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{57) Abstract
A lighting apparatus including a fibrous cold cathode field emitter wherein fibers of said cold cathode have a diameter of less than

| with emitted electrons from the cold cathode field emitter of generating a pessistent light, and an evacuated enclosure of less than about
105 Torr containing within the enclosure the cold cathode field emitter, the anode and the phosphor is provided.
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15 Although fluorescent lighting is a highly efficient method of lighting, it does
suffer from several deficiencies. Among these deficiencies are ecological concerns.
Fluorescent light tubes are now classified as hazardous materials by the U.S.
Environmental Protection Agency (EPA) as these tubes contain mercury, a highly
toxic and regulated material. ‘This problem has lead to developments such as in

20 U.S. Patent Nos. 5,229,686 and 5,229,687 which describe the potential leaching
problems of the mercury from such lights and the addition of a chemical agent to
these lights for reaction with the mercury upon pulverization of the light. Further,
the ballast resistor required in most, if not all, flucrescent lighting systems can
contain polychlorinated bipheny] oils (PCB's) such materials being highly

25 carcinogenic materials also regulated by the EPA.

Generally, the production of light in a fluorescent bulb takes several steps.
First, liquid mercury within the tube is electronically heated to volatilize at least
some of the mercury. Then, an electric current is passed through the mercury
vapor to excite the mercury into 2 plasma state. The excited mercury plasma emits

30 ultraviolet (UV) light. Finally, the UV light strikes a phosphor in the bulb with the
phosphor converting the UV light energy into emitted visible light. This light
production pathway has certain performance shortcomings. In comparison to
conventional incandescent tungsten lighting systemns, fluorescent lighting systems

. are slow to start as the mercury must first be heated to provide mercury vapor.
35 Also, finorescent lights are known to make acoustic noise due to the transformer
. and ballast register clectronics needed to start and keep the current flowing

through the mercury vapor. Oscillation in light output from fluorescent lighting-
_ can occur when the system is cold and first turned on thereby distracting some
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It is another object of the present invention to provide a fluorescent light
having a substantially instant tum-on. .
Still another object of the present invention is to provide a low voltage, low
25 power backlight.
- SUMMARY OF THE INVENTION
To achieve the foregoing and other objects, and in accordance with the
purposes of the present invention, as embodied and broadly described herein, the
present invention provides a lighting apparatus including a fibrous cold cathode
30 field emitter wherein fibers of said cold cathode have a diameter of less than about
100 microns, an anode for reaction of electrons emitted by the fibrous cold cathode
field emitter, a phosphor capable upon contact with emitted electrons from the cold
cathode field emitter of generating a persistent light, an evacuated enclosure of less
than about 10-5 Torr containing within the enclosure the cold cathode field emitter,
35  the anode and the phosphor. The persistent light preferably has a luminous
intensity of at least 20 lumens per watt.
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accordance with the | |ght| ng apparatus of present invention.

FI GURE 2 shows oded view of a flat plate device in acc 5
with the |i ght?’@’%ﬁ%&r atus of present invention. 9@%@%&3& 3
shows a bul b device in accordance wt h the i ghtl ng appar at us

present inventi on. am pr oduci ng
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FI GURE 6 shows driver ci rﬂéukimswkmiﬁm&wao#@m%@&eﬁ&%w

I nvent i on. 7 sflons 3 bul b device for use in
standard light bulb E&%P@‘"’S*‘P& th mvention. DETAI LED
DESCRI PTI ON FIGURES shows e hulbidevice in aenordancecitisthe lighting appagptus

em sston |ighting apw%@ﬂﬁbgo a fiber field emssion lighting

(FFEL) apparat us. FIGURE 4 shows a light beam producing device in accordanice with the

lighting apparatus of present invention.

10 FIGURE 5 shows a test device in accordance with the lighting apparatus of
FIGURE 6 shows driver circuits for the lighting device of the present
invention.
FIGURE 7 shows a bulb device for use in standard light bulb sockets.
15 DETAILED DESCRIPTION

The present invention relates to a field emission lighting apparatus and to a
-fiber field emission lighting (FFEL) apparatus.
The lighting apparatus of the present invention uses field emission to
generate light output from a phosphor, e.g., a cathodoluminescent material.

20 The field emission lighting apparatus involves a fibrous cold cathode field
emitter. The field emission electron emitting material can be any material that can
be provided in the form of a fiber. Preferably the ficld emission electron emitting
material of the fibrous cathode is diamond, diamond-like carbon or glassy carbon.
Diamond is especially preferred. Preferably the fibrous cathode is formed of one or

25  more diamond, diamond-like carbon or glassy carbon composite fibers consisting
essentially of diamond, diamond-like carbon or glassy carbon on non-diamond core
fibers. The non-diamond core can be made of a conductive or semi-conductive
material. Alternatively, the core can be made of a non-conductive material '
surrounded by a film coating of a conductive or semi-conductive material. The

30 corc material in the diamond fiber can be, e.8., a conductive carbon such as
graphite or a metal such as tungsten, or can be, e.g., silicon, copper, molybdenum,
titanium or silicon carbide. In another embodiment, the core may consist of a more
complex structure, for example, a non-conductive material surrounded by a thin

* coating of conductive or semi-conductive material. A diamond, diamond-like or
35  glassy carbon layer is then coated on the sheath. As examples, the non-conductive
. corecmbeasynﬂteﬁcﬁbersuchasnylon.KBVLARQ(KEVLAR"isaregistered

trademark of E. I. du Pont de Nemours and Company, ‘Wilmington, DE), or
polyester or inorganic materials such as ceramics or glass. In other embodiments, a



The lighting apparatus of the present invention uses field em ssion to
generate light output froma phosphor, e.g., a cathodol um nescent material.
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3 15  suitable graphite fiber treated by exposure to a laser as described by Friedmann, in
U.S. provisional patent application mumber 60/002,277, entitled "Method for
. Creation of Controlled Field Emission Sites” filed August 14, 1995, or a
diamond-coated or diamond-like-coated nickel-coated KEVLAR® fiber as
described in U S. patent application number 08/387,539, filed February 13, 1995,

20 or fibers containing glassy carbon, an amorphous material exhibiting Raman peaks
at about 1380 cm-! and 1598 cm-l. "Diamond-like carbon” is used herein to
designate the material referred to in the literature as diamond-like carbon as weil as
glassy carbon and carbon containing microscopic inclusions of glassy carbon, all of
which are diamond-like in their performance as field emission materials.

25 Addmonally,dteﬁbrouscoldcathodemaygenerallybeofanconducnve
material having an activated surface, i.c., capable of allowing electrons to be drawn
off at a relatively low bias voitage, with suitable dimensions, i.e., diameters of
generally less than about 100 microns, preferably less than about 15 microns, and
more preferably less than about 10 microns. Among the suitable materials may be

30 included thin fibers of magnesium oxide and the like, suitably with an activated
surface based on treatment of the fibers by, e.g., flash heating.

Generally, the fibers of the fibrous cathode each have diameter of less than .
" about 100 microns, preferably less than about 15 microns. and more preferably less
than about 10 microns. Smaller diameter fibers reduce the voltage necessary to

35  generate the field emission. Preferably, the diameter exceeds 1 micron. Generally,
diameters of the fibers of the cold cathodes are substantially smaller in dimensjons
than the metallic filaments commonly used in presently available lighting apparatus.
While a single fiber can be used as the fibrous cathode, it is generally preferred to

4



WO 97/ 07531

PCT/ US96/ 13091 di anond, di anond-1i ke carbon or glassy carbon
precursor can be coated onto the non- di anond core or the core can
be a di anond, dianond-Iike carbon or gl assy carbon precursor and
the di amond, dghpks{ i ke carbon or glassy carbon is then PCT/USOG3bs¥ED
by appropriate treatnent of the precursor. 5 In particular,
the field em ssion |ighting apparatus involves a fibrous cold

cathode field em tt gge MbiethanGisinghefilet ad the fibigpecatine td froddbmdiilanydn in U. S.
pat ent : appl t gag Nel - I-Ig al nunber 08/196, 343, filed February 14,
1994, entitled "D a G aphite Field Emtters”

Bl anchet - Fi ncher et al ., Thephgsphor ysaddn the lighting agparaiys of °Pm°m’§§?°r"81‘°%nber

08/ 387,539, filed ngﬁaﬂry)bemmylﬁﬁmmdﬂétdgendmﬁsmmhﬁpdmmim&by 10
Emtters" which i S COM ﬁ#,q.{gg l,x,d,,
application serl a nunber g“%&?ﬁ‘ dﬂgg mQM
entitled "Di anond Ficadmiup spifide -mcad““"‘“éﬂﬁﬁ@?éf"é's
i ncor por at ed herei nwmmimmmntmmmmsdoroﬂmwenmmml eld
emtter can be any q{;ﬂg{t Hh%hi?ng; sgﬂb%g&ﬁwumeﬂ&t&%ﬁ&nmpo@s a

i ber trea

suitable graphite f ;B ?tre to Intense i on beamtreatnent
or a 15 suitable ¥%d by exposure to a | aser as

descri bed by Fridmann, nhephosphorusedm&eppasmmmmﬁmhm&meE
number 60/ 002, 277, gefsidcat! from a particulaf péiatidf @ik phbsphoirddeohated

Field Em ssion Sites I yst 1% 199 ted
or dianmond-|ike- coat‘%ﬂ']lfil &éﬁ%ﬁ ‘%‘ﬁ"]‘mf'ﬂl g'ews?m%%%&a
described in U S. pMMW‘WmMW%Qmmm%MWWB

1995, 20 or fi BRessig@Phrdédst Zinbleaspey weR! bon, an anor phous materi al
exhi bi ti ng Raman eaks ?iﬁg rﬂ g; Pidackaibrdud i’ | -
"Di anmond- | i ke ca i's us]é‘ﬁhoﬁlé%é?ﬂgﬁy&fﬂk b é%"g]%ate '?h gﬂtggl al
referred to in the m#@%tiﬂ?em&@r,mp&ﬁmw pp anede forigiraction

gl assy carbon and cahbcuﬁcﬁﬁdaﬁahmmrpﬂkmﬂmnunbﬂm&mneﬁ%sy

carbon, all of | %tﬂliﬁﬁ%ﬂ:\:h{'\&?d rt{,pﬁ?ﬁge as
field em ssion materi ﬁﬂ.g%a d |onaII h?ﬁ'%wﬁscold
cat hode may gener al I’}’Pﬂ'émﬁf’f%m%’m?@m

activated surfaczg |banng:hpmhtceryabfcaiﬂqhsmg @Vﬂmutmwdomapm

Sff at a re:c atively rhé’lié!ﬁ' m ;&gﬁ phdsEiR ASiefion, cah Be readily
0L 20 1 OF 15 el s el b e 0 QB Bt
When more voltage is applied, more electrons are emitted and impinge upon the

phosphor material resulting in additional Iight output, i.c., a brighter light. When

25 less voltage is applied, but above the minimum tum-on voltage for the fibrous field
emitter, less electrons are emitted and impinge upon the phosphor material
resulting in a reduction in light output, i.., a dimmer light. No starting circuits are
necessary for the lighting apparatus of the present invention, only a rectifying
voltage step-up circuit and a simple current limiting circuit. Sucha current limiting

30 circuit can consist, e.g., of a small resistor/inductor in series with the fibrous cold
cathode.

The evacuated enclosure typically maintains a low pressure of least as low
as about 10-5 Torr. Such an evacuated enclosure can be, €.g., 2 glass bulb or
multiple glass sheets with appropriate spacer material therebetween.

35 The lighting apparatus of the present invention uses electron emission
induced by a directed, shapable applied field. This is in contrast with lighting using
a plasma which results in a non-directed light source. This allows practical, but
varied, shape configurations of the present lighting apparatus without limitations to
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have a diameter of from about 1 micron to about 20 microns, preferably about
5 microns to about 10 microns. The glass tube can be a circular cylinder as shown
15 oritcan have a configured surface.
In another embodiment of the present mvenuon, shown in Fig. 2, light 20
- has a flat plate design with a flat plate 22 having a fibrous cathode element array 24
thereon. A transparent second flat plate 26 includes a coating of transparent
conductor 28 upon the surface of flat plate 26 facing cathode element array 24 and
20  acoating of a phosphor or cathodoluminescent material 30 upon transparent
conductor coating 28. ‘A spacer plate 26 separates flat plate 22 and flat plate 26
and provides an evacuable enclosure for fibrous cathode element array 24,
transparent conductor coating 28 and phosphor or cathodoluminescent material 30.
Conductor electrodes are connected to transparent conductor coating 28 and
.25  fibrous cathode element array 24.

In another embodiment of the present invention, shown in Fig. 3, a bulb-
shaped light 40 includes a glass globe 42 having an interior coating of a transparent
conductor 44 and a coating of a phosphor or cathodoluminescent material 46. A
fibrous cathode element 48, the fibrous field emitter, is situated within glass globe

30 42. Conductors are connected to fibrous cathode element 48 and to the
transparent conductor coating or anode 44. The fibrous cathode element 48 can
consist of a single fiber or can include a multiple of fibers. Generally, the single
fiber or mdmdual fibers making up the multiple fibers can have a diameter of from
about 1 micron to about 20 microns, preferably about 5 microns to about

35 10 microns.

In another embodiment of the present invention, shown in Fig. 4(a) and
Fig. 4(b), a light 50 capable of producing a light beam output 52 includes glass -
hemispherical support 54 having coatings upon the concave inner surface of
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limtations to is in the form of a standard light bulb with a screw type base. The inner surface of
the glass bulb 121 is coated with a transparent conducting oxide 122 and a
phosphor or cathodoluminescent material 123. A fibrous cathode field emitter

25 comprised of a field emission electron emitting fiber 124 is in the central region of
the bulb. The fiber emitter is shown in a triangular configuration but could be in
other configurations, e.g., a circle or a figure having four or more sides. The fiber
emitter is supported by a non-emitting current carrier 125. Emitted electrons are
shown by the arrows 126. The scxewtypebaseumusexmauyrhcsmeasused

30 for standard incandescent bulbs.

In operation of the lighting apparatus of the present invention, power
density of about 1.5 watts per inch from the cathode can generally be necessary to
generate .;mffident electron emission. Generally, if the bias voltage on the fibrous
cathode is at least 1500 Volts, then the emission current per inch must be at least

35 about 1 milliamperes.
~ The present invention is more particularly described in the following
example which is intended as illustrative only.
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PCT/ US96/ 13091 the traditional elongated tube. No natter what
shape the |ighting apparatus has, el ectron em ssion fromthe fibers
of the fibrous cathode occurs along the | ength of the fibers
utilized and nofyofg7fasyhe fiber tip or end. | N peRRISI6/13091
enbodi nent of the. present invention, shown in Fig. 1, a light 10 5

i ncluded a glass tube 12 as an evacuabl e encl osure. The inner or interior
surface of gl ass tube 12 can be coBKAMBEE D a transparent conduct or

??b?gugnggtehggg ZI erreﬂ&wlgﬁ@ﬁg% &% Mw%%gﬁsem tter | s Sl tm@t ed

within glass tube 128 m%ﬁ”ﬁp?"ﬁéltﬁﬁl e mtense ion be: ’é’é

to fibrous cathode elfibeswds plepandas followsie transpar ent conduct or
coating or anode. gThe fi btﬂ#&éﬁﬂggﬁ ?gygm PHEM

fiber, canlncludearm canlnc e iM?;ce smg

fi ber. GeneP% STERRE YR8 U5Fe SPregd Pt acERst By up

the multiple fibers cfmeandthefmneplawdmdﬂmﬂmfenmmbeabmm cron to
about 20 microns, prgiQrdabtewinPReieachings of Rej éamﬁébogé.ﬁx&ﬂme 0 mcrons.
conf {gur ed sur f age, 7P 27352760, Bot. 1853 Lo e tttas‘fs%e%a o
i nvention, shown10n Hiedrang from ths focagof the ion beam was varied betveest about sigmichps tavi t h
a flat plate 22 havi ngirthés m,g ﬁ@ﬁ%ﬁ%ﬁ&dmmmﬂ her eon.
Conduct or 25 upon ¢ nd eish Bl Sriiia aRnd 16 By E% i téaese"” ‘ﬁ@mung”ay
24 and 20 a coat pﬁgpﬂteq%%mwaawtmw
upon transparent framewasmmedover(180°)andthcreversesxdeoftheﬁberswasexposedtoa
15 single pulse of the intense ion beam. The resultant fibers were tested and shown to
be excellent field emission electron emitters.
. A fiber was then attached to conductor "A" shown in Figure 5. A zinc
oxide:zinc phosphor was coated onto the copper mesh screen. A potential
difference of about 3.5 keV was applied to the cathode and anode, i.e., to
20 conductors "A" and "B". A current of 2-3 mA was obtained over a one inch
(2.5 cm) length of fiber together with a persistent light emission. About 10 watts
per inch (2.5 cm) was obtained for lighting purposes.
Although the present invention has been described with reference to
specific details, it is not intended that such details should be regarded as limitations
25  upon the scope of the invention, except as and to the extent that they are included
in the accompanying claims.



conductor coating 28. A spacer plate 26 separates flat plate 22 and fl at

pl ate 26 and provi des an evacuabl e enclosure for fibrous cathode
el enent array 24, t ranspar ent conductor coating 28 and phosphor or
cat hodol um nescent material 30. - THiS SHEet H}m S lh=ctrodes are connected
to transparent or coating 28 B b cat hodecaihReBivo
array 24. W%gl I n anot hel enboBEMEABEDOf t he present inventi(9)ln,
shown in Fig. 3 a bul b- shaped Tt1ght 40 1ncludes a glass gl obe 42
having an interior oggiarg Gladais agspar ent conductor 44 and a
coating of a-phosphor or cathqdol.um nescent naterial 46. A fibrous
cat hode el enent 48, the fk brg:ibggf‘? rparaiyp ™5 situated within _glass

gl obe 30 42. Conductors afibrogpenideathode field emistep insluding ioneier mo 48 and

to the t I aNQiaAing Bt meR HbefsloP baif Ablohs @ld dathddORsvinga didiieriof lesodian
cat hode el enent 4 c&g .consist of a single fiber or can include a
mul tiple of fiber Pt 09 o

"he single fiber or individual
fibers making up the multi pl et rigde for gamactionof cold

about *1 micron to ab&hodefeldemitets, preferably about 5 microns to about

35 10 m crons.
I nvention, shown in Fig. 4(a) ghﬁbﬂor%%ﬂ iE g‘m‘%ﬁ@? a i Eﬂ% %’) capabl e of
producing a |ight be@‘ﬁ?‘éﬁﬁ"iﬂﬁaﬂ!} ’mi spher i cal
support 54 havi ngpcoati ngs upmﬁ&mﬁmchmoﬂimnhmubémdﬁ'smmaommnmg

6

PCT/ USO6/ 1\?:\609?7/ 0753 thin the enclosure, the fibrous cold cathode field emitter, the anode and the
phosphor.
2. The lighting apparatus of Claim 1 wherein said one or more fibers
have diameters of from about 1 micron to about 15 microns.
15 3.  The lighting apparatus of Claim 1 wherein said fibrous cold cathode
field emitter includes more than one fiber.
4.  The lighting apparatus of Claim 3 wherein said fibers have diameters
of from about 1 micron to about 15 microns.
5. Thelighting apparatus of Claim 1 wherein said evacuated enclosure is
20 of a globe shape.
6. The lighting apparatus of Claim 1 whemmsaxdevacuatedenclosme is
of a hemispherical shape.
7. Thelighting apparatus of Claim 3 wherein said evacuated enclosure is
of a globe shape.
25 8.  The lighting apparatus of Claim 3 wherein said evacuated enclosure is
of a hemispherical shape.
9. ‘The lighting apparatus of Claim 1 wherein said evacuated enclosure is
of a flat plate shape.
10.  The lighting apparatus of Claim 3 wherein said evacuated enclosure is
30 of a flat plate shape. ' |
| 11. The lighting apparatus of Claim 1 wherein said evacuated enclosure is
of a cylindrical shape.
12.  The lighting apparaus of Claim 3 wherein said evacuated enclosure is
of a cylindrical shape.
35 13.  The lighting apparats of Claim | wherein said apparatus is further
’ characterized as mercury-free. :
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reflector material 56, a transparent conductive material 58, and a phosphor
or . cat hodol um nescent material 60. A fibrous cathode el ement 62,
the fibrous field emtter, is situated within glass hem sphere 54.
Conductors are connected to fi brous cathode el enent 62 and to the
transparent CcoRpyes#@iszcoati ng or anode 58. 5 Varying thﬁxﬁﬂﬁ%@nﬁﬁlthe
gl ass support 54.can result in a nore concentrated |ight eam For
exanpl e, a parabolic support woul d acconpM{Sh this result.

Figure 5 shows a sinple test device used to test field em ssion variabl es

of the fibrous cathodes including a clear plastic, e.qg.,
Lucite[err] plastic, tube 70 capped C wth end caps 72 and 74 to
form an evacuabl e encl osure. End cap 72 includes an 10~ opening 76°

connected to a vacu (oY %ﬂnﬁj wi thin_the _evacuabl e
encl osure is a gr ou;ﬁbe'd '(r:%&gceﬁtﬁscr egﬂmm%b&fgﬁd’ﬂﬁqh a phosphor or

cat hodol um nescent material 80. A fibrous cathode el enent 82 is situated
Wi t hin grounded cop :
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generate sufficient electron em ssion. Generally, if the bias voltage on

the fibrous cathode is at |east 1500 Volts, then the em ssion
current per inch nust be at |east 35 about 1 mllianperes. .

The present invention is nore particularly described in the follow ng
exanpl e which_j s nded as illustrative only. PCT/US96/13091
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PCT/ US96/ 13091 A lighti r(g. appar atus was assenbl ed
essentially as shown in Figure 5 using a carbon fiber that was
exposed to a single intense ion beamtreatnment. The carbon _ fiber
was prepared as fol Fgv@. sulb® Bhaped FFEL  Untreated graphite fibers
(comrercially available 1M/ graphite fibers from . “Hercul es, Inc.,
Wl mngton, DE) froma graphite yam were sp{*g‘ad OUdlafCGigps 2a frame
and the frame placed in the path of an intghde idrwitteamemsrated in
accordance with the teachings of Rej et al] Rey/ Sovetidghetrum 64(10),

pp. 2753-2760, Cct. 1993. The volt age ot SGhekphoosnd t s. The di st ance
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of a pulse of the ion beam was about one m crosecond. After a single pulse,
t he . frame was turned over (180[err]) and the reverse side of the
fi bers was exposed to a 15 single pulse of the intense ion beam The
resultant fibers were tested and shown to _ be excellent field

em ssi on el ect hpH oRgdsist €r S. : A fiber was then apdpGsveasdep
conductor "A" shown in Figure 5. A zinc 5oxi de zinc phosphor was
coated onto the copper nesh screen. A potenti g]/ di fference of about
3.5 keV was applied to the cathode and anode, i.e., to 20 conductors
"A" and "B". A current of 2-3 mA was obtained over a -one inch (2.5
cm) length of fiber together with a persistent |ight em ssion. About 10
watts per gRcd 28D s obtained for |ighting -purposes.

Al t hough the pr ese‘n’??rﬁr‘?ﬁ on .H?E been described with reference to
specikic details, it is not intended that such details should be regarded
as limtations 25 upon the scope of tT® Y&¥tion, except as and to the

ext-.ent’ that they are included in ‘he}.eﬁrrpanyl ng cl ai ns.
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8 WHAT IS CLAIMED | S: 1. A lighting apparatus
conpri sing: a fibrous cold cathode field emtter

i ncludi ng one or nore fibers, said one or nore fibers of said fibrous
cold cathode having a dianeter of |ess than 5 about 100 m crons;

an anode for amosmrsan of electrons emtted by the fibrous cecuusssizoon

cathode field emtter; a phosphor capabl e upon cont act
with emtted electrons fromthe fi brb{is cold cathode field emtter of
generating persistent light; 10 an evacuat ed éncl osure of

| ess than about 10-5 Torr containing wi thin the enclosure, the
fibrous cold cathode field emtter, the anode and the, ’ phosphor, with
t he proviso that eat mtheflbers of the-fibrous

cat hode occurs al ghgs‘tzgaf'g?@;ﬁ‘ @E" ﬂ=1‘“f'bers utilized and not fromthe )
fiber-tip or end. 15 . The lighting apparatus of Caiml
wherein said one or nore fibers have di aneters of from about 1 mcron
t 0. about- 15 nicrons. 3. The:-lighting apparatus of Caiml
wherefn said fibrous cold cathode _—1 ) gnmitter includes nore than

atus of daim3 wherein said
cgon to about 15 m crons.
sai d evacuat ed encl osure

one fi ber. 4.
fi bers have dianeters 20
5. The |ighting apparat
is of a globe shape. ting apparatus of Claiml
wherein said evacuat ed eﬁé?&gﬁre hem spheri cal shape. 25
7. The lighting apparatus of d ai m & Jherefrrbsai d evacuat ed encl osure
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is of a gl obe shape. 8. The lighting apparatus of Claim3

wherein said evacuated encl osure is of a hem spherical shape.

9. The lighting apparatus of Claim 1l wherein said evacuated encl osure 30-
is of a flat plate shape. 10. The lighting apparatus of Claim .
3 wherei n sal dwysmorssied encl osure is of a flat plate shaqIeUus96/13091

11. The lighting apparatus of Claim1l whegmin said evacuated enclosure

is of a cylindrical shape. 35 12. The |ighting apparatus of
Claim 3 wherein said evacuated encl osure is of a cylindrical shape.

13. The lighting apparatus of Claim1l wherein said apparatus is further
characterized as nercury-free.
9




