wo 2013/009557 A2} 10} 0000 OO OO O AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/009557 A2

17 January 2013 (17.01.2013) WIPO I PCT
(51) International Patent Classification: (71) Applicant (for all designated States except US): GENER-
HO01J 61/34 (2006.01) HO01J 61/82 (2006.01) AL ELECTRIC COMPANY [US/US]; 1 River Road,
HO01J 61/54 (2006.01) Schenectady, NY 12345 (US).
(21) International Application Number: (72) Inventors; and
PCT/US2012/045513 (75) Inventors/Applicants (for US only): PANYIK, Tamas
(22) International Filing Date: [HU/HU]; Vaci Ut 77, HU 1044 Budapest (HU).
g ) 5 July 2012 (05.07.2012) CSONGVALI Roland [HU/HU]J; Vaci Ut 77, HU 1044
y o Budapest (HU). JANKI, Zoltan [HU/HU]; Vac Ut 77, HU
(25) Filing Language: English 1044 Budapest (HU). RAMAIAH, Raghu [US/US]; 1975
. Noble Road, Nela Park, East Cleveland, OH 44112 (US).
(26) Publication Language: English
L. (74) Agents: DIMAURO, Peter T. et al.; General Electric
(30) Priority Data: Company, Global Patent Operation, 2 Corporate Drive,

[Continued on next page]

(54) Title: HIGH INTENSITY DISCHARGE LAMP WITH IGNITION AID

(57) Abstract: A high intensity discharge lamp includes an electrically insulating arc
tube. A sealed shroud encloses the arc tube. An electrically conductive frame member is

mm.

disposed inside the shroud and is electrically connected to an electrical conductor that
extends in the arc tube. Electrically conductive foil is fastened to the frame member and
forms a closed loop that encircles a leg of the arc tube by an angle in a range of at least
270 degrees to 360 degrees. The foil can be connected to the frame member and to it-
self. A distance from an outer surface of a flange of the arc tube leg to a proximal edge
of the toil can range from 1.5 to 8 mm. A width of the foil can range from 1 mm to 4



WO 2013/009557 A2 |IIWAT 00N A0 A U A

31

84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2013/009557 PCT/US2012/045513

High Intensity Discharge Lamp with Ignition Aid

Field of the Invention:

(0661} This disclosure relates to high intensity discharge lamps, and in particular, to

ignition aids used in such lamps.

Background of the Invention:

[6002] Differences exist in speed of breakdown and the number of electrons needed to
initiate a self-sustained discharge, but the underlying breakdown mechanism is the same for low
pressure discharges (e.g., fluorescent lamps) or high pressure discharges (arc discharge lamps).
Discharge is initiated between two conductors that are given opposite electric potential. The
space between the conductors usually comprises a gas, and efforts are made to maintain the
quality/purity of the gas by enclosing it in a hermetic vessel. The essential end result of the
discharge is the creation of a plasma between the two conductors. Plasma is defined as a
conductive medium, containing equal proportions of electron and ions, which allows for
conduction of electric current through an otherwise insulator material, i.e., the gas in its initial

state.

(00063} Initially, the gas contained in the arc tube is non-conductive. If an electric
potential is applied on the conductors, this creates a favorable situation to strip the outer orbital
electrons from the atoms of the gas and thus create free electrons, which are then accelerated
though the gas by the electric field generated between the conductors, and initiates more
electrons by collision with gas atoms, which in tumn are ionized. If the electric field is high

enough, each electron thus created will create additional electrons by inelastic collisions with gas
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atoms and ions, and initiates an electron avalanche. Such an avalanche creates the discharge.
However, to create such electrons by simple dielectric breakdown of the gas atoms by the
electric field requires several kilovolts of electric potential. Higher and higher electric potentials
require more expensive external electrical circuitry, and may not be commercially feasible.

Unwanted breakdown can also occur in the outer jacket and in the cap-base region.

[0004] Discharges for commercial applications employ an additional source of free
electrons, which removes the need for generating such high voltages to initiate the discharge.
Such external sources can be a heated filament, use of the ever present cosmic rays, or providing
a source of electrons by radioactive decay. Heated filaments are not practical in high intensity
discharge (HID}) lamps, and the cosmic ray background radiation is insufficient to dramatically
reduce the need for very high electric fields needed to initiate the ignition, unless other methods

are used to lower the breakdown voltage.

[G005] For providing a source of electrons by radicactive decay, typically what has been
used in the past in the HID arc tube is a radioactive gas, such as Kr** with most of the decay
products being beta particles (i.c., electrons). Kr* has a half-life of 10.8 years, with 99.6% of
the decay products being beta particles (i.¢., electrons) having a maximum kinetic energy of 687
kev. These electrons have very high energy, and in many respects are an ideal source for free
electrons and used widely as such for these applications. But to provide enough of these high
energy electrons by radioactive decay, significant quantity of this gas has been used in HID

lamps.

{0006} The presence of Kr® in such lamps diminishes the need for providing very high
electric potential on the conductors, which makes the external electrical circuitry (a ballast) and
systems design simpler and more cost effective. Typical applications use such a radicactive gas
with a ballast that provides a high electric pulse for a very short duration, typically in the
millisecond {microsecond) range, that is very effective in creating the electron avalanche referred
to earlier. However, recent UN2911 government regulations limit the amount of radioactive
Kr* used in lamps. These regulations proscribe the HID famp manufacturers from using the

large quantity of Kr®°gas that has been previously used, as described in preceding paragraph.
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[0007] A number of ignition aids have been designed for improving the ignition of high
intensity discharge lamps. U.S. Patent application Pub. No. 2002/0185973 discloses a lamp in
which wire 1s wrapped around both legs of the arc tube and its central body as both an ignition
aid and for containment, but are not connected to the electrodes. Another reference, U.S. patent
Neo. 5,541,480, discloses an ignition aid in which a conductor that is coated on an exterior surface
of an arc tube of constant diameter between the electrodes is connected to a conductive frame
wire that contacts an electrode. U.S. Patent No. 6,222,320 discloses an ignition aid for a lamp
including an arc tube having a central body portion and smaller diameter legs extending from the
body portion, wherein a conductor that is in contact with a conductive frame wire that contacts

one of the electrodes, contacts only the central body portion of the arc tube.

Brief Description of the Invention:

0008} A need to reduce the Ks®° content in HID lamps exists, but such reduction could
have serious consequence to discharge initiation, and consequently unacceptable performance.

This invention describes a means to obviate this disadvantage of lowering the Kr®® gas content,

(0008} In one embodiment of this disclosure, a high intensity discharge lamp includes an
electrically insulating arc tube including light transmissive material having a central portion and
two legs each of which extends from the central portion. The central portion forms an interior
discharge region in which an ionizable material is sealed therein. Electrical conductors each
extend through one of the legs and are spaced apart from each other in the discharge region. A
sealed shroud including light transmissive material encloses the arc tube and there is electrical
connection fo the electrical conductors through the sealed shroud. An electrically conductive
frame member is disposed in an interior of the shroud and is electrically connected to one of the
electrical conductors. An ignition aid including electrically conductive foil is fastened to the
frame member and forms a closed loop that encircles one of the legs of the arc tube around one
of the electrical conductors. The foil is insulated from the adjacent electrical conductor. The foil
encircles the leg by an angle in a range of at least 270 degrees to 360 degrees. The foil includes

two end portions, and a central portion therebetween that encircles the arc tube leg. A first end
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portion of the foil is connected to the frame member and a second end portion of the foil is
connected to the foil between the central portion and the first end portion of the foil.

106107 Referring to the following specific aspects of the high intensity discharge lamp of
this disclosure, which can be used alone or in any combination in all embodiments disclosed
herein, the legs and central body portion of the arc tube may have a circular cross-sectional
shape. The legs are smaller in diameter than the arc tube. The foil can encircle the leg by the
range of at least 300 degrees to 360 degrees, and in particular, by the range of at least 320
degrees to 360 degrees. There is no electrical conductor encircling an exterior surface of the
other arc tube leg (the leg that is not in contact with the foil} or disposed on an exterior surface of
the central portion of the arc tube. A width of the foil ranges from 1.0 mm to 4.0 mm and, more
specifically, from 1.0 mm to 3.0 mm, in particular from 1.0 mm to 2.0 mm. A thickness of the
foil is less than 0.2 mm, more specifically ranging from 0.01 mm t0 0.15 mum, in particularin a
range of 0.01 mm to 0.08 mm and specifically can be 0.076 mm. A ratio of a width of the foil to
a thickness of the foil ranges from 6.6:1 to 400:1. Each of the legs of the arc tube can include a
flange and a boss extending from the flange into the discharge region so that the flange abuts the
central portion. The central portion can be a cylindrical barrel. A distance from an outer surface
of the flange to a proximal edge of the foil is not more than 8.0 mm and, in particular, not more
than 2.0 mm.

{00111 The arc tube can include polyerystalline alumina. The discharge region can be
filled with inert gas (e.g., argon gas), krypton gas and a dose of mercury and metal halides. A
mixture of argon gas and Kr> gas present in the discharge region can have an activity
concentration of not greater than 0.16 MBg/liter. The arc tube can be at a pressure of 100-500
millibar. The electrical conductors can include a first conductor to which voltage is applied and
a second conductor spaced apart from the first conductor in the arc tube, wherein the frame
member is electrically connected to the second conductor (and does not connect with the first
conductor} and the foil is wrapped around the leg around the first conductor. The first end
portion of the foil can be connected to the frame member, and the second end portion of the foil
can be connected to the foil, by welding. The foil can be comprised of a base metal selected

from the group consisting of Nb, Mo, Ta, Pt, Re, W, Ni, and combinations thereof, and a
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combination of any of the base metals with cladding comprised of one or more of the base

metals.

(6612} A second embodiment of the disclosure features a high intensity discharge lamp.
An electrically insulating arc tube comprised of light transmissive material has a central portion
and two legs each of which extends from the central portion. The central portion forms an
interior discharge region. Each of the legs includes a flange and a boss extending from the
flange into the discharge region so that the flange abuts the central portion. Electrical mnductérs
each extend through one of the legs and are spaced apart from each other in the discharge region.
A sealed shroud comprised of light transmissive material encloses the arc tube and there is
electrical connection to the electrical conductors through the sealed shroud. An electrically
conductive frame member disposed in an interior of the shroud is electrically connected to one of
the electrical conductors. An ignition aid comprises electrically conductive foil that is fastened
to the frame member and forms a closed loop that encircles one of the legs of the arc tube around
one of the electrical conductors. The foil encircles the leg by an angle in a range of at least 270
degrees to 360 degrees. A distance from an outer surface of the flange to a proximal edge of the

foil ranges from 1.5 to 8 mm.

10013} As to specific features of the lamp of the second embodiment, a thickness of the
foil can range from 0.01 mm t0 0.15 mm. A width of the foil can range from | mm to 4 mm. A
mixture of argon gas and K™ gas present in the discharge region can have an activity
concentration of not greater than 0.16 MBg/liter. Any of the specific features discussed in
connection with the lamp of the first embodiment can also be used in the lamp of the second

embodiment.

[0014] A third embodiment of the disclosure features a high intensity discharge lamp that
includes an electrically insulating arc tube including light transmissive material having a central
portion and two legs each of which extends from the central portion. The central portion forms
an interior discharge region in which an ionizable material is sealed therein. Electrical
conductors each extend through one of the legs and are spaced apart from each other in the
discharge region. A sealed shroud including light transmissive material encloses the arc fube and

there is electrical connection to the electrical conductors through the sealed shroud. An
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electrically conductive frame member is disposed in an interior of the shroud and is electrically
connected to one of the electrical conductors, An ignition aid including electrically conductive
foil is fastened to the frame member and forms a closed loop that encircles one of the legs of the
arc tube around one of the electrical conductors. The foil is insulated from the adjacent electrical
conductor. The foil encircles the leg by an angle in a range of at least 270 degrees to 360

degrees. A width of the foil ranges from | mm fo 4 mm.

10015] Referring to specific aspects of the third embodiment, each of the HegsA can include
a flange and a boss extending from the flange into the discharge region so that the flange abuts
the central portion. A distance from an outer surface of the flange o 3 proximal edge of the foil
ranges from 1.5 to 8 mm. A thickness of the foil ranges from 0.01 mm to .15 mm. A mixture
of argon gas and Kr* gas present in the discharge region can have an activity concentration of not
greater than 0.16 MBg/liter. Any of the specific features discussed in connection with the lamp
of the first embodiment can also be used in the lamp of the third embodiment.

[0016] The high intensity discharge lamps of this disclosure advantageously exhibit good
ignition even when using low amounts of Kr¥°gas, which limits the availability of free electrons
by radioactive decay. In particular, a mixture of argon gas and Kr*° gas present in the discharge
region can have an activity concentration of not greater than 0.16 MBag/liter. Particular features
of the foil ignition aid of the high intensity discharge lamps of this disclosure, including foil
width, foil wrapping angle around the arc tube leg and spacing of the foil away from &e central
portion of the arc tube, have been determined in this disclosure o lead to increasing Emax or the
maximum electric field at the tip of the elecirode, and results in improved ignition of the lamp
even though low Kr*gas is used.

10017} It should be appreciated that terms such as upper, lower, top, bottom, right, left,
and the like are relative terms that will change with the orientation of the lamp. These terms are
used for improving understanding in this disclosure and should not be used to limit the invention
as defined in the claims.

{0018} Many additional features, advantages and a fuller understanding of the invention
will be had from the accompanying drawings and the Detailed Description of the Invention that
follows. It should be understood that the above Brief Description of the Invention describes the

invention in broad terms while the following Detailed Description of the Invention describes the

&
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invention more narrowly and presents embodiments that should not be construed as necessary

limitations of the broad invention as defined in the claims.

Brief Description of the Drawings:

{0019} Figure | is a side elevational view of a single ended high intensity discharge lamp

with foil ignition aid of this disclosure;

{00201 Figure 2A is a vertical cross-sectional view of the lamp of Fig. 1;
{0021} Figure 2B is an enlarged cross-sectional view of the arc tube of Fig. 24,
(0022} Figure 3 is a side elevational view of a double ended high intensity discharge

lamp with foil ignition aid of this disclosure;

i0023] Figure 4 is a perspective view showing an arc tube and one aspect of the foil

ignition aid of this disclosure;

10624} Figure 5 is a perspective view showing an arc tube and another aspect of the foil

ignition aid of this disclosure;

[6025] Figure 6 is a cross sectional view taken from the cutting piané designated 6-6 in
Figure 4;
[6026] Figures 7-9 are cross-sectional end views of arc tubes showing small spaces

between sections of the foil as they encircle the arc tube legs in different ways,

{0027] Figures 10-15 show different arrangements by which the foil may connectio a

frame member and encircle the leg of the arc tube;

100281 Figures 16 and 17 are views showing the simplified geometry of the arc tube and

conductors used in electrostatic simulation results;

{0029} Figure 18A is a figure showing electrostatic simulation results of Emax vs. foil

width and Fig. 18B is a figure based on Fig. 18A showing change in Emax vs. foil width;

7
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(00307 Figure 19 is a figure showing electrostatic simulation resulis of Emax versus

distance, d, away from the central body of the arc tube; and

[6031] Figure 20 is a figure showing electrostatic simulation results of Emax vs wrapping

angle of the foil around the arc tube leg.

Detailed Description of the Invention:

{0032} Referring to Fig. 1, a ceramic metal halide high intensity discharge lamp 10
includes an outer shroud or bulb 12 enclosing an arc tube 14. This is a single ended lamp in that
electrical contacts are located on only one end of the lamp. Electrically conductive frame
members or wires 16, 18 are embedded in a glass pinch portion 20 at one end of the outer bulb
12. Leads 22 extending from contact pins 24 external to the outer bulb 12 are electrically
connected to the frame wires 16, 18 by electrically conductive foil 26 located in the pinch
portion 20. Each foil 26 is welded to one of the leads 22 and to one of the frame wires 16, 18.
Electrically conductive feedthroughs 28, 30 extend into each end of the arc tube. The lower
feedthrough 28 is welded to the short frame member 16 while the upper feedthrough 30 is
welded to the long frame member 18. The upper feedthrough 30 extends upwardly past the
connection with the long frame member 18 and is retained in place by being in contact with a
portion 32 of glass of the outer bulb that has been partially melted around the feedthrough 30
during manufacturing. The long frame member 18 extends along the length of the arc tube but is
spaced apart from a side 34 of the arc tube 14 near a side wall 36 of the outer bulb 12. The frame
members 16, 18 are formed of rigid wire and support the arc tube 14 inside the outer bulb 12

preventing its movement.

[6033] Referring to Fig. 2B, the arc tube 14 includes a tubular central barrel shaped
portion 38 of constant diameter and openings 40 at either end of the barrel portion. Two legs or
capillaries 42 extend from the central portion 38. The arc tube body and legs can be formed of
light transmitting ceramic material such as polycrystalline alumina. Each of the legs 42 can
include a flange 44 and a boss 46 extending from the flange into the opening 40 of the central

portion into an intertor discharge region 48 of the barrel portion 38. The legs each include inner

8



WO 2013/009557 PCT/US2012/045513

flange surface 50 and outer flange surface 52, the inner flange surface 50 abutting a side face 54
of the cylindrical barrel portion 38. The legs 42 include passages 56 along their length. The
conductive feedthroughs 28, 30 extend into the passages 56 and are electrically connected to
electrodes 58 that are spaced apart from each other in the discharge region. The feedthroughs 28,
30 are electrically conductive. In one example, there is a niobium feedthrough portion 60 that
extends from outside the leg into the distal portion 62 of the leg remote from the central portion
38. The niobium feedthrough portion 60 is electrically connected to a molybdenum feedthrough
portion 64, which can include a central wire with material coiled around it. Af proximal leg
portion 66 near the central portion 38 and connected to the molybdenum feedthrough is a
tungsten portion 68 of the electrode 58 also including conductive material coiled around it and
having a tip 70. The coils around the feedthrough portion 64 and around the tungsten portion 68
are the same material as the wire they wrap around. The foil is comprised of a base metal
selected from the group consisting of Nb, Mo, Ta, Pt, Re, W, Ni, combinations thereof and a
combination of any of the above base metals with cladding composed of one or more of the base
metals. The cladding improves weldability of the foil. Those skilled in the art will appreciate in
reading this disclosure that various differences in the feedthrough and electrode design and
composition can be made without departing from the scope of this disclosure. A glass frit 72 is
used inside the passages 56 of the legs 42 around the niobium and molybdenum feedthrough
portions to hermetically seal the arc tube after ionizable material has been charged into it. Foil
26 is disposed around the arc tube leg at a location of the molybdenum feedthrough. The foil 26
has a proximal edge 76 and a distal edge 78, the proximal edge being located closer to the central
portion 38 than the distal edge. The proximal edge 76 is located a distance, d, away from the

outer flange surface 52 of the leg 42, which is discussed in more detail below.

[0034] Referring to Fig. 3, a ceramic metal halide high intensity discharge lamp 80 of a
second embodiment includes an outer shroud or bulb 82 enclosing an arc tube 84, Thisisa
double ended lamp in that contacts are located at both ends of the lamp. Electrically conductive
end frame members 86, 88 are embedded in glass at each of the opposite pinch portions 90 of the
outer bulb 82. Contacts 92 external to the outer bulb are electrically connected to electrically
conductive foil 94 located in the pinch portions 90. Each foil 94 is welded to a connector fitted

into one of the contacts 92 and to one of the end frame members 86, 88. The electrical

9
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connection between the foil and contact is not shown. Electrically conductive feedthroughs 96,
98 extend into each end of the arc tube 84. The lower feedthrough 96 is welded to a central
frame member 89 that extends along the length of the arc tube but is spaced apart from a side of
the arc tube 100 near a side wall 102 of the outer bulb. The frame members 86, 88, 89 are made
of rigid wire and support the arc tube 84 inside the outer bulb 82 preventing its movement. The
central frame member 89 is electrically connected to one conductor (feedthrough 96) that
extends into the arc tube 84 and supports foil 104 around the other conductor {feedthrough 98)
on the other leg of the arc tube while being electrically insulated from that conductor. The arc
tube 14 and its feedthroughs 28, 30 of the lamp of the first embodiment have the same features as

the arc tube 84 and its feedthroughs 96, 98,

10035} Into the discharge region 48 is charged an ionizable material including an inert
gas (.g., argon), metal halide and mercury. Krypton 85 (Kr®*) gas may also be used in the
discharge region in amounts reduced to comply with government regulations; for example, a
mixture of argon gas and Kr®° gas present in the discharge region can have an activity
concentration of not greater than 0.16 MBg/liter. The compuosition of the gas in the arc tube at
room temperature is argon and krypton with some mercury. The dose in the lamp, for example,
can inchude 5.7 mg of Hg and the following (weight %) metal halides: 51.2% Nal, 6.8% T, 16.6
% Laly and 25.4% Caly. The total dose weight of these halides can be 12 mg.

[6036] Electrical current supplied to the contacts reaches the electrodes via the frame
members and feedthroughs, and generates an arc between the electrodes. One electrode (e.g., the
glectrode connected to feedthrough 28 in Fig. 2A) is provided an AC operating voltage by the
ballast while the other electrode is at the opposite potential. The electrode connected to
feedthrough 30 in Fig. 2A can be grounded.  Ignition voltage pulses and rms operating voliage
are provided to the lamp via the ballast. It should be appreciated that the one electrode referred
to above can be the opposite as what is shown and described regarding each of Figs. 2A and 3.
For example, the electrode connected to feedthrough 30 can receive the full applied voltage from
the ballast while the electrode connected to feedthrough 28 is grounded. Alternatively, the
applied voltage to the lamp can be a floating voltage, i.e., each electrode can have voltage

applied to it in AC cycle {(equal, but opposite).

10
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10037] A foil ignition aid is used to improve ignition of the lamp. The ignition aid
includes electrically conductive foil (26, 104) that is fastened to the frame member (18, 89) and
encircles a leg of the arc tube around a feedthrough extending in that leg. The foil is spaced
apart and electrically insulated from the feedthrough it encircles by the electrically insulating
ceramic material of the arc tube leg. While not wanting to be bound by theory it is believed that
the foil (26, 104) functions as a capacitor. There is no electrical conductor encircling the arc
tube leg opposite the foil ignition aid or at the central portion of the arc tube. For example,
turning to Fig. 1, there is no electrical conductor on the upper leg 42 or on the barrel portion 38
in this example. Although the foil is typically disposed proximal to the lower electrode (Fig. 1),

the foil might also be disposed proximal to the upper elecirode instead as shown in Fig, 3.

[0038] Referring to Figs. 4-6, the foil 26 includes two end portions 106, 108 and a central
portion 110 between the end portions. The central portion 110 encircles, and together with the
straight sections of the foil, forms a closed loop around the electrically insulating arc tube leg 42.
Reference to encircling the leg for the stated degrees refers to the angle by which the foil is in
contact with the circumference of the leg. One (first) end portion 106 of the foil is welded to the
frame member 18 and the other (second) end portion of the foil 108 is welded to the foil 26
between the central portion 110 and the first end portion 106 that is welded to the frame member
18. The second end portion of the foil 108 is welded as close as possible to the leg 42 so as to
minimize the space 112 formed betwéen the foil and the arc tube (Figs. 7-9). The foil is formed
asymmetrically. It includes a longer section 114 that is welded to the frame member 18 and a
shorter section 116 that is welded to the foil (Fig. 6). While encircling the arc tube leg, the foil
contacts all or a portion of the circumference of the leg. The two welds, the encircling of the arc
tube leg and the closed loop of the foil are sufficient to maintain the foil in contact with the leg
even withstanding standard drop tests of the lamp.

{6039} The measurement of the wrapping angle, w (Phi}, by which the foil encircles the
arc tube leg can be seen in Fig. 20 showing the end view of the leg. The angle is determined by
drawing a reference line from the frame to the point at which the foil contacts the circular arc
tube leg and then moving around the arc tube leg for the angle of the indicated degrees until
reaching a line tangent to the circle of the arc tube leg. The wrapping angle, Phi, by which the
foil encircles the arc tube leg while contacting it can be at least 270 degrees, in particular, at least

11
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300 degrees, more particularly, at least 320 degrees. The wrapping angle, Phi, is not more than
360 degrees. As shown in Fig. 7-9, 360 degrees less the degrees that the foil encircles the leg
{the wrapping angle}, represents the arc 118 of the space 112 that might exist between the foil
sections 114, 116 on the leg . This arc 118 of the space 112 can be 90 degrees, 60 degrees, 40
degrees, 5 degrees, 3 degrees, or even § (theoretically), depending on the design and the
constraints of the equipment used to bend and weld the foil. The foil does not wind around the
leg more than 360 degrees, i.e., it is unlike a wire that is coiled around the leg for multiple
windings.

{00407 Viewing from an end of the arc tube leg in Figs. 10-15, a reference plane, R,
interconnects a center point of the arc tube leg 42 and center point of the frame member 8. The
foil 26 can be oriented so as to travel from the welded point on the frame member toward the arc
tube leg, parallel to the reference plane (Figs. 12 and 13), toward the reference plane (Figs. 14
and 15) or away from the reference plane {(Figs. 10 and 11).

(0041} A width, w, of the foil ranges from 1.0 mm to 4.0 mm and, more specifically,
ranges from 1.0 mm to 3.0 mm, in particular from 1.0 mm t0 2.0 mm. A thickness of the foil is
less than 0.2 mm, more specifically ranging from 0.01 mm t0 0.15 mm, in particular in a range of
0.01 mm to 0.08 mm and specifically can be 0.076 mm. A ratio of a width of the foil to a
thickness of the foil ranges'fmm 6.6:1 10 400:1. The foil of this disclosure is different from a
wire tn terms of its geometry and electric field that can be generated. As width and thickness are
the same for wire of a given diameter, the ratio of wire width to wire thickness is 1:1, much less

than the foil width:foil thickness ratio of this disclosure.

[0042] The reason the foil is a further enhancement of the lamp starting phenomenon s
described below. For purposes of explanation, a conventional discharge lamp does not have the
foil starting aid, but contains Kr™ gas and Ar gas. A ballast is used to apply the high voltage
transient pulse between the electrodes contained in the hermetically sealed discharge region of
the arc tube. Relatively high concentrations of Kr*° gas that exceed current government
regulations (e.g., 6.2 MBg/1} are used in the conventional discharge lamp to allow for the
discharge to be initiated reliably over the rated life of such lamps. The electric field generated in
the conventional discharge lamp is defined as the applied voliage/gap between the electrodes.

The larger the gap between the electrodes, the lower the electric field. The lower the electric
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field, the harder it is to reliably initiate the discharge, even though Kr®® gas and the high voltage
electric pulse that is provided by the ballast, are present. Referring to Fig. 24, including the foil
aid of this disclosure as shown, the electric field in the lamp is much higher, by virtue of the fact
that the gap is now between, for example, the foil and the adjacent electrode. This gap is much
smaller than the gap between the electrodes and hence the electric field is much larger, and the
creation of the electron avalanche that much e.asier. Essentially, the upper electrode has been

replaced by the foil, as the foil is electrically connected to the upper electrode.

{0043} The lamp of this disclosure will now be described by reference to the following
examples, which present more specific information that should not be used to limit the invention

as described by the claims,
Example 1

[0044] This example describes data produced for ceramic metal halide discharge lamps
using software by Comsol Multiphysics 2010 developed with the University of Budapest for
electrostatic calculation using finite element anaylsis. Inputs into the software were parameters
describing the geometry of the arc tube of the 39 W lamp shown in Figs. 16 and 17, material
properties and an applied voltage of 1kV. The arc tube and conductors shown in these figures
was drawn to scale, the distance between the electrodes in the discharge region being 4.30 mm.
The gedmetry wés simplified for these calculations, such as by not using a coil on the electrode.
The feedthrough conductors in the leg and the electrode in the discharge region were treated as
being made of the same material. Finite elements analysis was used to calculate electric field
based on these inputs.

{0045} Maxwell equations solved in the discharge geometry region by by finite element
analysis were as follows:

Gauss’ law: VD =p,
Electric potential: E=- ¥V V;
Constitutive relation: D=gg g5,

which above equations produce the following differential equation that was solved for V.

-V {(e0&r LY Vi=4q,
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where V is the electric potential, g is the dielectric permittivity of a vacuum, g is
dielectric permittivity of the material in the given modeling space, V is the directional derivative
in the 3 directions of the Cartesian coordinate system (0/0x)/(8/0y)/(8/0z), and p is volume

density of free charges.

{0046] The software ran the finite element analysis together with adaptive meshing using
a variety of numerical solvers. The AC/DC module provides an environment for simulation of
electromagnetic problems in 2 and 3 dimensions. The software used static modeling without
moving charges. Electric field was measured using scalar values normalized at the tip of the
powered electrode. The electrode proximal to the foil was treated as the powered electrode while
the other electrode was at 0 potential. That unpowered electrode, the foil and the frame member
were treated as grounded elements. The gas was given an g, value of 1, the ceramic was given an
g value of 10 and the vacuum space was given an g, value of 1.

{00477 Output of the software showing the effect of foil width on Emax was shown in
Fig. 18A for 1) ceramic metal halide lamps having no foil (lower base line); 2) the ceramic metal
halide lamp of Design 1 as shown in the figure having assymetric foil (made according to this
disclosure) that encircles the arc tube leg in a closed loop for an angle of 340-350 degrees and
has only one end portion of the foil welded to the frame member.

[0048] Fig. 18A shows that E max increases as foil width increases. The higher Emax is,
the better the conditions are for igniting the lamp. Emax of the asymmetric foil is 22% higher
than the baseline for the lamp without foil, at a foil width of 2 mum.

{0049} Figure 18B shows Emax change {y2-y1) versus foil width prepared using the data
that generated Fig. 18A. The Emax change first stops at a width of about 1.5 mun. This figure
indicates that a width of the foil is advantageously at least 1.0 rmum, at least 1.5 mun, or more
specifically, in a range of 1.0 mum t0 4.0 mm, 1.0 t0 3.0 mm or 1.0 to 2.0 mm. An upper limit of
foil width is that the foil should not be so wide that it covers the portion of the arc tube leg where
the sealing frit is located as this can crack the leg. Also, foils should not be so wide that they

excessively cool the arc tube.
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Example 2:

{0050} Fig. 19 was prepared using the same software and inputs described above with
regard to Example 1, except that the distance, d, between the outer surface of the flange of the
arc tube leg and the proximal edge of the foil was varied as shown in the drawings of the arc tube
in this figure. This figure shows electrostatic simulation results of the effect of distance away
from the central portion of the arc tube on E max for a ceramic discharge lamp with the arc tube
of Figs. 16 and 17 of foil Design 1 as shown in Fig. 18A. The foil width was 2mm. The lower
reference line shows that Emax is much lower {(about 7.0 x 10° V/m) in the ceramic discharge
lamp without foil. In addition, the figure shows that when the distance d is | mm, Emax is about
9 x 10° V/m, which is much higher than when d is 10 mm (under 7.5x10° V/m). The source of
the charge is the powered electrode. Electric field will decrease away from the source of the
charge. Thus, when the distance, d, between the powered elecirode and the foil is increased,
Emax decreases. The value d should be less than or equal to 8.00 mm, and more specifically,
less than or equal to 2.00 mm. Emax should be at least 8 x 10° V/m, which is achieved when a
value of d is less than or equal 10 2.00 mm. As a minimum value, the proximal edge of the foil

should not rest on a curved surface of the leg as this could cause cracking,
Example 3:

(0051} Fig. 20 was prepared using the same software and inputs described above with
regard to Example 1, except that the angle by which the foil wraps around the arc tube leg was
changed across a range of angles from 10 to 340 degrees. The distance d was 1.0 mm and the
foil width was 2.0 mm. This figure shows that when encircling the arc tube leg by about 340
degrees, Emax is 28% higher than a lamp without a foil aid. Also, Emax is 18% higher at about
a 340 degree foil wrapping angle compared to only a 10 degree foil wrapping angle. From this
figure, the foil wrapping angle Phi is at least 270 degrees, in particular, at least 300 degrees, and

more specifically at least 320 degrees, up to 360 degrees.
Example 4:

{0052} For all of the cold box measurements of this example, the requirements of

ANSLECT78-389-2004-MOM were adhered to. Prior to cold box measurement, the lamps were
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aged for 30 minutes in position of measurement. If the lamps have been aged for regular photo
interval on life test racks, there is no need to 30 minute aging, if the cold box is done first.

Lamps were soaked for 6 hours at temperature in the cold box prior to measurement. Regarding
lamp starting voltage requirements for lamps requiring auxiliary starting circuits, lamps shall
start within the time specified at the ambient temperature indicated when the following sine wave
open-circuit test voltages and a starting pulse at the minimum pulse characteristics described
below are applied (Table 1). The characteristics are measured at the terminals of the lamp

holder. The pulse is applied to the center terminal of the lamp base with the shell grounded.

Table 1
Mintmum QCV

Temperature RMS Volts Peak Volis Probability of starting
within 30 seconds

16°C 254 359 B8% for O-hour lamps

-36°C 254 356 90% of 100-hour
famps

{00583} Shown below are comparative testing for 39 watt ceramic metal halide

lamps without foil and using argon and a higher level of Kr* or using the foil aid of this
disclosure {Design 1 of Fig. 18A) and a lower level of Kr®. The foil was 2 mm wide and was
located at a distance, d, of 2.0 mm away from the flange of the arc tube leg. To produce Table 2,
cold box testing per ANSI requirements subjected the lamps to ignition testing afier maintaining
the lamps at 10 °C for 6 hours after they had operated for O hours and at -30 °C for 6 hours after
they had operated for 100 hours.  An ignition pulse of 2.1 kV magnitude , and 4 microsecond
width was applied. The terms 95% LCL and 95% UCL represent the % of the population of

lamps that started at the corresponding lower and upper 95% confidence limits,
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Table 2
Ko™ Design Hours Temp. 95%LCL | Median 959 UCL
6.2 MBg/t | No foil {3 16 C 100 106 160
6.2 MBg/l | Ne foil 100 -30C 100 100 160
(.16 MBg/l | Design 1 0 i0C 100 100 160
0.16 MBg/l | Design 1 100 30 C 100 100 100
{0054 It is seen that even with reduced Ko™ levels, the lamps perform exactly as the

lamps with the higher Kr® content. This would not be possible without the foil ignition aid of
Fig 18A.

[GO85] The photometric results of this test shown below indicate that the foil did not have
any deleterious effect on performance. LPW means lumens per watt; CCT means correlated

color teroperature and CRI means color rendering index.

Table 3
No foil Design | P value
(6.2 MBg/L Kr®) (0.16 MBg/L Ke*) {comparing
Parameter Avg Sd Avg Sd Design 1 with
no Foil
Volt 86 2 86 i 0.900
Lumens 2235 65 2213 &G {3,321
LPW 57 2 57 2 0.328
CCT 2876 32 2893 24 0.110
CRI 91 i 90 i 0.328
[0056] The p-value in the above table is a statistical measure of whether the two

populations are equivalent or different. A p-value of >0.03 implies that statistically, the same

parameter from the two populations are identical.
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{0057] Many modifications and variations of the invention will be apparent to those of
ordinary skill in the art in light of the foregoing disclosure. Therefore, it is to be understood that,
within the scope of the appended claims, the invention can be practiced otherwise than has been

specifically shown and described.
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What is claimed is:
1. A high intensity discharge lamp comprising;

an electrically insulating arc tube comprised of light transmissive material having a
central portion and two legs each of which extends from said central portion, said central portion

forming ap interior discharge region;

electrical conductors each extending through one of said legs and being spaced apart

from each other in said discharge region;

a sealed shroud comprised of light transmissive material enclosing said arc tube and

electrical connection to said electrical conductors through said sealed shroud;

an electrically conductive frame member disposed in an interior of said shroud that is

electrically connected to one of said electrical conductors;

an ignition aid comprising electrically conductive foil that is fastened (o said frame
member and forms a closed loop that encircles one of said legs of said arc tube around one of
said electrical conductors, wherein said foil encircles said leg by a range of at least 270 degrees

to 360 degrees; and

wherein said foil includes two end portions, and a central portion therebetween that
encircles said arc tube leg, a first said end portion of said foil being connected to said frame
member and a second said end portion of said foil being connected to said foil between said

central portion and said first end portion of said foil

2. The high intensity discharge lamp of claim 1 wherein said foil encircles said leg by said

range of at least 300 degrees to 360 degrees.
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10.

t.

12

. The high intensity discharge lamp of claim 2 wherein said foil encircles said leg by said

range of at least 320 degrees to 360 degrees.

The high intensity discharge lamp of claim 1 wherein there is no elecirical conductor

encircling an exterior surface of the other said arc tube leg.

The high intensity discharge lamp of claim 1 wherein there is no electrical conductor

disposed on an exterior surface of said central portion of said arc tube,

The high intensity discharge lamp of claim 1 wherein a width of said foil ranges from 1

mm o 4 mm.

The high intensity discharge lamp of claim 6 wherein the width of said foil ranges from 1

mm to 3 mm.

The high intensity discharge lamp of claim 6 wherein the width of said foil ranges from 1
mm to 2 mm.

The high intensity discharge lamp of claim | wherein a thickness of said foil is less than

0.2 mm.

The high intensity discharge lamp of claim 9 wherein a thickness of said foil ranges from

0.01 mm to 0.15 mm.

The high intensity discharge lamp of claim 9 wherein a thickness of said foil ranges from
0.01 mm to 0.08 mm.

The high intensity discharge lamp of claim 1 wherein each of said legs includes a flange
and a boss extending from said flange into said discharge region so that said flange abuts

said central portion.
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13. The high intensity discharge lamp of claim 12 wherein a distance from an outer surface

of said flange to a proximal edge of said foil is not more than 8 mm.

14. The high intensity discharge lamp of claim 12 wherein a distance from an outer surface

of said flange to a proximal edge of said foil is not more than 2 mm.

15. The high intensity discharge lamp of claim 1 wherein said arc tube comprises

polycrystalline alumina.

16. The high intensity discharge lamp of claim | wherein said discharge region comprises

inert gas, krypton gas and a dose of mercury and metal halides.

17. The high intensity discharge lamp of claim 16 wherein a mixture of argon gas and K&
gas present in the discharge region has an activity concentration of not greater than .16

MBg/liter.

18. The high intensity discharge lamp of claim | wherein said elecirical conductors include a
first conductor to which voltage is applied and a second conductor, whergin said frame
member is electrically connected to said second conductor and said foil is wrapped

around said leg but electrically insulated from said first electrical conductor.

19. The high intensity discharge lamp of claim | wherein a ratio of a width of said foilto a

thickness of said foil ranges from 6.6:1 to 400:1.

20. The high intensity discharge lamp of claim | wherein said first end portion of said foil is
connected to said frame member and said second end portion of said foil is connected to

said foil, by welding.
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21. The high intensity discharge lamp of claim | wherein said foil is comprised of a base
metal selected from the group consisting of Nb, Mo, Ta, Pt, Re, W, Ni, and combinations
thereof, and a combination of any of said base metals with cladding comprised of one or

more of said base metals.

22. A high intensity discharge lamp comprising:

an electrically insulating arc tube comprised of light transmissive material having a
central portion and two legs each of which extends from said central portion, said central portion
forming an interior discharge region, wherein each of said legs includes a flange and a boss
extending from said flange into said discharge region so that said flange abuts said central
portion;

electrical conductors each extending through one of said legs and being spaced apart

from each other in said discharge region;

a sealed shroud comprised of light transmissive material enclosing said arc tube and

electrical connection to said electrical conductors through said sealed shroud;

an electrically conductive frame member disposed in an interior of said shroud that is

electrically connecied to one of said electrical conductors;

an ignition aid comprising electrically conductive foil that is fastened to said frame
member and forms a closed loop that encircles one of said legs of said arc tube around one of
said electrical conductors, wherein said foil encircles said leg by a range of at least 270 degrees

to 360 degrees;

wherein a distance from an outer surface of said flange to a proximal edge of said foil

ranges from 1.5 to 8 mm
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23. The high intensity discharge lamp of claim 22 wherein a thickness of said foil ranges

from 0.01 mm to (.15 mm.

24. The high intensity discharge lamp of claim 22 wherein a width of said foil ranges from 1
mm to 4 mm.

25. The high intensity discharge lamp of claim 22 wherein a mixture of argon gas and Ki™
gas present in the discharge region has an activity concentration of not greater than 0.16
MBg/liter.

26. A high intensity discharge lamp comprising:

an electrically insulating arc tube comprised of light transmissive material having a
central portion and two legs each of which extends from said central portion, said central portion

forming an interior discharge region;

electrical conductors each extending through one of said legs and being spaced apart

from each other in said discharge region;

a scaled shroud comprised of light transmissive material enclosing said arc tub and

electrical connection to said electrical conductors through said sealed shmud;'

an elecirically conductive frame member disposed in an interior of said shroud that is

electrically connected fo one of said electrical conductors;

an ignition aid comprising electrically conductive foil that is fastened to said frame
member and forms a closed loop that encircles one of said legs of said arc tube around one of
said electrical conductors, wherein said foil encircles said leg by a range of at least 270 degrees

to 360 degrees;

wherein a width of said foil ranges from | mm to 4 mm.
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27. The high intensity discharge lamp of claim 26 wherein each of said legs includes a
flange and a boss extending from said flange into said discharge region so that said
flange abuts said central portion, wherein a distance from an outer surface of said

flange to a proximal edge of said foil ranges from 1.5 to 8 mm.

28. The high intensity discharge lamp of claim 26 wherein a thickness of said foil ranges

from 0.01 mm to 0.15 mm.

29. The high intensity discharge lamp of claim 26 wherein a mixture of argon gas and

Kr® gas present in the discharge region has an activity concentration of not greater
than 0.16 MBg/liter.
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