.sem conductor nul til ayer stack disposed to
receive the emtted first wavelength |ight and downconvert at |east a
secthd portion of the received light to an emtted third wavel ength |ight.

30 22.  The projection system of claim 21, wherein the optical cavity comprises Bragg

reflectors.

23. A projection system, comprising;:
15 an electroluminescent device emitting light at a first wavelength;

a first array of receiving elements comprising at least one first
semiconductor multilayer stack disposed to receive the emitted first
wavelength light and downconvert at least a first portion of the
received light to an emitted second wavelength light; and

20 a scanning optical element disposed between the electroluminescent device
and the first array, the scanning optical element capable of
sequentially directing the emitted first wavelength light from the
electroluminescent device toward one of a plurality of receiving
elements of the first array.

25

24. The projection system of claim 23, wherein the first array of receiving elements
further comprises at least one second semiconductor multilayer stack disposed to receive
the emitted first wavelength light and downconvert at least a second portion of the
received light to an emitted third wavelength light.

30

25.  The projection system of claim 23, further comprising a second array of receiving

elements including at least one third semiconductor multilayer stack disposed to receive

06-



25. The projection systemof claim23, further conprising a second array of
receiving elenments including at | east one third sem conductor multilayer
stack di swo=ed/aeosecei ve WO 2011/ 026005PCT/ US2010/ 0470 PTTiuse018/04 107 Ed
second wavel ength |ight and downconvert at least a third portion of the
received light to an emtted fourth wavelength light. 26. The projection
system of claim 23, further conprising a third array of receiving 5el enents

i ncl udi nghaemitisdsecapdevavgleneth lghtprbdeiiraosyerhgi least aykird arier ofithsposed t o
receive the.emtt i vel.engt h | i.ght, and downconvert at |east a
fourth pd? ??ﬁ?%&ﬁ?%%{%ﬁ%@&%%%hngﬁ%mgggg%HEnitted fourth wavel ength 1ight.
27. The projection systemof claim23, further conprising a collimtion
optical 10el enent di sposed between the el ectrol um nescent device and the

scanni ng ¥pt i cHiC rEpiesinit syste! flaimm, durthes cempiisiag a thipdarrayfapehghs | i ght .
28. Jhe proj i S I i e f .first
A i L T
proj ect i ahe emitedfirafwBlcRinghAZsht baud ddveficonosphi I8hdg faurttopdrticabf thavédeyvedr ound
the at |l east one first sem conductor nmultilayer stack. 30. The projection
syst em ofl128f & 3 enoittedhirard wavehagdplighdéal cavity conprises Bragg
20reflectors. 31. The projection systemof any of clains 1, 9, 18, or 23,
wherein each first sem conductor nultilayer stack conprises a first

pot ent i al2Ael ITiRglreettish fysem dofl claln 28, flrtheY comptisiogd¢ollidiasion dpticad2. The
projection systemof any of clainms 2, 10, or .24 wherein each second

sem Condudepnt M9$qdat§?§4¥ee§tt5%Rle@m%mi@é@néd@éw thot@nbingloptigal iclesangct ed
fron1||-y%f§ﬂﬁ&ﬂé§%% '&p@&y&%&gﬁn¥ﬁgg@:The proj ection system of any of
, or , I

clainms 3, erein eac
28.  The projection system of claim 26, wherein at least one of the first array, the
second array, and the third array are monolithic.
15
29.  The projection system of claim 23, further comprising an optical cavity around the

at least one first semiconductor multilayer stack.

30.  The projection system of claim 29, wherein the optical cavity comprises Bragg

20 reflectors.

31. The projection system of any of claims 1, 9, 18, or 23, wherein each first
semiconductor multilayer stack comprises a first potential well selected from II-VI or II-V
semiconductors.

25
32. The projection system of any of claims 2, 10, or 24 wherein each second
semiconductor multilayer stack comprises a second potential well selected from II-VI or

1I-V semiconductors.

30 33.  The projection system of any of claims 3, 11, or 25, wherein each third
semiconductor multilayer stack comprises a third potential well selected from II-VI or II-

V semiconductors.
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sem conductor nultilayer stack conprises a third potential well selected
fromll-VlI or Il-V sem conductors. WO 2011/ 026005PCT/ US2010/ 047077 34. The
proj ecti onOogysemost any of clainms 1, 8, 18, or 23, whePerwSe@oln47077

el ectrol um nescent device conprises a light emtting diode (LED) emtting
i ncoherent light. 5 35. The projection systemof any of clains 1, 9, 18,
or 23, wherein each el ectrolum nescent device conprises a | aser diode
emtting at |east partially coherent light. 36. The projection system of
any OT Clﬁt‘. s ”lghe ap%jeg‘gdn sﬂrrste%l?’of agfgreorf alind T,ESﬁ%aMf%h%%?rp&{c al el ement .
conpri ses a one-axi’s scanner. : e projection’systemof any of clains
1, 9, 18, cl@troRBnin¥defitichick REmeisrn liht opittie@kicdk €NEDY e reeBerantt WO- axi s
scanner. 1538. The projection system of claim 36, wherein the one-axis
scanner d&Wﬁrises a gal vanonmeter mrror, a mcroel ectronechani cal system
(NEM§) device, a rotating mrror, or a rotating prism 39. The projection
system of claim 37, wherein the two-axis scanner conprises dual 20rotating
mrrors, 350t atTHegrojctticr yswvht &F gy @fcksas Ved, M 8t od 2o ehhbatetah or MEMS
mrrors. 40. The projection systemof any of claipns 1, 9, 18, or 23,
further cgpeiuningscerijcaiceicomPEprsiaclaser él%%@mlgmgéﬁ legytapetdyrgheret lighinned
light to a screen. 2541. A display, conprising: the projection system of any
of clainms 1, 9, 18, or 23; and a projection screen disposed to intercept

t he scanrssd | iTetprojetioths s@hsel aay obtlaghail /0,48, onvile mbkertid the spardjirgct i on

screen is a rear projection screen 30or a front projection screen.
10 optical element comprises a one-axis scanner.

37.  The projection system of any of claims 1, 9, 18, or 23, wherein the scanning

optical element comprises a two-axis scanner.

15 38.  The projection system of claim 36, wherein the one-axis scanner comprises a
galvanometer mirror, a microelectromechanical system (MEMS) device, a rotating mirror,

or a rotating prism.

39.  The projection system of claim 37, wherein the two-axis scanner comprises dual
20 rotating mirrors, rotating mirrors with progressively tilted facets, or MEMS mirrors.
40. The projection system of any of claims 1, 9, 18, or 23, further comprising

projection optical elements for projecting the scanned light to a screen.
25 41. A display, comprising:
the projection system of any of claims 1, 9, 18, or 23; and

a projection screen disposed to intercept the scanned light.

42.  The display of claim 41, wherein the projection screen is a rear projection screen

30 or a front projection screen.
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