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LEDs have improved markedly in the last twenty years, but, at approximately 1 Im per LED,

they are simply not an economical alternative for area lighting purposes.
A new lighting technology that offers improved conversion efficiency at reasonable
cost would be highly desirable.
15 Summary of the Invention
In its first embodiment, the present invention comprises a two dimensional
array of 30 to 100 GaAlAs or GalnAs VCSELSs, generating light at wavelengths of 850 nm
and 980 nm, respectively. The individual VCSELSs are driven in parallel from a single current
source. To avoid possible eye damage, each laser is generating a relatively low amount of
20 power; in this case, 3mW. This atray can be used for infra-red(“IR”) wireless
communication, such as the ItDA standard, but at higher speeds than can be obtained using
LEDs. IR local area networks(“LAN"s) or interactive TV can also utilize this embodiment of
the present invention.
In a second embodiment, a plurality of VCSEL arrays, assembled together within a
25 single housing and with each array operating at a different visible light wavelength, are
driven in parallel at low power per individual VCSEL element. As the different wavelengths
of the individual VCSEL arrays cover the edges of the chromaticity diagram, a white area
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PCT/ US96/ 158997116679 lighting source of extrenely higFEPM¥%&ncy is
creat ed. These enbodi ments will now be described in detail,
with reference to the figures | i sted and descri bed bel ow. 5
Brief Description of the Illustrations Fig. 1 shows the

first enbolightingsowte ¢frextrpmely high dfficienty isreatédor use in IR

conmuni cat i on; . +i1g..2.sh a.se odi ment _of the
present invent i%ﬁeﬁwm@’%@@ﬂ‘émﬁsc&e in detai}, 'g\"ﬁg})?‘%wd’é“vﬁ%“ and 10
Fi g. 3 shopged\2\W deliibs®BQs. enbodi nent of the present invention can be

I ncorporated into a package conpatible with known |ighting systens.

Det ai | ed Description of the Preferred Enbodinent 1 5 VCSELs and
met hogs for manufacturing t SR E , St L exanpl e, U. S.

Pats. "No. 5,359,618 and 5, 164,945 ot nrn CES T

arrays for dat aFig. 1 shows ﬂﬁlﬁﬁieﬁﬂﬁdin&n&bﬁhe Mwm;nvﬁﬁian,tfo&sel?ﬁm No.

5, 325, 386 and 5,073, 041.
communication;

Fig. 2 shows a second embodiment of the present invention, for use as an area
illumination device; and
10 Fig. 3 shows how the second embodiment of the present invention can be

incorporated into a package compatible with known lighting systems.

15 VCSELs and methods for manufacturing them are known. See, for example, U.S.
Pats. No. 5,359,618 and 5,164,949. Forming VCSELs into two-dimensional arrays for data
displays is also known. See U.S. Pats. No. 5,325,386 and 5,073,041.

Recently, Sandia National Laboratories detnonstrated a VCSEL with a conversion
efficiency from electrical power to optical flux of 50% (5 mW of optical power from a 5 mA

20 current and 2V voltage). The Sandia VCSEL used a GalnAs material system, generated light
at a wavelength of 980nm and was roughly 8-10 mit‘:rons in diameter.

VCSEL arrays (1x8) of GaAlAs operating at 850 nm have been fabricated. The
inventor herein has experimented with these arrays by operating the VCSELSs in paralle] from
a single source. Although these arrays operate at only 15-25% conversion efficiency, as

25 compared to Sandia’s 50%, they verify the feasibility of operating large arrays of VCSELs in
parallel without
thermal runaway. Thermal runaway occurred in early power transistors when one emitter
finger in the array of emitter fingers used in a single power transistor began to “hog” the
current, which increased its operating temperature, which in turn led to even higher current

30 usage, in an accelerating cycle that led to the destruction of the transistor. The inventor
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[ err] m VCSEkést bé repxp@dashed®) [err]m 5 apart center-to-center is
fabricated on a 20 x 20 m | chip 13. A 12 x 12 laser array is easil
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optical flux, en the total 1 nput "power to t W and
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and the substrate adds another 2.9°C for a total chip related temperature rise of 4.3°C.

15 Mounting the chip on a heat spreading substrate, such as chemical vapor deposition{“CVD"™)
grown diamond, AIN or plain copper controls the heat flux without a significant temperature
rise.

The VCSELSs can also be mounted face down on a heat spreading substrate, which
would further reduce the temperature rise within the chip. In this case, the light would be

20 extracted through the substrate. At 980 nm, the GaAs substrate is transparent. At shorter
wavelengths, the substrate would have to be replaced by wafer bonding the structure to a GaP
substrate.

LED:s fabricated from GaAlAs and radiating at 850 nm have a demonstrated internal
quantum efficiency of 100%. Proper optimization of the VCSEL design in an array similar to

25 that shown in Fig. | should result in power conversion efficiencies greater than 50%. Such
optical power sources would enable IR communication at higher speeds than known IR LEDs
permit. They may permit IR LANSs and interactive TV. Another possible application is using
the arrays for security illumination.

The most significant application for VCSEL arrays is for illumination, using a series

30 of arrays that individually generate light in different parts of the visible light spectrum.
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WO 97/ 1667%ea density of lasers to provide a monochromatic visible light illumination VCSEL array
PCT/ US96/ 15822 i.a _National Laboratory has denonstrated red

VCSELs f alfhire “Fhisehip. oY APEIRRAREY SO0 lascrs opesginget AmAsherdasss, wpHlddEveSEL s
gene a9 By r Y L 9PLIGEADR A, S0 5 i s iR, 2101
luminous flux of 680 Im. At an input current of 1 A and an applied voltage of 2 V, the chip
15 would have a luminous efficiency of 340 Im/W.
A white light source can be constructed from six VCSEL chips, each chip having an
optical flux of 1 W and generating light at equally spaced wavelengths between 475 nm (blue
light) and 625 nm (red light).

20 TABLE1
Wavelength (nm) Flux (Im)
475 77
505 343
535 - 622
25 _ 565 - 665
595 473
625 218
White 2398

Table 1 shows the wavelength/flux relationship for a VCSEL illumination source having six
30 VCSEL arrays and an input of 12 W, This light source with an input of 12 W will generate
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TABLE 1 Wavel ength (nm Fl ux
(I'm at the wavelengths listed in Table 1. The VCSELmrrays are in turn coupled to power supply

343 30 through controlier 35. At a minimum, pé‘g%ygupply 30 must be capable of driving each of
622 25 the lasers in all of the VCSEL arrays in paralfebat the minimum current required for Iasing.

665 595
473 10 Controller 35 will permit additional opggatienal flexibility by permitting the user to command

2398 i
i1lum nation sourcekﬁaw %ﬁl%mkﬁ%&&gﬁ%éghggﬁan [ n%& 313%%

This |ight kmsnrctomgmltehxsman npnittol die chlor Yehwietdturg efithe atwrce 20, as well as its final
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light output.
The described VCSEL array white light illumination source will have many
15 advantages over known lighting sources. Table 2 summarizes the efficiency advantages of

VCSEL illumination sources over known lighting technologies.

TABLE 2
Type Efficiency VCSEL Advantage
20 (Im/W)
Incandescent 14 15x
Halogen 20 | 10x
Fluorescent 80 2.5x
Metal Halide 80 2.5x
25 Mercury 40 5x

A VCSEL based light source would offer several other additional advantages over
known illumination sources.
Recent tests with the 980 nm VCSEL array fabricated by Sandia indicate that these

30 arrays can be operated over a power range of from 0.5 to 5.0 mW at practically constant
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light illumpatjon source wll ve mapy. 15 dyant ages over known .
lighting s B‘é‘é“.’mﬁa’t‘}l‘%“’? °%‘Eﬁ¥ﬁaﬁ'$§ gQst PE&'S@F‘MMW%&W&%& i3 gwall,gpvolving

VCSEL i || ugyj ' r L ; g ‘
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VCSEL Adv akight genrgs cither cannot be dimmed, or, if they can be dimmed, they experience(substifjtial

| ncandesce . 14 . )

Hal oggn l%ses in efﬁclencyzgld, in the case of halogen lamps, reduced operatmqllgé.

FI uor escent By varyidlg the drive current to the individual color VCSEL array4 i®the white light
Met al Hal i de 80 2.5x 25

Mercury  source of Fig. 2 by asing controller 35, the color temperature of the light can be changed from
A VCSEL bagidh bbidbni K fire'Ribd, BEhth whRY Bf &y VAR & dhbingiidladvant ages
nown | ecen

over um nat 1‘on sour ces. ésts with
t he 980 nnbet@SEL Senrca 20 tabthiicepcsate byer Swrentive chrumatisitedipgram. tAsingle Stite

g; ;g%ﬁ? c g? P&),g § o %e;c?#leafiso P Gsedhs A Monockromatic 1 gfht fsoru?'crg 09' a?legs? si?c' d?ff%t%%lors
with only a small additional expense. Combined with the dimming ability previously
described, the ability to vary color and/or temperaturc makes the present invention a universal
source for decorative or theatrical lighting,

Fluorescent lamps generate white light by stimulating a phosphor layer with UV tight.

20 The phosphor layer is a mixture of phosphors generating predominantly three nearly
monochromatic lines of light (red, green and blue). The VCSEL light source would use six
lines of light which improves the color rendering of the illumination source. Eventually it
will be possible to build an illumination source with 12 half watt chips with 15 nm light steps
instead of the previously described 6 one watt chips with 30 nm steps. Such a device will

25 surpass the color rendering properties of practically any existing light source.

The described white light source has the inherent modulation speed of VCSELSs,
which can be turned off and on at gigahertz frequencies. This allows the illumination source
to be used to distribute signals at gigabits per second rates. A low cost, highly asymmetric
local area network where high speed signals such as video are broadcast via the light source

30 and low speed signals use conventional telephone wiring can be readily constructed using the
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i ght source can.also be used as a npnochyonmatic. |ight source of, at | gast
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col or _and/or tenperature nakes the present invention a universal
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nm light steps
improvement when compared with isotropic high temperature conventional light sources.

As the VCSEL array operates at roughly room temperature, optical surfaces can be
located safely in very close proximity. This permits the design and construction of very
compact, flat lighting fixtures that are consistent with flush ceiling mounts in commercial or
residential buildings.

20 Using VCSELSs for illumination does raise the issue of eye safety. Light with a
temporal coherent Qavefront can readily be focused by the eye into a diffraction limited spot
on the retina. If the power level in this spot exceeds approximately 200 pW, permanent
damage to the retina can result.

The VCSEL array has a unique feature that answers the eye safety issue. If the

25 diameter of the individual elements in the VCSEL is increased to 20 to 25 um, then the
VCSEL no longer lases as one element with temporal coherence. The emitting area breaks
into multiple filaments that are not locked into a single coherent mode. If adjacent VCSELs
are separated by roughly 20-50 pm, the array behaves like a number of independent lasers.
Temporal coherence is limited to the flux of individual elements, which, in the first preferred

30 embodiment operate at roughly 2 mW each. The temporal coherence of an individual laser
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construction of a visible | 'é:]ht recej ver that would be even si npl er
e

than an | ROP gidbsapche easily retrofitted. Using thg sagenumbgringom &igs 2 whereapprapsiatedi ng t o
h | ' ' g " ik h
the pr eseWCSEl"mgF ﬁ@@r 26%‘968&\%“% é}d&fe{x’aﬂﬁg substrate 27 iazg:ﬂ?&n‘i%ﬁed I ke the

turn on delay c ocl ate uor escent sources. They 10
al so have canttollee83.nBiscretespoved stipplyt compondnts H0oars hicated béhitibmbstratee?ander haps as

| ten years. The light qutput. f i ndi vi dual
VeI " el PoRen brpogh ansks) om oy Ry ey Bty bea sl cpien b DRy

10[err]. TélirSpticaffirfads 4D Whichidestros iR PhitdetcBhdrove GOVCSEDS b L rougHZbages to
redistribute the flux efficiently to wherever illumnation is desired. In

case wher @ravegfieye damage anddyont surfaee 4 which shapesthe light aftenritspbinseioherenaethas
(eature * SRURIkSRl StOmpl A kbbbt S BN Lo g FRIDHIREN o
As t he VCEEtuitthe partiofar lighting agplicatiogh [By chesging sopreiagt hemmn shayyiig omles 4511 f aces
can Pf one lighting source can serve in many different applications.
Global electricity consumption has an economic value of approximately 1.2 trillion
dollars. Approximately 33-40% is used for lighting. Reducing the energy cost of lighting by
a factor 5 to 10 has an economic impact of $300-400 billion a year.
Converting 90% of lighting installations to VCSEL based light sources over a 30 year
20 period will so reduce demand for electrical generation that other non-lighting uses of
electricity will be able to grow at a rate of 1.0% per year for 30 years without requiring any
increase in the global installed electrical generation base. In areas of warm climate, these

savings might be even higher, as VCSEL arrays will generate less heat to be removed by air
conditioning systems.



| ocated safely in very close proximty. This permts the des'| ” ””III
consistent with flush ceiling mounts in commercial or * *
bui‘l di ngs. 20 Using VCSELs for illum nation does raise the issue
of eye safety. Light with a tenporal coherent wavefront can readily
be focused WOOHE6e into a diffraction |imited spot PCTAHR6ATEE2
retina. If the power level in this spot exceeds approxinately 200 [err]W
per manent damage to the retina can result. The VCSEL
array has a unique feature that answers the eye safety issue. If the 25
diameter of the individual elementsyhfitdORinyéd3EL is increased to 20 to 25

[err]m then the _ _VCSEL no longer |l ases as one elenment with tenporal
coher ehce. i iafrawed iHymination $nuecgicomprising:  into nultiple filanments that

are not, |l ocked ip L aal [ . L..acen LS . are
separ ated by rouﬁﬁ%ﬁ%{’%@gf% g‘?ﬁggg’gjﬁglﬁg %%‘ﬁgblgg’ e#m(é%g&mg? O{ﬁ

i ndepepdentplludk& df vertical cavity stefapedniittingGhser elements,3hé ¢18érmelon éach BEiplehitting f

i ndi vi dual el ements, which, in the first preferred 30 enbodi ment
operat 8 at inBenged ghpand beinggoupled togetban oy that theyirap b davesrat leastiin grrgllelfie | aser
-7- . X 7 s . .

PG/ oty 15¢33ps being coupled RgRhri/Combingtion of serics and parlll souplings and. 0 ¢ e
beam wét h a hol agrosyehsippkecophlad & thb chips fog providing drivvunfresteo therkiments. of
having to destroy the phase coherence of a | Wl aser, the coherence of

many i ndependent 2 mW | asers needs to be destroyed. Thus, the phase

coherepce Mighe Burce of claim I WELES thelienfentd dHHath i Béneibte BARES HEIR of &S
opposed to nearly four orders of magnitude. 5 As shown 1n Fig. 3,

| i ght 2our cdifferentoyaveleggth2hanthat igenanated biythd elementsionithe aghex chipown | i ght

source package; here, a standard i ncandescent screwin light bulb, creating
a lighting source 100 that can be easily retrofitted. Using the
Sﬁrre nﬁn‘oerj, Mhe Edupca chchaimQ wilfegd iﬁﬂﬁrhﬂhmmb ts oif each chip generatéé&iﬁEl Jlrcdg]igb}ﬁysﬁth%l
through 26 are nounted on ceram ¢ substrate 27 and controlle y

controfl er welees@%%reénaew %qgﬁﬂp’y conponents 30 are | ocated behind
substrate 27 and

1 4. The source of claim 1 wherein the elements can be modulated at a frequency of at least 10
2 MHz.
1 5. The source of claim 2 wherein a phase destroying optical system is placed between the

2 chips and objects being illuminated, the phase destroying optical system reducing the

3 temporal coherence of the elements.

1 6. The source of claim 5 wherein the source is used to provide infra-red illumination for

2 security purposes.

7. The source of claim 1 wherein each element has a cathode and an anode contact, the
cathode contact of all elements on a chip being common and the anode contacts being formed
into at least two separate anode groups, dimming of the source then being accomplished by a

combination of decreasing the drive current to the elements and turning off those elements

LT I - VA A

coupled to at least one of the anode groups.



10 recei ve power through socket 28 from a power source. Pﬂ%“ﬁﬂﬂmmul”"l
shapi ng optics 40 has rear optical surface 41 which

phase- coherence of VCSELs 21 through 26 to prevent ey®& dangge®anél *
front surface 42 which shapes the light after its phase coherence has

been destrqw;gmg.%:ondary beam shapi ng optics 45 are usedgﬁm%?gl LJate and
icatr on.

focus the beam to suit the particular lighting ap By
changi ng secondary beam shaping optics 45, 15 one lighting source can
serve in many different applications. G obal electricity
consunpti on has an econom c val ue of approximately 1.2 trillion

dol | als. Appmdlluminedon soyrrecomprisingised for |ighting. Reducing the energy

cost of lighti . . yoIoiges A . an nowi G i ct.. of
$300-200 bi I 11 %ﬂ’l‘gx‘%é’? T"e"“"al%a‘t‘f}cs °5e"1‘€%‘%\9f5$‘taﬁiﬁ’j’ johip rﬂ]?‘f‘%ggﬁ’ﬁ‘th‘y

i nst a3 | at iocfnertical craBEurfacs enlittiigdiNer eloments; shedl@ments Gearle Siip gbheratingigePd Wi | |
so reduce dﬁb\n’ﬁr’a{]d for electrical generation that other non-lighting uses of

! 3 prefieterminedwavelength ard beinggoupisd togethor soshatghey can be duvengsar s

el ect?ici thp
W thoyit r qghd il JachuRRY increase in the global installed electrical
generation base. In"areas of warmclimte, these savi ngs m ght be

even 61! gher, as prU@SHupplyrcaypledid daclyefthe dltips, thegoweesupplybeing at leasieephbly ai r
?g?dl ’5 'on Io?'gupsp){ysl;tzge Hgvgmgt/tgégf}g elements in all of the chips in parallel; and
PCT/ L§96/ 15822 g controller coupled to the power supply for controlling the light output of the chips.

1 9. The illumination source of claim 8 wherein the elements comprising each chip generate
2 light of the same wavelength, the wavelength of light generated by each chip differing from
3 that of every other chip.

1 10. The illumination source of claim 9 wherein the combined light from each of the chips
2 forms a white light.

{ 11. The illumination source of claim10 wherein the controller can accept a user input, the

2 user specifying which of the chips should be generating light at any predefined time, the

3 illumination source then being capable of providing illumination in each of the wavelengths
4 generated by the individual chips and any combination thereof.

1 12. The illumination source of claim 8 wherein the chips can be modulated to transmit

2 information.

1 13. The illumination source of claim 8 wherein a phase destroying optical system is placed

2 between the illumination source and objects being illuminated, the phase destroying optical

3 system reducing the temporal coherence of the individual lasing elements.

] 14, The illumination source of claim 8 wherein the power supply can be regulated by the

2 controller to provide a variable drive current to each of the lasing elements simultaneously,

-10-
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VWat Is Cainmed Is: 1 1. Aninfra-red illum nation source
a—pJ—&F&Fh%y—e#—ve%hea{—ea\fﬁ-y—ﬁﬁm—emﬁrﬁg—ﬂ-aea—ehﬁss— l!'l um"" ””II!

conprised of a 3 plurality of vertical cavity surface emttis

el'ements, the elenments on each chip emtting 4 infra-red Iight and

bei ng coupl ed together so that they can be driven at least in parallel, the
5 chi ps b¥PIF1e3%pl ed toget her by a conbination of seri EETHRYERY) | el
couplings; and 6 a power supply coupled to the chips for
providing drive current to the el enents. 1 2. The source of claim1l
wherein the el enents on each chip generate infra-red light of a 2

di ffergnt vhsrehepainitihdthe illdatibatipersetret Rebdddiminied. el enents on the ot her

chi ps. 1 3. The source of claim2 wherein the el enents on each chip
generate infra-red light with a 2 wavel engt h between 700 and 1000 nm

1 4, Th oy ol e E;elfg;\n aﬂﬂﬁﬂf) d at a
freque%cy 0 'Zttl'é léjaléﬁau%%zméo Tty g)k%%h?g&r%g%ég? o alétbg wher ei n
a phas2 desiimmed by foptingasingly sathadel contatidc elll elementson a&h\p agd forminy gtumlity

3L S o RS . BB ol g R B, R0
Wnerelm thehtl%%ﬂt%ahéde‘b‘éﬁﬂcﬂg@o@%@ﬁbﬂ&chfﬂ R -diffhing BeitE d0edrhidhéddby 2

security purposes. The source of claim1 wherein each eI enent has
a cat hdde = lehwaéomﬂﬁwtoﬂmﬂﬁmod%wme contact of all elenents on
a chip being comobn and the anode contacts being fornmed 3 into at | east

two separate anode groups, dinm ng of the source then being acconplished by
a 4 1conbienAtmeiodfor pieeidagircagiitnpination ine pluralityof wiavelédpehseihe ptiod and

turni n? of fmhlggglgg$de%%gg? 5 coupled to at | east one of the anode
gr oups*
3 fabricating a plurality of vertical cavity surface emitting laser arrays, each of the
4 arrays generating light of different wavelengths;
5 coupling the arrays to a power supply capable of at least driving all the vertical cavity
6 lasers in the arrays simultaneously in parallel; and
7 placing an optical diffusing system between the arrays and objects being illuminated,
8 the optical diffusing system preventing damage which might result from the coherent light
9 generated by the lasers.

(=

17. The method of claim 14 wherein all of the arrays generate light of the same wavelength to

2 provide a monochromatic area illumination source.
18. The method of claim 14 wherein the arrays and power supply are additionally coupled to

2 a controller, the controller being capable of adjusting the current supplied to each array by the

3 power supply.
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P - : - &
plurali'ty of vertical cavity surface emtting |aser chips, each chip having
a‘plurality of 3 vertical cavity surface emtting |aser elenents, the

el ements on each chip generating | aser |ight 4 of a predetern1ned
wavel engt h aM@9HeEs6AYy coupl ed together so that they can be ECTHEME/EB22 east

5 in parallel, the verti cal caV|ty surface emtting | aser elenents being
at |least 20 [err]n1in di aneter, dgph eleqﬁgt haV|ng mul tiple |asing
filaments, the filanents Ia5|ng |ndepen ently of anot her,

W t hout tenporal coherence; 8 a povyer supply coupl ed to each
of the chips, thepower suppty bermg—at—teast——Tapatteyof 9. suppl yi ng
drive current t¢ atl *tite el @memts in alP of the chipsfin parallel; and 10
a controller coypledsta theesponwes supply feor centeoblifng the |ight out put
of the chips. 1, ., 9 The illymnation sourge of cliaim8 wherein the

el enents conpri $i ng each Chlp generate *2 Ilght of fthe sane wavel engt h,
t he" wavel ength ¢f |ight generated by each chip differifng from 3 t hat of
every other chip. « o o Y ¢ o o + o o

+* » . * L 3 ® * 4 . » * [ ]
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1 10. The illum nation source of claim?9 mhereln t he conbi ned Ilght from

2 Li it | P Ay 1-4

H—t-e—ghrt— t +H—Fhe—++tunmtrnatton
source of claim| 0O wherein the controller can accept a user input, the user
2-- specifying which of the chips should be generating |ight at any
predefined time, the 3 illum nation source then belng ca able
provi di ng iwOemes® i on i n each of the wavel engths 4 ”gy t he
i ndi vi dual chi ps and any conbi nation thereof.

-10- ?

PCT/ US96/ 15822 1 12. The iIIunina(?on source of claim8 wherein the
chi ps can sinultaneously be nodul ated to 2 transmt information and
generate il lum nation.

.
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\]{-el’tl(:lt-gJ égv:!ti/u?up?;:e‘e%oﬂFﬂmﬂmlmnuugﬂmulmach ch|#m ‘a mglf{‘zg

of - 3 _vertical cavity surface enlttlng aser elenments, the el ements on
each chip generating | aser |ight 4 of a predeterm ned mavelength and

bei ng coupl ed together so that they can be driven at |east PCITUS96A3822 ! €l ;
6 a power supply coupled to each of the chips. the power supply

beilng & Andiisiiratioalsbircotomprising: suppl yi ng dri ve current to all the
elenments in all of the chips in parallel: and a controller

coygpled to t £ v ut.put  of .t
Chl ps and [#ﬁ@&m nat%ﬁa‘fs urce o‘%rm‘{léflpﬁs'%ré %@f]ﬁﬁ'g}%ﬁ ﬂ&?ﬁ%??ng

i cal em. i Surfl ced petween the i I | um nation source and objects
be ng MGPM pofey ayL e mrsﬂgn ejements opy each shipsgeneratingdanee light t he
t enpor al coherenge of the individual |asing elenments. 1 14. The
i | #uni edaiposdetomined vedvelengthrand $leingonpled eogethicn so ity Su bt Wrivamatdeast
regul at ed by the 2 controller to provide a variable drive current to
eash ofip pialléla i3 Ut efits beirlg B 1&Y2 ti he
|IIumna|on source to di mmed. . e u of

5 ifl g--J,J .' d by

8 a power supply coupled to each of the chips, the power supply being at least capable of
~'9 supplying drive current to all the elements in all of the chips in parallel; and

10 a controller coupled to the power supply for controlling the light output of the cilips.

1 9. The illumination source of claim 8 wherein the elements comprising each chip generate
2 light of the same wavelength, the wavelength of light generated by each chip differing from

3 that of every other chip.

1 10. The illumination source of claim 9 wherein the combined light from each of the chips

2 forms a white light.

1 11. The illumination source of claim10 wherein the controller can accept a user input, the user
2 specifying which of the chips should be generating light at any predefined time, the
3 illumination source then being capable of providing illumination in each of the wavelengths

4 generated by the individual chips and any combination thereof.

-10-
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PCT/ US96/ 15822 3 of an(JcI“l“lezIm”mwm,s each d&ggp‘f)el%g coupl')ezd7

10 -one anode contact group, theree being s | east two anode contact
groups on each chip, the di mm ng being accorrpl [ shed by 5 sel ectively
deactivating at | east one of the anode groups. 1 1PCHUSYIG822 Or
providing area illumnation in a plurality of wavel engths, the nethod 2
conprising the steps of: 3 fabricating apIuraIity of verti cal
cavity surface emtting | aser arrays, each of the arrays generating

Is:JppI y capab x‘t(‘@é{ggeg%@?w ngglérgﬂ thf ﬁhl Q%F#@%Qﬁé%ﬁg@dhﬁtﬁ% t§ g\r/vgr I n

the arrays.si Itaneou ly in rallel; and 7 pl aci ng an
ot i caratsmit rﬁ’@“@?%‘iﬂﬁ%&—%ﬁ&ﬂ%@arrays and obj ects being illuninated,

8 the optical diffusing system preventing damage whi ch m ght result from
t he coherent I|ight 9 generated by the | asers.

1 13. An illuminati o

2

3 vertical cavity surface emitti 1 elements, the elements on each chip generati li

4 ofa termined wavelen being coupled together so that the driven at le

6

7

8 a control u to the power supply fi li i u

9 chips.and [The illumination source of claim 8] wherein a phase destroying optical system is

10 placed between the illumination source and objects being illuminated, the phase destroying

1 optical system reducing the temporal coherence of the individual lasing elements.

1 14. The illumination source of claim [8] 13 wherein the power supply can be regulated by the
2  controller to provide a variable drive current to each of the lasing elements simultaneously,

3 thereby permitting the illumination source to be dimmed.

1 15. The illumination source of claim 14 wherein the illumination source can further be

2 dimmed by forming a single cathode contact to all elements on a chip and forming a plurality

-11-
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|k| | um nat i on source. 18. The ret hod” of clai m [14] 16 wherein the
arrays and power supply are additionally coupled 2 to a controller,

t he.control | er being capable of adjusting the current suppbkﬁgukg&ﬁgggz
array by 3 t he power supply.

Pé‘?’/ UsSa A% gpntact groups, eqgh elgment heing coupled to one anode contact gr PH% there being

| ur al of vertlcal cavity surface emtt| ng | aser chips, each chip
ha i ng éi {9 quogle ggntact groups on ¢ach chip, the digpmipg heinpaceonaplished by | aser
el enents, the elenments on each chip generating | aser |ight 4 of a

pr &édet @chcwydmwangmlndommhpmdplg&dproget her so that they can be
driven at | east

1 16. A method for providing area illumination in a plurality of wavelengths, the method
2 comprising the steps of:
3 fabricating a plurality of vertical cavity surface emitting laser arrays, each of the arrays
4 generating light of different wavelengths;

=5 coupling the arrays to a power supply capable of at least driving all the vertical cavity
6 lasers in the arrays simultaneously in parallel; and
7 placing an optical diffusing system between the arrays and objects being illuminated,

8 the optical diffusing system preventing damage which might result from the coherent light

9 generated by the lasers.

1 17. The method of claim [14] 16 wherein all of the arrays generate light of the same

2 wavelength to provide a monochromatic area illumination source.
1 18. The method of claim [14] 16 wherein the arrays and power supply are additionally coupled

2 to a controller, the controller being capable of adjusting the current supplied to each array by

3 the power supply.

-12-
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50 {err]m 7 a pow&r S&uppl y* cdupl*ed to each of the chips,
the power supply being at |east capabl e of 8 suppl ying drive current
to all the elements in all of the chips in parallel; and pcusessiss:
controller coupled to the power supply for controlling the |I'ight output of

thg chiigs An illumination séBce d6I&: 'giﬁ%m' nation source of claim 19 wherein the
el ements conprising each chip geherate i ght of the same

2
wayel engt h, the wavel ength of. |ight generated each chip differing from
3 * thgt ofa@%’;@’ %‘t%‘?"“t@ﬁ?‘ﬁ?y suffite gﬁlmn@[ﬁse‘ S; §ach sripdiaving apluralily of
claim 19 wherein the chips can sinultaneously be nodul ated to 2 transmt
i nBor nevertioal eavity surfacegmaitting lasdr clements, the elements orp@achThip géneratingdaseptighour ce
of claim 19 wherein a phase destroying optical systemis placed 2
beyweefaeedetdrtifodavdveleng i dndtheiipconPled ¢égetliteso thak tHeyHan Bk rved BOlepasEe

destroyi ng opti cal 3 systemreduci ng the tenporal coherence of the

I ngi vi qﬁ'ﬁ&railé?h@%eﬂmﬁ'surface emitting laser elements being separated from one another

6 by a distance of between 20 um and 50 um;
7 a power supply coupled to each of the chips, the power supply being at least capable of
8 supplying drive current to all the elements in all of the chips in parallel; and

79 a controller coupled to the power supply for controlling the light output of the chips.

1 20. The illumination source of claim 19 wherein the elements comprising each chip generate
2 light of the same wavelength, the wavelength of light generated by each chip differing from

3 that of every other chip.

1 21. The illumination source of claim 19 wherein the chips can simultaneously be modulated to

2 transmit information and generate illumination.
1 22. The illumination source of claim 19 wherein a phase destroying optical system is placed

2 between the illumination source and objects being illuminated, the phase destroying optical

3 system reducing the temporal coherence of the individual lasing elements.

-13-
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power supply can be regul ated by the S controller to provide a

vari abl e"drive current to each of the IaS| ng el ements sinmultaneously, 3
thereby permtting the illum nation source to be di mmed. 4. The

il
be
ch|1
bej
ard
sel
3

P ™

L

@

um nat i on source of claim23 wherein the illum nation S%G;régé%gﬁg 7(?rt her

o af The SERGGY shedbrihilh 2 0B e <8 bé?%%@e«‘fés el enent

ng c%ﬁ? d to ope anode cont act %roup, t here being at | east two
de €Eonfrolier tqproyide asyariahleidrive cptrent ke eashrafithelasiag n@nmmmmltamﬁ@uslgy 5
ectively deactivating at | east one of the anode groups.

thereby permitting the illumination source to be dimmed.

24. The illumination source of claim 23 wherein the illumination source can further be
dimmed by forming a single cathode contact to a.ll elements on a chip and forming a plurality
of anode contact groups, each element being coupled to one anode contact group, there being
at least two anode contact groups on each chip, the dimming being accomplished by

selectively deactivating at least one of the anode groups.
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