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Statesity, A discharge lamp including: a discharge vessel 10B config 
ured by a light-transmissive non-electrically conducting 
member with a light-emitting Substance sealed inside; one out 

(21) Appl. No.: 13/375,370 of a pair of antenna members 10D with a portion at one end 
provided inside the discharge vessel 10B and a portion at the 

(22) PCT Filed: Jun. 4, 2010 other end projecting outside the discharge vessel 10B and 
covered by a non-electrically conducting member, the other 
of the pair of antenna members 10D with a portion at one end 

(86). PCT No.: PCT/UP2010/059563 YE inside the discharge vessel 10B R a portion at the 
other end projecting outside the discharge vessel 10B, cov 

S371 (c)(1), ered by a non-electrically conducting member and capable of 
(2), (4) Date: Nov.30, 2011 being connected to an electromagnetic waveguide path; and a 

loading coil 10E wound around the portion of the first antenna 
(30) Foreign Application Priority Data member 10D that is covered by the non-conducting member. 

A point light Source can be achieved as well as performing 
Jun. 4, 2009 (JP) ................................. 2009-135569 power Supply with good efficiency. 
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DISCHARGE LAMP AND DISCHARGE LAMP 
DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a discharge lamp 
and a discharge lamp device. 

BACKGROUND ART 

0002 Compact high-intensity discharge lamps (HID 
lamps) are widely used as light sources employed in vehicle 
headlights and projectors. 
0003. There are descriptions of microwave electrodeless 
lamps in Japanese Patent Application Laid-Open (JP-A) Nos. 
2008-140575 and 2008-140576, configured with a transpar 
ent vessel including an inflation section with a sealed space in 
which a light-emissive substance is sealed and a pair of cap 
illaries connected to face the inflation section; internal con 
ductors sealed into each of the capillaries; and coils acting as 
external conductors wound at the outer periphery of the cap 
illaries over substantially the length direction range of the 
internal conductors. Microwave electrodeless lamps config 
ured in Such a manner are illuminated by microwaves picked 
up by the coils, however they have low illumination intensity 
which is detrimental to practical implementation. 

DISCLOSURE OF INVENTION 

Technical Problem 

0004 Research is ongoing into making lamps into point 
light Sources. However, when trying to achieve a point light 
Source for a lamp the discharge length in the lamp becomes 
short, and the lamp (load) impedance becomes extremely 
Small. Accordingly it becomes difficult to achieve a good 
match to an illumination circuit for illuminating the lamp, 
leading to the problem of the efficiency of power supply into 
the lamp falling. 
0005. In consideration of such circumstances the present 
invention is directed towards providing a high efficiency point 
light Source type of discharge lamp in which it is possible to 
perform efficient power Supply and a discharge lamp device 
of the same. 

Solution to Problem 

0006. A discharge lamp of a first aspect of the present 
invention includes: a discharge vessel configured by a light 
transmissive non-electrically conducting member having a 
light-emitting Substance sealed inside; a first antenna member 
with a portion at one end provided inside the discharge vessel 
and a portion at the other end projecting outside the discharge 
vessel; a second antenna member with a portion at one end 
provided inside the discharge vessel and a portion at the other 
end projecting outside the discharge vessel and capable of 
being connected to electromagnetic waveguide means; and an 
external impedance section provided to the portion of the first 
antenna member that projects outside the discharge vessel. 
0007. A second aspect of the present invention is the dis 
charge lamp of the first aspect wherein electrical discharge is 
generated at a gap between the one end portion of the first 
antenna member and the one end portion of the second 
antenna member by Supplying electromagnetic waves from 
the electromagnetic waveguide means, and a resonance cir 
cuit for the electromagnetic waves is configured by the gap 
and the external impedance section. 
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0008. A third aspect of the present invention is the dis 
charge lamp of the first aspect or the second aspect wherein 
the external impedance section is configured by a loading coil 
wound around the portion of the first antenna member that 
projects outside the discharge vessel. 
0009. A fourth aspect of the present invention is the dis 
charge lamp of the third aspect wherein a length of the coil is 
equivalent to one wavelength of the electromagnetic waves 
input to the second antenna member. 
0010. A fifth aspect of the present invention is the dis 
charge lamp of the third aspect or the fourth aspect wherein: 
the portion of the first antenna member that projects outside 
the discharge vessel is covered by a non-electrically conduct 
ing member; and the coil is wound around the portion of the 
first antenna member that is covered by the non-electrically 
conducting member. 
0011. A sixth aspect of the present invention is a discharge 
lamp device including: an electromagnetic wave generation 
means for generating electromagnetic waves; an electromag 
netic waveguide means for guiding the electromagnetic 
waves generated by the electromagnetic wave generation 
means and having an internal conducting body; and the dis 
charge lamp of any one of the first aspect to the fifth aspect 
wherein the second antenna member of the discharge lamp 
has been connected to the electromagnetic waveguide means. 
0012. A seventh aspect of the present invention is the 
discharge lamp device of the sixth aspect wherein the elec 
tromagnetic waveguide means is a coaxial transmission path. 

Advantageous Effects of Invention 
0013. According to the present invention a point light 
Source can be achieved while maintaining power Supply with 
good efficiency. 

BRIEF DESCRIPTION OF DRAWINGS 

0014 FIG. 1 is a schematic diagram illustrating an exem 
plary embodiment of a discharge lamp device of the present 
invention. 
0015 FIG. 2 is a schematic diagram illustrating a dis 
charge lamp and launcher. 
0016 FIG. 3 is a graph illustrating measurement results of 
luminous efficacy against coil wire length. 
0017 FIG. 4 is a graph illustrating measurement results of 
luminous efficacy against incident microwave power. 

DESCRIPTION OF EMBODIMENTS 

0018 Detailed explanation follows regarding an exem 
plary embodiment of the present invention, with reference to 
the drawings. In the following an exemplary embodiment is 
explained of a discharge lamp device that employs a high 
Voltage high-intensity discharge (HID) lamp as the discharge 
lamp. 
0019 Discharge Lamp Device Configuration 
0020 FIG. 1 is a diagram illustrating a configuration of a 
discharge lamp device according to an exemplary embodi 
ment of the present invention. The discharge lamp device 
includes an HID lamp 10 that is a high-intensity discharge 
lamp, and a discharge lamp illumination device 12 for illu 
minating the HID lamp 10. 
0021. A launcher 14 is provided in the discharge lamp 
illumination device 12 to act as a wave guide for electromag 
netic waves such as radiowaves (RF) or microwaves. A light 
collecting reflecting mirror 16 is fixed to one end of the 
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launcher 14 such that the light emission section of the HID 
lamp 10 is positioned at the focal point of the light collecting 
reflecting mirror 16. 
0022. A compact solid state oscillator 20 is connected to 
the other end of the launcher 14 through a coaxial transmis 
sion line path 18 acting as a wave guide for electromagnetic 
waves. As the solid state oscillator 20, for example, a solid 
state oscillator may be employed provided with an oscillator 
20A, an amplifier 20B and an isolator 20O. A direct current 
power source 22 is connected to the solid state oscillator 20 
for outputting a voltage of, for example, 28V. The voltage of 
the direct current power source 22 is variable. 
0023 FIG. 2 is a diagram illustrating a configuration of the 
HID lamp 10. The HID lamp 10 includes an elliptical shaped 
discharge vessel 10B configuring an internal discharge space 
10A and a pair of bar shaped members 10C. A light-emissive 
Substance configured from, for example, Xenongas with trace 
additives is sealed inside the discharge vessel 10B. The pair of 
bar shaped members 10C are provided so as to extend out 
along the line of the long axis direction of the discharge vessel 
10B with a specific separation between each other. 
0024. Each of the pair of bar shaped members 10C has one 
end inserted into the discharge space 10A, and the other end 
exposed outside the discharge vessel 10B. Metal bar shaped 
antenna members 10D formed with pointed leading ends are 
embedded at the central axis of the respective bar shaped 
members 10C. At the inside of the discharge vessel 10B each 
of the antenna members 10D is exposed and not embedded in 
the bar shaped members 10C. The antenna members 10D are 
configured from, for example, tungsten or molybdenum. In 
order to avoid damage caused by difference in thermal expan 
sion coefficients between the metal material of the antenna 
members 10D and insulating bodies, configuration may be 
made Such that tungsten bar shapes are each connected to 
respective two ends of molybdenum foil. In the present exem 
plary embodiment high frequency power is consumed with 
high efficiency in the discharge section for emitting light, and 
there is hardly any heat emitted at the junction sections 
between the discharge vessel 10B and the antenna members 
10D. Accordingly a cost saving may be achieved by omitting 
Such a structure. 

0025. The discharge vessel 10B and the pair of bar shaped 
members 10C are formed from a high permittivity insulating 
body Such as quartz or alumina, these being non-electrically 
conducting materials with light transmissivity. The leading 
end portions of the pair of antenna members 10D are inserted 
into the discharge vessel 10B so as to be separated from each 
other with a separation gap G. Each other end of the antenna 
members 10D projects outside from the discharge vessel 10B 
in a state covered by the respective bar shaped member 10C. 
The pair of antenna members 10D are thus disposed with a 
separation of the gap G from each other. 
0026. The bar shaped portion 10C on the side that is not 
connected to the launcher 14 out of the pair of bar shaped 
portions 10C has a portion that is exposed to the outside of the 
discharge vessel 10B and has a helical coil (loading coil) 10E 
wound thereon. Due to the loading coil 10E being wound on 
the non-electrically conducting member bar shaped portion 
10C there is no continuity to the antenna member 10D embed 
ded at the central axis of the bar shaped portion 10C. The 
loading coil 10E prevents microwaves guided from the 
launcher 14 from leaking out from the bar shaped portion 
10C. Further explanation is given later regarding the loading 
coil 10E. 
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0027. The launcher 14 includes an internal circular cylin 
drical member 14A and an external circular cylindrical mem 
ber 14B, provided coaxially to the internal circular cylindrical 
member 14A so as to surround the internal circular cylindrical 
member 14A with a specific separation distance to the outside 
face of the internal circular cylindrical member 14A. The 
internal circular cylindrical member 14A and the external 
circular cylindrical member 14B are configured from conduc 
tors such as metal. The leading end portion of the internal 
circular cylindrical member 14A is formed with an attach 
ment portion 14C for insertion of the bar shaped portion 10C. 
into which the antenna member 10D of the HID lamp 10 has 
been embedded and to which the HID lamp 10 is attached. 
Electrically connecting the antenna member 10D to the inter 
nal circular cylindrical member 14A improves the microwave 
transmission efficiency, raising luminous efficacy. Configu 
ration may be made in which a circular pillarshaped member 
provided with the attachment portion 14C projecting out from 
a leading end portion is employed in place of the internal 
circular cylindrical member 14A. A female N-type connector 
in which a solid state microwave oscillator is used as an 
output terminal may also be employed as the launcher 14. 
0028. A waveguide pathis configured between the outside 
face of the internal circular cylindrical member 14A and the 
inside face of the external circular cylindrical member 14B, to 
guide electromagnetic waves that have been oscillated by the 
Solid state oscillator 20 and wave-guided along the coaxial 
transmission path, such that the electromagnetic waves are 
supplied into the HID lamp 10 attached to the attachment 
portion 14C. 
0029. According to the present exemplary embodiment, 
the microwaves oscillated by the solid state oscillator 20 are 
guided through the coaxial transmission path to the end por 
tion of the launcher 14, wave-guided in the coaxial transmis 
sion path of the launcher 14 and supplied to the HID lamp 10 
attached to the attachment portion 14C. The antenna member 
10D is exposed from the discharge vessel 10B, the antenna 
member 10D is inserted into the internal circular cylindrical 
member 14A and electrically connected to the coaxial trans 
mission path of the launcher 14. Accordingly the Supplied 
electromagnetic waves are directly guided into the discharge 
vessel 10B through the antenna member 10D, electromag 
netic wave propagation at a high impedance portion of the 
antenna prior to lamp illumination is avoided, and electro 
magnetic waves are emitted from a high impedance localized 
location. Due to the presence of the emitted electromagnetic 
waves inside the discharge vessel 10B, the light-emitting 
Substance in the vicinity of the emitting location is selectively 
excited, and the light-emitting Substance, such as high pres 
Sure gas, inside the vessel achieves efficient discharge. 
0030. In the state in which the HID lamp 10 is attached to 
the launcher 14, electromagnetic waves are emitted into the 
Surrounding space with good efficiency when the separation 
distance L between the end portion of the external circular 
cylindrical member 14B and the end portion of the antenna 
not inserted into the internal circular cylindrical member, 
namely the length of the portion of the antenna projecting out 
from the external circular cylindrical member, is /4 the length 
of the wavelength w of the electromagnetic waves. In Such 
cases a strong electromagnetic field is generated in the gap G 
provided partway along the separation distance L. The elec 
tromagnetic field is sufficiently strong, enabling discharge to 
be easily configured even at high pressure gas. 
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0031. The present exemplary embodiment is configured 
Such that by shortening the length of the gap G the length of 
the light emitting portion is shortened, so as to configure a 
point light Source. However, by lengthening the gap G the 
discharge region is made wider, enabling illumination of an 
intermediate or large scale high pressure HID lamp 10. 
0032. There is no influence to the initiation or continuance 
of discharge even when, as in the present exemplary embodi 
ment, the antenna member 10D is covered with a permissive 
body having low dielectric loss, high permittivity and heat 
resistance. Accordingly, a lamp provided with an antenna of 
the present exemplary embodiment can be treated as effec 
tively being an electrodeless discharge lamp. 
0033. As explained above, good efficiency of discharge 
can be achieved in high pressure gas sealed in the discharge 
vessel 10B due to the discharge lamp device of the present 
exemplary embodiment directly supplying electromagnetic 
waves through the antenna and into the discharge vessel 10B, 
and due to the electromagnetic field being locally concen 
trated in the vicinity of the leading end portion of the antenna. 
A high temperature high density plasma is generated due to 
the sealed gas being at high pressure. The diffusion speed of 
the high temperature high density plasma is slow due to the 
high gas pressure in the lamp, localizing plasma with a dis 
charge profile in the electromagnetic field distribution in the 
vicinity of the antenna and causing high intensity light emis 
S1O. 

0034. A high pressure argon or Xenon gas is sealed as the 
base gas, sealed with additives of Nal, Scl. Accordingly, due 
to easy electron separation and light emission occurring, light 
emission is achieved with good coloration properties and high 
luminous efficacy. All of the gases shown in Table 1, which 
may be employed in discharge lamps, metalhalide lamps, and 
the HID lamp 10, may be employed as base gases and addi 
tives. Molecular gases such as S. that are recently employed 
may also be used. 

TABLE 1. 

High Pressure Sodium 
High Pressure Mercury 
Lamps 
High Pressure Xenon Xe 
Lamps 
Metal Halide Lamps 

Ar + Na, Xe + Na 
Ar + Hg, Xe + Hg 

Aror Xe + inclusions of: SnI2, ScI3, InI, TII, 
NaI, DyI3, Hg 
Aror Xe + inclusions of: S2, Se2, Te2, GeS, 
GeSe, GeTe, OH 
Inclusions of Re2O7/Xe, WO2Br2/CsBrf Air 

Molecular Emission 
Lamps 
Cluster Lamps 

0035 Issues Related to Luminous Efficacy when Nar 
rowing Gap G to Achieve a Point Light Source. 
0036. It becomes difficult to illuminate with high lumi 
nous efficacy when the gap G between electrodes orantenna 
is narrowed in the space maintaining the plasma in order to 
achieve a point light source. A more detailed explanation 
regarding this point follows. 
0037 Incident power T to the lamp is composed of power 
A consumed to generate and maintain electrical discharge, 
and also power B emitted into the space and power C that is 
reflected by the lamp and returns to the power source side. A 
lamp employing an illumination method capable of achieving 
a large A/T has high luminous efficacy. It is therefore neces 
sary to have a discharge method capable of making Band Cas 
Small as possible. 
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0038. In order to make C Small it is necessary to satisfy 
two conditions (a resonance condition and a matching condi 
tion). 
0039 Resonance condition: if the lamp is treated as hav 
ing a load impedance Z, configured by the (1) discharge 
section and the (2) antenna (electrode), then the resonance 
condition is satisfied and ineffective power can be eliminated 
when the reactance X of the Z is zero. 
0040. Matching condition: Power supplied from a power 
Source to a load is maximized when the resistance R of the Z. 
is equivalent to the characteristic impedance Zo of the trans 
mission line path connecting the power Source to the load. 
0041. The above resonance condition and matching con 
dition are met when Equation (1) and Equation (2) below are 
satisfied. 

1 Equation (1) 
Cpzo We 

2 coi = a + v. Equation (2) 

0042 wherein V is the impact frequency between elec 
trons and other particles, and C is capacitance, as explained 
later. () is the microwave angular frequency and co, is the 
electron plasma angular frequency. 
0043. Rexhibits the relationship RoPG/N with respect to 
G, the sealed gas pressure P and the plasma density N. The 
matching condition is no longer matched when G<2 mm and 
R-Zo, lowering the discharge efficiency. 
0044) The light emission amount F is proportional to the 
surface area S of the discharge length and to N, and S is 
proportional to G. When G is shortened to 1/N then the 
plasma density N needs to be raised by a multiple of n in order 
to maintain an equivalent F for the same incident power T. 
0045. It can be seen from the above that P is proportional 
to 1/G while R remains constant. Namely, if G is made 1/n. 
then P needs to be increased in times. 
0046 Consequently, when G is made smaller to achieve a 
point light source, it is not possible to satisfy the matching 
condition and resonance condition and achieve high effi 
ciency illumination unless P can is raised. Lamp sealed gas 
pressure with existing technology is between about 50 atmo 
spheres and 200 atmospheres during illumination. There is a 
high likelihood of blackening due to increasing pressure 
occurring, leading to loss of transparency of the lamp walls. 
0047 
0048. In the HID lamp of the present exemplary embodi 
ment the electrode can be treated as a monopole antenna, and 
microwave power is Supplied to the antenna gap G at the lamp 
center portion. When discharge has illuminated stably and a 
high density plasma has been formed the gap is shorted by the 
plasma, and a monopole antenna is complete. However, when 
G is shortened, then effectively a large capacitance C is 
introduced in series to the monopole antenna, collapsing the 
resonance condition of the monopole antenna, and causing a 
large increase in ineffective power. 
0049. This makes it necessary to mount the coil with an 
inductance L at the leading end portion of the lamp in order 
to restore the resonance condition. 

0050. The loading coil 10E is a serial circuit with a capaci 
tor C configured between quartz acting as a dielectric body 

Compensating for the Capacitance of Gap G 
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and the loading coil 10E and inductance L of the loading coil 
10E. The loading coil 10E exhibits the following effect during 
lamp illumination. 
0051. A high density plasma is first generated during lamp 
illumination, and the impedance Z of the discharge por 
tion 0, hence the microwaves from the monopole antenna are 
externally discharged. The loading coil 10E forms a reso 
nance circuit with the inductance L of the loading coil 10E 
itself and the capacitance C. Supplementing for microwaves 
attempting to leak out. 
0052 Second, the supplemented microwaves assist 
plasma generation during the interval for passing to and fro 
within the resonance circuit at the top portion antenna leading 
end portion. 
0053. Third, the luminous efficacy is improved as a result. 
Since C becomes large in a point light source AEMD lamp 
with shortened antenna gap, the shorting state of the lamp 
becomes closer and the luminous efficacy falls, however the 
loading coil 10E exhibits an effect in such cases. 
0054 Explanation follows regarding the principle by 
which the luminous efficacy is improved by mounting a heli 
cal coil as the loading coil 10E. 
0055. In order to make a lamp into a point light source then 

first G needs to be made small. When the matching condition 
and the resonance condition are satisfied, then making G 
Smaller corresponds to a drop in the plasma density, as can be 
seen from Equation (1) and Equation (2), and therefore light 
emission intensity falls. Hence in Such cases, as described 
later, a helical coil mounted to the upper side the antenna 
member 10D exhibits an effect of increasing the emission 
intensity of the smaller G. 
0056. It can be seen that problems arise with an AEMD 
lamp both prior to illumination and during illumination. 
These problems can be solved by mounting the helical coil on 
the lamp upper portion. If the inductance of the helical coil is 
denoted by L, and the capacitance to the upper side antenna 
member 10D is denoted by C, then the reactance of the lamp 
impedance is as expressed by Equation (3) below. 

1 Eduation (3 X = (ol + Co.L - - - quation (3) 
(oC 

C -- R 1 (o - Ri - - - - S - - = XH + 
" I ?oc. --- ri +(o p- P 

0057 The resonance condition of a monopole antenna 
(DL=1/(OC is applicable. X and up are as expressed in the 
following Equation (4) and Equation (5). 

1 Equation (4) 
Xn = colu 

Cp - - - Ri (o P i. P 
Equation (5) 

= - 
1 2 

1 + (oCp - - - R: (oC i.) P 

0058 up changes from minus->0->plus as (of increases 
with the microwave incident power. Consequently, if X is 
preset.<0, then (of when the resonance condition X=0 is sat 
isfied is larger than when X 0, and so an increase in the 
amount of light can be achieved even in a point light Source 
lamp with small G. This can be understood by considering 
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when (of satisfies the conditions expressed by following 
Equation (6), and microwave power from the monopole 
antenna attempting to leak outside the lamp is accumulated in 
the resonance circuit of L and C formed by the helical coil. 
efficiently utilizing discharge illumination. 

0059. However, if the antenna gap is decreased further in 
order to achieve a point light source, for example to 1 mm or 
less, then 1/|C, becomes Smaller than Randy, and micro 
waves cease to generate a plasma, bypass the Cp and leak out 
from the lamp. In Such cases since the helical coil accumu 
lates the power of microwaves attempting to leak out and 
Suppresses leaking, the luminous efficacy of the lamp can be 
improved. 
0060 Reducing Emission Resistance 
0061. When a high density plasma is generated in the 
antenna gap and the gap is effectively shorted, the lamp has an 
equivalent value to a monopole antenna, and emission resis 
tance increases. Namely, the electromagnetic waves (micro 
waves) incident to the lamp are discharged efficiently into the 
space causing loss. As an equivalent circuit this can be treated 
as an emission resistance, resulting in wastage. The loading 
coil functions as an accumulation element for the electromag 
netic wave power of the electromagnetic wave (microwave) 
power, and a reduction in the emission resistance can be 
achieved. 
0062. The length L of the loading coil wire is optimally 
one wavelength of the electromagnetic waves (microwaves). 
In Such cases a standing wave is excited in the loading coil. 
The two ends of the standing wave exhibit maxima (standing 
wave anti-nodes), and the central portion exhibits a minimum 
(standing wave node). Hence, when the leading end at one end 
of the loading coil is placed in the vicinity of the discharge 
section (10B), since the microwave field (standing wave anti 
node) excited there contributes to generating and maintaining 
discharge, the emission resistance is lowered, and the lumi 
nous efficacy is greatly enhanced. 
0063 FIG. 3 is a diagram illustrating measurement results 
of luminous efficacy against coil wire length. The number of 
windings is not optimized. It can be seen that when L is near 
to one wavelength of the microwaves then the luminous effi 
cacy is at a maximum. 
0064. Loading Coil Material 
0065 Loading coils accumulating microwave power of 
several tens of W are possible, heating to high temperature. 
The material of a loading coil hence needs to be a material 
capable of withstanding high temperature, and also a material 
with plasticity in order to readily form into a helical coil. 
Appropriate materials for the loading coil from the perspec 
tives oftemperature resistance and plasticity include molyb 
denum, tantalum, and rhenium. Tungsten may also be 
employed as the material for the loading coil. 
0.066 Loading Coil Shape and Attachment Position 
0067. The luminous efficacy is improved by using the 
strong microwavefield occurring at the leading end portion of 
the loading coil to maintain discharge. The luminous efficacy 
can be raised by optimizing the shape and attachment position 
of the coil. The loading coil may also be molded into glass. 
0068 Explanation follows regarding test results when a 
loading coil is mounted. A D2-type metal halide lamp is 
employed with an antenna wire diameter of 0.35 mm, antenna 
gap of 1.5 mm, Xenongas sealed at 10 atmospheres, 0.5 mg of 

Equation (6) 
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Nal+Scladded and 0.5 mg of Hg added. The luminous effi 
cacy is measured when the helical coil is mounted and when 
not mounted. 
0069. It can be seen, as shown in FIG.4, that the luminous 
efficacy can be improved by mounting the helical coil. 
0070 Explanation follows regarding comparative results 
between the properties of an AEMD lamp and an AC/DC 
discharge lamp. 
0071 Properties when applying an AEMD lamp and an 
AC/DC discharge lamp in a visible light source metal halide 
lamp are shown in the following Table 2. 

TABLE 2 

AEMD Metal ACDC Metal 
Halide Lamp Halide Lamp 

Luminous 120 to 140 mW 90 to 100 mW 
Efficacy 
Total Light 4,800 to 14,000 lm 4,000 lm 
Bundle 
Lamp Life 40,000 hours or more up to 4,000 hours 
Coloration up to 85 up to 85 
Evaluation 
Number (Ra) 
Input 40 to 120 W 40 W 
Shape of Light 
Emitting Section 

L1.5 to 3.5 mm x (p1 mm L3.5 mm x (p1 mm 

Main Appli- Vehicle Headlights, Street Vehicle Headlights 
cations Lights, Plant Factories 

0072. It can be seen from Table 2 that an AEMD lamp has 
good luminous efficacy, long lamp life, and enables a better 
point light source to be achieved. 
0073 Properties when applying an AEMD lamp and an 
AC/DC discharge lamp in an UV mercury lamp are shown in 
the following Table 3. 

TABLE 3 

AEMD AC/DC Discharge 
Mercury Lamp Mercury Lamp 

Wavelength of 245 nm, 365 nm. 
Emission Light 
Emission Light 
Power Density 
Lamp Life 

5 to 10 (W/cm) 

40,000 hours or more up to 2,000 hours 
Shape of Light L1.5 x (p1 mm L3 mm x (p1 mm 
Emitting Section 
Input up to 50 W 200 W 
Main Appli- UV sources for spotlight devices, precision 
cations welding of electrical components and optical 

components, DVD bonding 

0074. It can be seen from Table 3 that an AEMD lamp has 
good long lamp life, enables a better point light Source to be 
achieved, and enables a reduction in power consumption to be 
achieved. 
0075 Properties when applying an AEMD lamp and an 
AC/DC discharge lamp in a VUV eximer lamp are shown in 
the following Table 4. 

TABLE 4 

AEMD AC/DC Discharge Heavy 
Xenon Lamp Hydrogen Lamp 

Wavelength of 172 mm 185 nm. 
Emission Light 
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TABLE 4-continued 

AEMD 
Xenon Lamp 

AC/DC Discharge Heavy 
Hydrogen Lamp 

Emission Light 35 mW/cm2 several tens of nW/cm 
Power Density 
Lamp Life 40,000 hours or more up to 2,000 hours 
Shape of Light L1.5 x (p1 mm L3.5 mm x (p1 mm 
Emitting Section 
Input up to 5 W 20 to 200 W 
Main Appli- Ultraviolet Spectrophotometry, Atomic Absorption 
cations Spectrophotometry, Medical Diagnostic Devices, 

Concentration Measurement, Liquid Chromatography, 
Capillary Electrophoresis 

(0076. It can be seen from Table 4 that an AEMD lamp has 
highlight emission intensity, long lamp life, enables a better 
point light Source to be achieved, and enables a reduction in 
power consumption to be achieved. 
0077 Utilizing the function of a loading coil such as 
described above enables a lamp with high efficiency illumi 
nation to be achieved even when G<2 mm and even with a 
sealed gas pressure P that is a level of Pachievable in lamp 
manufacture. Furthermore, a high efficiency illumination is 
achievable even when G-1. Namely, a high efficiency point 
light source lamp can be realized by utilizing the loading coil. 

EXPLANATION OF THE REFERENCE 
NUMERALS 

0078 10 HID LAMP 
0079 10A DISCHARGE SPACE 
0080 10B DISCHARGE VESSEL 
0081 10C BAR SHAPED MEMBER 
0082) 10D ANTENNA MEMBER 
0083. 10E LOADING COIL 
0084 12 DISCHARGE LAMP ILLUMINATION 
DEVICE 

0085 14 LAUNCHER 
0086) 14A INTERNAL CIRCULAR CYLINDRICAL 
MEMBER 

0087, 14B EXTERNAL CIRCULAR CYLINDRICAL 
MEMBER 

0088. 20 SOLID STATE MICROWAVE OSCILLATOR 
0089 22 DIRECT CURRENT POWER SOURCE 

1. A discharge lamp comprising: 
a discharge vessel configured by a light-transmissive non 

electrically conducting member having a light-emitting 
Substance sealed inside; 

a first antenna member with a portion at one end provided 
inside the discharge vessel and a portion at the other end 
projecting outside the discharge vessel; 

a second antenna member with a portion at one end pro 
vided inside the discharge vessel and a portion at the 
other end projecting outside the discharge vessel and 
capable of being connected to electromagnetic 
waveguide means; and 

an external impedance section provided to the portion of 
the first antenna member that projects outside the dis 
charge vessel, wherein the external impedance section is 
configured by a loading coil wound around the portion of 
the first antenna member that projects outside the dis 
charge vessel for preventing leakage of microwaves 
from the first antenna member. 
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2. The discharge lamp of claim 1, wherein electrical dis 
charge is generated at a gap between the one end portion of the 
first antenna member and the one end portion of the second 
antenna member by Supplying electromagnetic waves from 
the electromagnetic waveguide means, and a resonance cir 
cuit for the electromagnetic waves is configured by the gap 
and the external impedance section. 

3. (canceled) 
4. The discharge lamp of claim 1, wherein a length of the 

loading coil wire is equivalent to one wavelength of the elec 
tromagnetic waves input to the second antenna member. 

5. The discharge lamp of claim 1, wherein: 
the portion of the first antenna member that projects out 

side the discharge vessel is covered by a non-electrically 
conducting member, and 
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the loading coil is wound around the portion of the first 
antenna member that is covered by the non-electrically 
conducting member. 

6. A discharge lamp device comprising: 
an electromagnetic wave generation means for generating 

electromagnetic waves; 
an electromagnetic waveguide for means guiding the elec 

tromagnetic waves generated by the electromagnetic 
wave generation means and having an internal conduct 
ing body; and 

the discharge lamp of claim 1 wherein the second antenna 
member of the discharge lamp has been connected to the 
electromagnetic waveguide means. 

7. The discharge lamp device of claim 6 wherein the elec 
tromagnetic waveguide means is a coaxial transmission path. 

c c c c c 


