DEUTERI UM LAMP The invention relates to a deuterium/lanp having a | anp
base, which has el ectrode feedthroughs, having a bulb nmade of gl ass and
havi ng a housi ng assenbly, which includes the anode, cathode, and
aperture, wherein at | east one part of the bulb fornms a beam di scharge
surface and wherein the | anp base and bul b encl ose a gas conpartnment. Al
current deuteriumlanps suffer so-called gas wastage. Here, during
operation of the |lanp, the gas filling di ffuses, anong other things, into
the quartz glass bulb, predomnantly at interstitial sites and is thus
bound interstitially into the structure. Due to the small atom c radius of
deuterium the diffusion rate for deuteriumis significantly higher than
for the significantly larger noble gases, as, e.g., neon or xenon. This

di ffusion process is even accel erated by surface activation of the quartz
gl ass through hard UV radiation Frﬁ%gﬁggéLgﬁﬁﬁrated by the deuterium

pl asma. The diffusion at the un face in the region of the
beam di scharge is therefore particularly high. The diffusion process
descri bed here has the result that the fill pressure of the |anp decreases
continuously during operation. The arc discharge necessary for operation
of the lanp can be nmaintained only up to a certain m nimum pressure. Wen
the pressure falls below this mninmum pressure due to gas wastage, the

| anp | oses intensity drastically and is unusable. Th as st age thus
defi nes tHe isentipeesiatese asleuteiam) lgnp havipgg Pa&&ﬁiaé‘?ﬁ"&}ﬁq} ‘g"r?ﬁ e‘éﬁg%ed currently,
the inside of the quartz glass bulb is either unprotected or. a. co ting of
boron oxifdelthmugpphdvat, a Bk niade ofhglessiaid haying abewsnaasseaing Whigh FelUgfhss
surface and binds itself in a chemcal reaction with the layer of the
quartz gl{@assndakoSehokie, dnl@patiré,acereil heleso ponpakdidhe bEhiommy ahsamidis resul t
that the quartz gl ass surface becones chemcally nore resistant. The
quartz gl gagSHFh@%8d Wi @R 0mS bixe khe bulpreotiesteghsicopmutiperst i ons with
paste material of the cathode, which deposits on the inside of the bulb
during operation of the |lanp. The paste material of the cathode contains
Bo, Sr, and/or Ca. Under the operating conditions of the deuterium]lanp,

t hese el epents react .w T fra&e, anthglopeiatideaitihé o
continuougﬁFB@?“%ﬁﬁpwggﬁé?éiﬁﬁﬁgﬁﬁg kgggfigﬁgﬁbsorptioﬁ gf the reaction
products: The loss_in intensity 1S,t e inantl
reactionshﬂmh@ﬂﬁa%ﬁﬁ%gdﬁﬁﬁe%ﬁ”%ﬂ%“@%ﬁ%§¥§38§$2§5 a g%%?gﬁgﬂgbfﬁgnggfbn

oxi de Coa;tl irrllt%rsggi)gssi?tg'ssa?n%%s tA}\llu’s bgllfno 1%12761?5%%&1%; Pn’to the structure. Due to the small atomic

radius of deuterium, the diffusion rate for deuterium is significantly higher than for the
significantly larger noble gases, as, €.g., n€ON O Xenon. This diffusion process is even ac-
celerated by surface activation of the quartz glass through hard UV radiation, Which is
generated by the deuterium plasma. The diffusion at the quartz glass surface in the region
of the beam discharge is therefore particularly high. The diffusion process described here
has the result that the fill pressure of the lamp decreases continuously during operation.
The arc discharge necessary for operation of the lamp can be maintained only up to a cer-
tain minimum pressure. When the pressure falls below this minimum pressure due o gas

wastage, the lamp loses intensity drastically and is unusable. The gas wastage thus defines

the service life of the lamp.



From | ow pressure nercury or amal gam | anps an al um num phosphoru

coating is known, which protects the quartz glass surfage OP theseﬁiisgr
fromchem cal attack by nmercury ions. The nmercury ions react with the
quartz glass to formnercury oxide, which has a greatly absorbent effect
and reduces the intensity of the emtter (DE102004038556 Al). Thin filns
are al so known from EP0290669 Bl , EPO407548 B |, EP1043755 B I, EP1282153
Al . 3 genides, which are responsible for the W enission, react strongly
with the quartz glass surface, so that the hal ogenides are chemically
bound in the quartz glass after just a few mnutes. Also here, the

chem cal resistance of alumnumoxide is utilized ( Q137015,AI simlar
t 0 CH672F80deMriunT henpis myeshauireently, shebimsidel omeﬂﬁwo%?%gﬁbdﬁ HIFIEPRG the gas

wast age and inproving the service |ife of deuteriumlanps. The object i
achi eved ihyed dte doemigoftpraf oxdlieis applied Allrabarag evde dié&lﬁ@gg@ém @lﬁ%%l.laés s elt >
forth in the dependent clains. Thereby, because the bulb has a gas

di f f usi ony Bl in@Mhidde ¥8sif @M dhemiGlifcheden Wialciedayhef ha
_ quartzrgdass clesnio e | east
on the beam di scharge surface, the gas diffusion and thus the gas wastage
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reactions with paste material of the cathode, which deposits on the inside of the bulb dur-
ing operation of the lamp. The paste material of the cathode contains Ba, Sr, and/or Ca.
Under the operating conditions of the deuterium lamp, these elements react with the quartz
glass surface and thus lead to continuous loss in intensity through optical absorption of the
reaction products. The loss in intensity is thus to be traced to chemical reactions. The loss

of gas in the lamp is barely affected by the boron oxide coating (DE3713704 Al,

EP0287706 B1).

From low-pressure mercury or amalgam lamps an aluminum phosphorus oxide coating is
known, which protects the quartz glass surface of the emitter from chemical attack by mer-
cury ions. The mercury ions react with the qﬁartz glass to form mercury oxide, which has a
greatly absorbent effect and reduces the intensity of the emitter (DE102004038556 Al).

Thin films are also known from EP0290669 B1, EP0407548 B1, EP1043755 Bl,

EP1282153 Al.

From Xe halogenide excimer lamps an aluminum oxide layer is known, which protects the

quartz glass surface of the emitter from chemical attack of the halogenides. The halo-



than quartz glass. It is useful that the gas diffusion barrier |

a thickness of 10 nmto 10 um preferabl ygof 20 nmto 200 nm Thgyfgygﬁwe
thi ckness can be generated either by a one-tines coating or by several
coating processes. The gas diffusion barrier layer is preferably optically
transparent at a wavel ength between 160 nm and 1100 nm 4 or borosilicate
gl ass, whereby the advantage of the diffusion barrier layer is shown in an
especially clear way. The al umqyium oxi de can be applied by PVD, CVD, or
sol -gel nethods. In the sol -gel” nmethod, the sol-gel c be spra d ’

di pped, @enidpspivhid abyrespemdibifontheds & erppgionggpdd s gngéy W%Bﬁlbe %uﬁlg[% ﬁ?ég. ’
Preferably, the layer is deposited in a sol-gel dipping process. in order
to achi ewgrfaceys tharthe halygmidgs atei chymiciHi RoundHa theparz FRSTHTR ISt oM t o 24
hours at tenperatures between 30C and 200C. Finally, the gas diffusion
barrier |auges.iAsdindedhathchienessatacest ﬁw@mﬂ@@uﬁmdigﬁé@ﬂﬁﬂéf erably
bet ween 600C and 1200C, between 1 and 24 hours, in order to aé:hi eve a good

barrier e{f gffilar to CH672380 AS).

The invention is based on the object of reducing the gas wastage and improving the service

life of deuterium lamps.

The object is achieved by the features of Claim 1. Advantageous constructions are set forth
in the dependent claims. Thereby, because the bulb has a gas diffusion barrier layer on its
surface facing the gas compartment at Jeast on the beam discharge surface, the gas diffu-
sion and thus the gas wastage decrease significantly relative to known technology. Prefera-
bly, the gas diffusion barrier layer is formed from aluminum oxide, preferably from amor-
phous aluminum oxide, because amorphous aluminum oxide is significantly more compact

than quartz glass.

It is useful that the gas diffusion barrier layer have a thickness of 10 nm to 10 pm, prefera-
bly of 20 nm to 200 nm. The layer thickness can be generated either by a one-times coating
or by several coating processes. The gas diffusion barrier layer is preferably optically

transparent at a wavelength between 160 nm and 1100 nm.

The gas diffusion barrier layer can be arranged on the entire surface of the bulb facing the

gas compartment. The bulb of the deuterium lamp is preferably formed from quartz glass



An enbodi ment of the invention will be described below with referenc
drawi ng. Shown in the drawing are: Fig. 1 a deuteriumlanp having a Fa;gra
according to the invention Fig. 2 a segment fromthe coated lanp bulb Fig
3 the profile of the gas pressure over time and Fig. 4 the intensity -
profile over time. The deuterium/lanp shown in Fig. 1 is based on a base 1
made of quartz glass having electrical cathode feedthrough 2, electrical
ground feedthrough 3, and elecg[ical anode feedt hrough 4. In the
el ectrical feedthroughs 2; 3; 4, nolybdenumfaqils 5 ar
for Ft ga®r bomghificen glass wherebY the adseniedspaRsEpign E‘imSIFal
is al so sup-

especially clear way.
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The atuminum oxide can be applied by PVD, CVD, or sol-gel methods. In the sol-gel
method, the sol-gel can be sprayed, dipped, or applied by drawing a core that acts as a
round spatula. Preferably, the layer is deposited in a sol-gel dipping process, in order to
achieve a uniform layer quality. Then, the layer is dried for 1 to 24 hours at temperatures
between 30°C and 200°C. Finally, the gas diffusion barrier layer is baked at temperatures
between 400°C and 1400°C, preferably between 600°C and 1200°C, between 1 and 24

hours, in order to achieve a good barrier effect.

An embodiment of the invention will be described below with reference to a drawing.

Shown in the drawing are:

Fig. 1 a deuterium lamp having a layer according to the invention
Fig. 2  a segment from the coated lamp bulb

Fig. 3 the profile of the gas pressure over time and

Fig. 4 the intensity profile over time.

The deuterium lamp shown in Fig. 1 is based on a base 1 made of quartz glass having elec-
trical cathode feedthrough 2, electrical ground feedthrough 3, and electrical anode
feedthrough 4. In the electrical feedthroughs 2; 3; 4, molybdenum foils 5 are used to pro-

vide for a gas-tight enclosure. The housing assembly 11 of the deuterium lamp is also sup-



5 ported by the front retaining pin 6 and the rear retaining pin 7, in
order to increase the nechanical stability. The housing assenbly 11

i ncl udes the cathode 14, the anode 12, and the aperture 15, which are
arranged spaced apart fromeach other in the housing assenbly 11. The
cathode 14 is insulated fromthe housing assenbly 11 by the cathode

i nsul ation 8. The housing assenbly 11 is surrounded by a gas volunme 9. The
gas is preferably hydrogen or uterium The housing assenbly 11 and gas
volunme 9 are encl osed gas-tight” by the bulbh 10 nade ﬁ% quartz gl ass and

t he basepdredhsetht front rstagring pindtavditee TearrclpningiRit/e 1 QAT 'S 1NeHTEE° P fuse
into the quartz glass structure. Here, the deuteriunldiffuges

pr edoni naRdrioal @hbilift The hotsir assanttey 1 himghidss thagsthpdu theadstaendihey | n
the structure. Chem cal bonding with formation of Si]) is also possible,
but quanra%grﬁ;ré Ve lWhiftegt hethided spddkt Apdrhomiegeli dthordnthghdusing éfﬁelﬁbgﬂ ld. gases
(e.g., neon, xenon), the diffusion rate is significantly | ower. Tgés

di ffusi on.pr IS AeGE R RuSHe Byeablf ldae the tithakeiinmulagion 8hehquar t z
gl ass byqﬁgfgﬁﬁﬁfyg'ﬁgyggﬁ; th%h IS %eneragédd§; t he deuterium pl asma
The di ffysion at the f | §) ThB @a¢ B Praferad e gbeam
dischargngﬁngﬁ%?Eggﬁgq%%r Fgg arligﬁpgﬁgk¥ﬁe d%ffug?on b?ggess descri bed
here leads tqQ t result that.t fiall - plaEmases
cont i nuoGEHTIBr {NBHRR 4P ?Y?f%xg#éVgﬁggﬁﬁﬁggﬂ%%%g§§2?€ﬂfgr t he
operation of the lanp can intfained only up to a certain mninum
pressureJﬂﬂﬁmkhéQB@E§§ﬁ¥én$§Fﬂ§m% | ow this minimum pressure due to gas
wast age, then arc discharge is no | onger possible and the lanp is
unusabl e. The gas wastage thus defines the service |ife of the lanp. 6

Due to its small atomic radius, deuterium is able to diffuse into the quartz glass structure.
Here, the deuterium diffuses predominantly at interstitial sites and is thus bound intersti-
tially in the structure. Chemical bonding with formation of SiD is also possible, but quanti-
tatively negligible. With the significantly larger noble gases (e.g., neon, xenon}, the diffu-
sion rate is significantly lower. This diffusion process is even accelerated by surface acti-
vation of the quartz glass by hard UV radiation, which is generated by the deuterium
plasma. The difﬁsion at the quartz glass surface in the region of the beam discharge is
therefore particularly high. The diffusion process described here Ieads to the result that the
fill pressure of the lamp decreases continuously during operation. The arc discharge neces-
sary for the operation of the lamp can be maintained only up to a certain minimum pres-
sure. If the pressure falls below this minimum pressure due to gas wastage, then arc dis-

charge is no longer possible and the lamp is unusable. The gas wastage thus defines the

service life of the lamp.



Therefore, a gas diffusion barrier layer 13 made of anorphous al um num
oxide is applied on the inside of the bulb 10. Crystalline al um num oxi de
is, however, |ikew se conceivable. The gas diffusion barrier layer 13 is
represented in Fig. 2 and is applied on the entire inner surface of the
bul b 10. The gas diffusion barrier layer 13 was applied by a two-fold
coating process in the sol-gel dipping process. After each individual
coating, it was dried for 12 hqurs at 100C and baked for 12 hours at 900C.
The resulting gas diffusion barrier_|ayer.13 has overall. thi ss of
100 nm [Theickbrept gas diffupionrbamisp savent 3 IﬂﬁXﬁt %fea‘”f?‘léitu\boé‘s %@‘E‘Wé‘&ﬂ" ‘éﬁgsn#fpgﬁcg 1100
nm Anor phous al um num oxide is signifjicantly nore conpact than.t%

st r uct ur enafe inkide qfihe bulb@l0a§wsatﬁﬂletaﬂiéﬁléﬂ@r<@ﬂ<%éﬂ&‘BE@V"E e EPT AR
diffusion significantly. The reduction of the gas wastage is represented
in Fig. 3heGus ¥iefubios bavisr laher Briofdpkesemsed i Figriandi it rnlicd oA GAETUI P US| on
barrier layer, curve B shows the profile with the gas diffusion barrier

| ayer accpfli-ng ihodi®n.i nvention. The reduced gas loss allows a
significantly longer operating life of the deuterium/lanmp until reaching
the critical fill pressure. Due to the reduced gas loss, the intensity
profile of the deuteriumlanp is also inproved, because the UV intensity
of a deuterium. s i |_€J18 cHBRE ipkatedfin teesof-gtll  gas
and thusr@ﬁ5?ﬁ8ﬁﬁgﬁpbg?%ﬁ%&%gep%ﬁgﬁgg?f?%?g&%ensity g?ands in pro%ortion
to the nunber of ionized deuterju | ecu] . \WH ' r i tl
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There is thus an optimumfill pressure at_which a maxi of WV intensity
i s emtt edked fortihdops es SN E. The tesulting s PRPLOBATIFRIFNT E? H]%Sra“p‘%‘@% re,

thickness of 100 nm. It is optically transparent in the range between 160 nm and 1100 nm.

Amorphous aluminum oxide is significantly more compact than the structure of the quartz
glass and therefore reduces the deuterium diffusion significantly. The reduction of the gas
wastage is represented in Fig. 3. Curve A shows the profile of a lamp without the gas dif-
fusion barrier layer, curve B shows the profile with the gas diffusion barrier layer accord-
ing to the invention. The reduced gas loss allows a significantly longer operating life of the

deuterium lamp until reaching the critical fill pressure.

Due to the reduced gas loss, the intensity profile of the deuterium lamp is also improved,
because the UV intensity of a deuterium lamp is dependent on the particle density of the
fill gas and thus on the fill pressure. The particle density stands in proportion to the number
of ionized deuterium molecules, which in tumn directly determines the number of generated
photons and thus the UV intensity. There is thus an optimum fill pressure at which a maxi-

mum of UV intensity is emitted. If the pressure falls below this optimum filler pressure,



7 then the W intensity drops continuously until extinguishing the arc

di scharge. The opti- nmumfill pressure of a deuteriumlanp lies at
approximately 5 nbar, depending on the geonmetry. The pressure shoul d not
fall below a critical pressure of approximately 1 nbar. Fig. 4 shows the
intensity profile of a deuterium/lanp w thout gas diffusion barrier |ayer
(curve A) and with the gas diffusion barrier |ayer according to the

invention (curve B). d ains: . Deuteriumlanmp having a | anp base, which
has el ectrode feedthroughs, having a bul b made of gl ass,, and_having a
housi ng asmeth@{m«mman%pn%wm@egmﬁhﬁﬂﬁ%6ﬁ€£u5§wﬁﬁﬁé?°aﬁﬁ“E eFFEP%P' erein

at | east one part of the bulb forns a beam di scharge surface ang wher ei n
t he | anp rhas &llgneksielol 2 dawkise langhss at epgprarkmely 19500 eAdhe 85t hat
the bulb has a gas diffusion barrier layer on its surface facing the gas
conpar t NRiMetdt Thepetsutshbiile e fih elovcharige! presfuacef approximately 1 mbar.

Fig. 4 shows the intensity profile of a deuterium lamp without gas diffusion barrier layer

(curve A) and with the gas diffusion barrier layer according to the invention {(curve B).



2. Deuteriumlanp according to Claim1, characterized in th

di ffusion barrier |layer is forned from al um num oxi de, prgfgﬁagrg ??zm
anor phous al um num oxi de. 3. Deuteriumlanp according to Claim1 or 2
characterized in that the gas diffusion barrier |ayer has a thickness of
10 nmto 10 pm preferably of 20 nmto 200 rim 4. Deuteriumlanp
according to at least one of Claims 1 to 3, characterized in that the gas
di ffusion barrier layer is arrapged on the entire surface of the bulb
facing the gas conpartment. 5. uterium |l anp according to at |east one of
Cl ai m€laimtso 4, characterized in that the gas diffusion barrier layer is
transparent for radiation of a wavelength in the range of 160 nmto 1100
nm 6. Deuteriumlanp according to at least one of Clains 1 to 5 '
characterized in that the bulb is formed fromquartz gl ass or bo}osilicate
gl @ss.]. Deuterium lamp having a lamp base, which has electrode feedthroughs, having a bulb made

of glass, and having a housing assembly, which includes the anode, cathode, and aperture,
wherein at least one part of the bulb forms a beam discharge surface and wherein the lamp base
and bulb enclose a gas compartment, characterized in that the bulb has a gas diffusion barrier

layer on its surface facing the gas compartment at least on the beam discharge surface.

2. Deuterium lamp according to Claim 1, characterized in that the gas diffusion barrier layer is

formed from aluminum oxide, preferably from amorphous aluminum oxide.

3. Deuterium lamp according to Claim 1 or 2, characterized in that the gas diffusion barrier

layer has a thickness of 10 nm to 10 um, preferably of 20 nm to 200 nm.

4. Deuterium lamp according to at least one of Claims 1 to 3, characterized in that the gas dif-

fusion barrier layer is arranged on the entire surface of the bulb facing the gas compartment.

5. Deuterium lamp according to at least one of Claims I to 4, characterized in that the gas dif-

fusion barrier layer is transparent for radiation of a wavelength in the range of 160 nm to 1100

nmi.

6. Deuterium lamp according to at least one of Claims 1 to 5, characterized in that the bulb is

formed from quartz glass or borosilicate glass.



