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1.0 Introduction

1.1 Cermax Lamps

ILCs Grnax highintensity arc lanps are rugged and
conpact Xxenon short-arc lanps wth fixed interna
reflectars. Patented and tradenarked by |LC Technol ogy,
Inc., their prinary distingushing characteristics are
focused output, extrenely high brightness, and safe
operation. Grnax lanps aso provide broadband and
stable output spectra. Their high brightness nakes them
ided for aplicaios such as fibergtic illumretion,
video projection systens, and ana ytic instrunents.
Bxcept for sone speciaized |owwvattage, high-pressure
nercury lanps, Grnax | anps provide greater bright ness
levels than any other commercialy ava |l ad e incoherent
ligt source and in sone cases replace lasers. The
nechanica integrity of Grnax lanps far exceeds that of
ay aher type o short-arc lanp.

The purpose of this guide is to provide the system
designer wth the information needed to efficiently
incorporate CGernax lanps into optical systens and
achi eve naxi numperfornance. This gui de describes the
lanp construction details;, the nechanicd, optical, and
dectricd characteristics, operation details, includng

operating hazards and lanp lifeting and specific
gicaias.

1.2 Major Lamp Characteristics

Qrnax lanps are sinmlar in nany ways to quartz xenon
short-arc lanps, though they appear quite different (see
Houe 1). The tw types of lanps share spectrd
characteristics and often run from the sane power
suyplies. Smlarities dso indude stabe cdor
cheracteristics, excdlet cdo rendtion instat-on wth
no coor shift, and noduation capability. The
fundanental efficacies of Gernax and quartz xenon
lanps are close, about 20-30 | unens per watt bel ow 1000
vatts. This conpares to about 70-300 | unens per vatt for
typica netal haide lanps. However, Gernax and quartz
xenon lanps are rardly used in situations where raw
lumnous flux is the only inportant characteristic.
Because Gernax and quartz xenon |anps have snall arc
s ad high arc brigtress, ther ligt can be focused
nore essily oto snall targets. In the case of Grnax
laps, the reflectar cdlects nre of the ligt then the
typicd neta hdide lanp reflector. Gonsequently, in
nany applications Grnax |anps focus nore light on the
target then simlar- vattage netd hdide | anps.

Figure 1. Typcd Grnax lap (I€t) ad quartz xenon short-arc lap (rigt). (Fhatos ot to scde)
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Germax and quartz xenon lanps run from DC power
supies that are usudly lovvdtage (1220 vdts), higr
curent poner supplies wth trigger and boost circuts for
lanp ignition. Lifetines for Grnax and quartz xenon
| anps usual |y range froma mni numaof 500 hours to 5000
a 10,000 hours, depending on the application.

Athough Gernax and quartz xenon |anps have
narny simlarities, it s the dfferences thet higligt the
strengths of the Grnax lanp. Advantages of Cernax
| anps over xenon |anps include conpactness, snall arc
Size, ruggedness, no devitrification of the lanp bu b, ad
the prediged interrd reflector.

Because of the ceranmic construction, a Gernax |anp
(idungreflector ad coding firs) istypcdly afraction
o the size of a conparabl e quartz xenon system

¥ A@mnax lanps arc size is wudly shoter ad its
curent level higher than those of a quartz xenon | anp
at the sane poner . This cases the geater brigtness o
CGernax | anps.

¥ The ceramic construction nakes the Grnax |anp
very rugged and safe for user replacenent. The
ceranc-to-netal seals used in Grnax |anps achi eve
nuch higher strengths and are nore consistent than
the sed's in quartz xenon lanps. Grnax |anps are the
safest xemon arc lanps avallad e

¥ The predigned reflector eimnates the need faor any
fidd digrnet o lanp to reflectar. The sapphire
wndow in a Grnax lanp alows for wde spectral
ouput (Wto5 mcrons), but by addng afilter coating
(F type lanps), the U/ can be kept inside the | anp.

1.3 About This Guide

The infornation in this gude is inended to cover the
Grnax product famly. Therefore, the data vas chosen to
represent typica perfornance characteristics. There are
over 20 standard QGrnax lanps and hundreds of
nonstandard lanps that nay differ in one o tw
specification itens. For each standard Gernax |anp,
there is a product speci ficati on sheet. Those sheets, d og
wththis gude shouddalowva desiger to predct system
perfornance in nost cases.

Qcasional ly, areference is nade to 1LC engi neering
notes. These cotain noe detailed test deta and are
available from ILC Technol ogy. Sne of the data
presented here is fromthose engi neering notes. \Viden the
data source is nat referenced, the data ves generated in
thetest lds a ILCadis nat avalade in pudished fam

The infornation presented here is ained at the
system designer. In addtion there is a pgoer by
Rovinskiyl that is an apropriate introduction to how
xenon short-arc lanps are designed and how the design
paraneters affect perfornance. There are also other
publ i shed papers that address the details of perfornance

and el ectrode phenonena and nay be hel pful to system
desigers. 2345

To fuly optinnze the illumration systemthat uses a
Qrnax lanp, raytracing wth optical design softvare
prograns is often required. Sandard lens design
prograns, such as Beam46, Qlo7, ad so on, ae wseu
for rudinentar y raytracing in gticd systens that cotan
Grnax lanps. Nevertheless, to fully optinize the
system opticd software progans (such as S stiss) ae
required that can nodel the arc in the lanp and |aunch
rays fromnany different points in the arc a nany
dffaet ages. |ILC BEgineering Note 227 provides a
nunerical arc nap of a 300-wvatt Grnax lanp. 1LC
engi neering note 228 provides lens design paraneters for
sone conmon commercially available aspheric
condenser | enses.

A recormended general reference on photonetric
ad rad onetric testing and lanps in generd is the IES
Lighting Handbook.® A good reference on cdor is G aor
Siencel® by Wszecki ad Siles. Qicd reflectas ae
covered in The Qticd DOsign o Rflectars, Lby H ner.

2.1 Cermax Lamp Types
Houre 2 shows typical Qrnax lanps. The various |anp
nodel s are nast easily sorted by povwer levd, reflectar
type, awd spectra output.

The first dstingushing cheracteristic is pover led.
The standard pover levels are 15 175 300, 500, and 1000
vatts. Each of these pover levds is actudly a pover
range, wth the nomnal pover level near the naxi num
For instance, a 300-vatt Crnax lanp wll nornally
operate from18) to 30 vetts, a 175-wvat from150 to 20
vatts, ad so on The upper levd of the pover range is
determned by the naxi umtenperature that the lanp
can sustain ad still neet its lifetine requirenant. The
nni num pover |evel is determned by the requirenent
for logtemac stadility. The lanp wll not be danaged
if itisqgededa vy lovpoers for short periods of
tine. However, for exanple, operating a 300-vett lanp at
120 vats fa 100 hours nay cause the arc to becone
ustade adthe ligt otpu toflicker inintesity. Geck
the individud product data sheets for poner range and
aher specifications.

The secod charecteristic is reflectar type For nost
pover levels, both eliptica and parabdic Grnax | anps
are avalabe. The elipticad lanps produce focused
aupus ad have sligtly better cdlection efficiencies and
sligtly shorter arc gaps. The parabdic |anps produce
collinted output beans and are usually used wth
foosing lemses. If andlipicd lapis sdetted the nexdt
daceisrefleda fnunber. Hlipicd laps uptothe 30

2
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Typica Grrax |ams. () DGOOF, () LXLOOOGF, () BAX0-10F, (d) BE00-13F, (€) BONGIOF, (f) BOOG13F,

(g) EXLOOOG 13F. (Rys are far illwstration purposes ad ae ndt true raytraces.)

vatt poer levd have f nuners of 1, 1.5 ad 2 ILC
ofines frunber as the onraxis length fromthe end of the
reflectar to the focd parnt, dvidd by twee the radd
heigt of the highest nargna ray as it strikes the
reflectar. The 500 ad 1000-vett dlipticd lanps have f
nunbers of 1 and 1.3 respectivdy. It is imotat to
dstingush betveen the theoreticd f nuniber and the
dfetive f nunber. Becase very fewgiicd rays ae
reflected fromthe oternast edge of the reflector in
Crnax lanps, the theoretica lanp f nunber that best
natches a particu ar optica systemnay not be the sane
as the system f nunber. For examqple, an /1.3 Gernax
lanp nay be the best natch for an /1.5 gaticd system
The third characteristic is spectra output. Crnax
lanps are optimnzed for ether utravidet (U) enssion

o for visihe use The viside laps have a filter coaing
on the lanp wndow to absorb and reflect umvanted U/
back into the lanp. Therefore, Grnax | anps optinzed
fa thevise hae an Fsufix, fo filteed intheir nodd
nunibers, while the nodel nunbers of UWv-emtting
| anps contain the letters V.

The nodel nunbers for Cernmax |anps contain
infornation about the power and construction cho ces.
Sandard Gernax lanps have nodel nunbers such as
LX300F or BX500-13UV. LX signfies a cdlinated
output and parabd i c-shaped reflector lanp, EXsignifies
a focused output and an dliptica -shaped reflector | anp.
The next three or four dgts gve the nomnd poer (e.g,
0 vetts a 50 vats). Inthecase o dlipticd lamps, the
13(a -1Q -15 -20 etc) rgresets the momrd fnunber.

Lamp Construction



For exanple, -13d9gifies f/1.3. There are customCr nax
lanps for original equi pnent nanuf acurers whose nodel
nuntoers begin wth Y, such as Y1052, These nuniers are
assigned sequentialy and do not contain infornation
about construction. Such @M lanps usually feature
sone characteristic, specification, o test paraneter
wiich differs fromthose of standard lanps. These Y-
lanps are not generdly availabl e to custoners ather than
those for woomthe lanps were designed. It is very risky
toredanp a fixture or lightsowrce wth a Grnax |anp
thet does not have the exact nodel nunier of the orig nd
lanp. Grnax |anps that appear identica can have vastly
dfferent perfornance characteristics.

2.2 Lamp Construction

FHogre 3 shos a pictaid viewad a cross section o a
| owwvattage parabolic Grmax |anp. Mst CGernax | anps
ae simlar in construction, adthough indvidud perts
nay vary didgtly. The lamp is costructed etirdy of
netal and ceranmic. No organi ¢ (carbon-based) naterias,
nercury, rae-earth d enerts, o ay ather nateria s wth
disposal problens are used in the | anp constructi on. The
fill gas, xemon, is inert and notoxic. The lanp
subassenl ies are constructed wth hightenperature
brazes in fixtues that constrain the asselies to tigt
dinensional toerances. Hgure 4 shows sone of these
lanps subessendl ies and fixtures after brazing

Figure 3. Rdaid viewad aross setiond alovvatage
Crnax | anp.

There are three nain subassenblies in the Grnax
lanp: cathode, anode, and reflector. The cathode
assenly (33 cotains the lanp cathode (30), the struts
ho ding the cathode to the wndow flange (3c), the
wndow (3d), and the getters (3¢). Thelap cathodkeis a
snal |, pencil-shaped part nade fromthoriated tungsten.
During operation, the cathode emts electrons that
nmgrate across the lanp arc gap and strike the anode. The
eectrons are entted thernmionically fromthe cathode,
neaning that the cathode tip nust naintan a high
tenperature and | ow el ectron-emssion work function.

The cahode struts () hdd the cathode rigdy in
place and conduct current to the cathode. The |anp
wndow (3d) is ground and polished single-crystd
sapphire (AG,). Spphire is chosen to dlowthe thernal
expansion of the wndow to natch the flange thernal
expansion so that a hernetic sed is maintained over a
wde operating tenperature range. Another advantage of
sapphire is its good thernal conductivity, which
transports heat to the flange of the lanp ad distribues
the heat evenly to avaid cracking the wndow @&tters
(32) are wapped around the cathode and placed on the
struts. Their functionis to absorb contamnant gases thet
evdve in the lanp during operation and to extend | anp
life by preverting the contamnants from poi soning the
cathode and transporting umanted naterias onto the
reflector and w ndow.

The anode assenbly (3f) is conposed of the anode
(), the bese (), ad tudaion (3). The aode () is

Figure 4. Qrnax | anp subassenbl i es bei ng renoved from
brazng fixues.

Lamp Construction



constructed frompure tungsten and is nuch nore bl unt
in shgpe than the cathode. This shape is nostly the resut
o thedscherge physics thet casesthearctospread @ its
positive dectricd atachnet pant. The arc is actudly
sonevhat conica in shepe, wth the point of the cone
touching the cathode and the base of the cone resting on
the anode. The anode is larger than the cathode, to
conduct nore heat. About 80% of the conducted vaste
heat inthe lanpis conducted out through the anode, and
20%is conducted through the cathode. Therefore, the
anode has been designed to have a lover thernal
resistance path to the lanp heatsinks. This expla ns wy
the lap bese (3) is rdaivdy nassive The bese is
constructed of iron or other thernally conductive
naterial to conduct heat |oads fromthe | anp anode. The
tud ation (3) is the pot for evacuating the lanp ad
filling it wth xenn ges. Ate filling the tudaion is
pinched o cddweded wth a hydradic tod and the
lapis sindtaneosly sed ed and cut off framthe filling
and processi ng stati on.

The reflectar asseily (3) comsists o the reflector
() ad tw sleaves (). The reflectar is a rearly pue
pal yer ystd line a una body thet is dazed wth a higt
tenperature nateria to gve the reflectar a specd ar
suface Rflectors are betch-checked to ensure that the
reflector figwre wll not degrade the lanp s optical
perfonance (Fgure 5. Thereflectar isthensededtoits
seaes (3) ad the reflective coating is gpdied to the
dazed imer suface. Fo vishe Flamps, therefledta is
costed wth a silver dloy. For U/ lanps, the reflector
receives an a umnum coating. An advantage of the
sed ed reflector construction of Garnax |anps, and of the

Figure 5. Grnax reflectar ceranmncs bel ng checked for
reflectar contour on a coord nete neasuri ng nachi ne.

inert xeon fill ges, is tha the reflectas ae qicdy
sedled into the find lanp assenbly, dimnating the
chance for oxidation to degyade the reflectar s surface.

The three lanp assenlies are findly seaed by
tungsten-inert-gas (TTQ welding the cathode and anode
sleeves (3). Bfare seding, the assentilies are checked to
esuwe that the arc g is corect ad is positioned
accuady rdaive to the reflectar. The lanps are lesk
checked, pressure tested to beyond operation pressure,
and then evacuated and baked out on the punp and fill
station to € imnate any renai ning contanmnants (Fgure
6). @l d xenon fill pressures for standard Gxrnax | anps
aelisedinFgre7. Ate filling, thelanps aebunedin
for a lesst 2 hours to stailize the cahode Al laps ae
then tested for ligt ouput, ether in the specific
equi pnent vhere they will be operated or in generic test
setys. Thelanps dsorecave atest for triggeradility ad
various dinensional and cosnetic checks.

Figure 6. Qrnax | anps ready for vacuumprocessi ng.

Lamp Model Number Prg:slﬂrl;il(lpsi)
LX125 (F + UV) 250
LX175 (F + UV) 250
LX300 (F + UV) 250
LX500C (F + UV) 280
LX1000C (F + UV) 280
EX125-10 (F + UV) 350
EX175-10 (F + UV) 350
EX300-10 (F + UV) 350
EX500-10 (F + UV) 305
EX500-13 (F + UV) 305
EX900C-10 (F + UV) 325
EX900C-13 (F + UV) 325
EX1000C-10 (F + UV) 325
EX1000C-13 (F + UV) 325

Figure 7. HIIl pressures for standard Grnax | anps.
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2.3 Mechanical Dimensions and Tolerances

Hgure 8 shows the refl ector and | anp body di nensi ons for
a typicd Crnax lanp. Dawngs such as FHgue 8 are
provided in individud lanp product specification sheets.
The td erances are inportant in designing heatsinks and
nati ng nechanical parts, because good nechanical fit to
the heatsinks is essertid far edracting the het framthe
lanp and naintaining low | anp operating tenperatures.
Bcase the tubd ationis the nast fragle part of the lanp,
it shaud be caefuly pratected A sharp bow to the
tubd ation nay cause the cdd weld seal to open, causing
the gas to be vented and rendering the | anp usel ess. Such a
falueis nt eqasive Infact, squeezing the tuod aion
wthapar of piersis the recomended vay of reieving
the interna pressure in wornout lanps to render them
tatdly harnhess.

The only additional nechanical infornation needed
to construct heatsinks for Grnax lanps is the di nensi ons
of the wndow coding rings that attach to the wndow
FHgre 9 lists the coding ring dnemsios for the two
wndow dianeters in eliptical Grnax |anps.

The user often needs to knowhowaccurat ey the |ight
output drection axd spat location are cotrdled reaive
to the lanp body. For parabolic Grnax | anps, the center
of the output beamis wthin -2 degrees of the nornal from
the lanp bese (i.e, the lanp suface that cotanmns the
tud aion). For dlipicd BEA00-10F Gernax |anps, the
ceters o thelanps focd spasliewthnacrde 2 nmin
di aneter .

3.0 Optical Characteristics

3.1 Spectrum, Color, and Efficacy

3.1.1 Spectrum

Qe of the unique characteristics of Garnax |anps and of
Quartz xenon short-arc lanps in generd is ther
renarkably stable spectrum FHgure 10 shows a Gernax

spectrumin the W/, visile adnrear IR If thelaphes a
coating to einmnate the W/, the 2000 to 300-mMmrad aion
wll be nissing fromthe lanp output. The rad ation has
several different conponents. The line radiation from
8002000 nmis the resut of bound-boud transitions in
the xenon atons and ions. The continuumis nade up
prinarily of reconination radiation from gas ions
capturing electrons into bound states (free-bound
transitions) and fromBensstrahlung radiation (free-free
transitions). As the lanp power changes over very wde
pover ranges (very nuch wder than those recommended
foo nonal opraion), the rdaive inesity o the line
versus-continuum radiation aso changes. A extrenaly
lowpovers, the line radiation domnates. As the pover is
increased, the continuum radiation becones nore
domnant, until at extrenaly high povers the conti nuum
redaionwll anost dcomn out the line rad ation Such an
extrene case i s seen in xenon flashlanps a the peek of the
lanp pulse. 2 However, the powr densities seen in
nornal Gernax |anps cover a nminute range conpared to
these extrenes. Al Grnax lanps have the sane
spectrumin their specified poner ranges.

Acther factor inportant in explaining the xenon
spectrumis the plasna emissivity. Measurenents have
been nade of the xenon plasna emissivity as a function of
vavel ength and peak current for flashlanps3 ad o the
transparency of high-pressure xenon arcs. “41ngenerd, the
emssivity of xenon plasnas in Grnax lanps in the
visile spactrumis less then 1. This neas thet the arc is
pertially transparent. The emssivity is higer in the
infraedtheninthevisidead higher inthevisibdethenin
the W. Inthe far infrared (15 mcras,) the emssivity is
doe to 1. Wen the current is incressed in a Qrnax
lanp, the arc expands sligtly. The spectrum and the
corelated codor tenperature (CC) of the arc shodd
change because of the increased pover density. Infat, the
spectrumin the visile hardy changes a dl, because the
arc expansi on, the emssivity, and the bl ackbody radi ation

Dimensions:
inches (mm) (6.350)

Reflector Geometry:
Parabolic, y2 = 0.5 x

Focal Point 1.000 f_-gﬁ)g
—»<€—.006 (25.400)
(.152)
/ Optical

Centerline

\Cathode

—» < 125
(3.175)

6-32 UNC-2B x .156 DP

.250 MAX—>|

3 holes eq. sp. on a 250+.015 —p
3.750 (19.050) B.C. (6.350)

€«— 1.667£.020 3 —»|  #1.298+.005
(42.342) (32.957)
— | €—.035 REF
N (.899)
=
3| 4 2 |
o = 31.000 NOM
5 5 (25.400)
S g
|| >
<« <€—.40%.10
(10.16) 2 Places

Figure 8. Reflectar geonetr y and | anp body d nensions for a typicad Grnax |anp (L300F).
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Figure 9. @dingring dnensions for 1-inch and 1-38-inch
w ndow CGer nax | anps.

changes tend to cancel each other out. The spectrumand
CC stay dnost the sane and the spectral intensity goes
up unifornhy.

The tenperature of the gas in the arc cdum of a
Grnax lanp is nuch higher than the neasured 6000 K
CCT. However, becase o the |oner plasna emissivity at
shorter wavelengths, the shgpe of the spectrumin the
visibeisfla adisagood agradination of suligt. The
xenon plasna enssivity is usefu in exdanng wy the
spectrum behaves in certain vays. Hwever, becase o
the large nunber of variddes invdved, it is anast
inpossible to cdcuate the spectrum o even seected

spectra pover demsities, fromthe emssivity ad o her
pl asna paranet ers.

In the far infrared, QGrnax lanps behave like
blackbod es wth high emssivities. Fgue 11 shos a
typical Qrnax spectrum in the 1-5 nicron range.
Qrnax |anps are occasional |y used as infrared sources
because their output can be tenporally nodul ated.
However, soe o the infraed radaion resuts from
incandescent radiation fromthe hot eectrodes in the
Qrnax lanp. Aso, xenon has a significant afterg ow
S inthe case of noddaioninthe lahp, even ater the
curent pdse hes gretozero o toavery lovvd ue the
plasha can radiate and provide an infrared tal.

Qe of the unique phenonena of xenon arc |anps,
and of Gxrnax lanps in particdar, isthe eistare d a
cathode hot spot. Because of cathode ennssi on processes,
the arc is comstricted a the cahode end of the arc ggp ad
a hot spot gopears in the gas detached fromthe cat hode.
The COT of thegas is extrendly high at the cathode spat,
on the oder of 20000 K The cathode hat spat in a
Qrnax | anp (see section 3.2) is a ahigher CCT than the
bu k of the arc. Hwever, because of the extrendy snall
size of the hot spat and because the Grnax reflector
tends to bu the arc coponerts, it is very dffialt to
nake spectral neasurenents in the illumnated fidd of
viewof a Grnax |anp that shows dfferent spectra

3.1.2 Color
Houe 12 shows the 1981 A E chronaticity diagramiSthe
is wsdly wsed to describe the cdor cleracteristics o
lanps. Qher references expan the derivation and use of
this dagram 0 The cur ved line near the ceter o Fgue
12a reresents the locus of cdor coordnates ad CCTs
for pure bl ackbodi es. The nuners a ong the cur ved lire
(3600, 4800, 6500, etc.) represet the cd or tenpera ures.
FHgure 12b represents a nagnified inage of the cur ved
lire

Measurenents of nany CGernax |anps indicate that
the average CCT is about 6150 Kwhen the lanps are only
afewhours dd Thereis astandard deviation of about 150
K indicating that the Grnax co or tenperature shoul d
never be specified closer than 450 K unless the
gpication is exrendly cdar-criticd. (Near 6000 K a
vaidion o 150 degrees is dnast an inperceptible cdor
tenperatwre difference. By cotrast, a 150-degree cd or
tenperat ure difference near 3000 Kwoul d be noti cesbl e.)
As a Grnax lanp ages, the average CCI' decreases by
20020 K in the first 400 hours and the sane anount
agininthe ne¢ 600 haus.

The @l or Rendering Index ((R) for Garnax as wel |
as quartz xenon lanps is B to PV A@R o 100 would
nean the lanp s ability to accurately render coors vas

equivd et to dayligt.
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Figure 11. Typicd Grnax spectruminthe infrared

The average Xy color coordinates of Grnax |anps
ae03N ad 035 The standard deviations of these coor -
drnates ae 0.0026. By dating the x ad ycoordinates on
Hgue 12b, one can see how renarkably close a Gornax
lapcda istotha of anided Hackbody a 6150 K

3.1.3 Efficacy

Hficacy is atermthat describes alap s adility to produce
edfidet visdelidgt. It isthetad |unnos flux emtted
dvided by the totd lanp pover input (lunens per watt).

Xenon gas is used in Grnax lanps because of its
radaive efficency. Ging dom the periodc table of
nod e geses, rad ative efficiency incresses as ges aomc
ve ght increases. Xenon is the heaviest available nod e ges
because radon is highy rad cective. Lighter gases, such as
argon or krypton, are occasiond ly used in lanps that can
use the specific line radaion o these geses. Hwever,
because xenon is noch nare efficient than these lighter
gases, norkxenon OC short-arc lanps are rare.

/s ve have nentioned, the efficacy of xenon lanps in
generd and of Gernax lanps in particdar is inthe range
of 2030 lunens per vatt for lanps under 1000 vatts. A
hi gher powers, xenon short-arc lanps can sonetines
achieve 50 lunens per watt. However, [unens per wvatt
delivered on target is the inportant neasurenent, and
becasse of the internd reflector, it is dfficdt to capeare
Crnax | anps to other |anps based on raw efficacy. Oten
the nunbber of lunens per vatt delivered by a CGornax
lanp is eqd to o gese than that ddivered by a
reflectorized netd hdide [anp.

Increasing the arc gap tends to increase | anp efficacy
a the expense of illumnance. Increassing Grnax gas fill
pressure a so increases efficacy up to the naxi nnimsafe

operating pressure.

3.2 Arc Luminance
Lumnance is a neaswre of light flux emtted from a
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Figure 12. (8 181 GEchromaticity dagam

(b) Gronaticity dagramshowng i sotenperature lines. Lines
o costat cordaed cda tepraue aegvena ever yl10
reciproca negeke vins. Average Gxrnax coord nates are

(020, 0.35)(610 K.

suface Ac lrigtness is an o der photonetric term
referring to arc lumnance. Though kriginess isaway
descriptive termfar emtted ligt per uit sorce areg, it is
scietificdly amhiguous, becasse it can refer ether to a
physiol ogica sensation or to a physicaly neasured
quantity. Luminance has units of candeas per square
neter. Acardais aluen per sterad an

Fouwes 13 ad 14 show the neasured isobrightness
cotous for actuad arcs in Grnax lanps. If the cotours
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were cdibrated in canddas per nm?, FHoures 13 ad 14
vwould properly define the arc luninance conpletely.
Sch a typcd cdibrated isdxrigtness pa is shom in
Fgue 15 Wth quartz xenon arc lanps, this wou d be the
usua starting pont for raytracing ad the actua
prediction of illunnation systemperfornance. Hwever,
as netioed insection 31, thearcispatidly trasperat.
If one raytraces wth the isdorigitress contours as the
starting point, the nodd wll prooedy nat dstribue the
emtting rays properly to accout for the dfferences in
emssivity. Thsis paticdaly true o laps ad gicd
systens thet cotan high cdlection efficiecy reflectors,
such as Grnax lanps. The isobrightness contours are
wefu inraytracing as log as it is udkerstood thet the
noded Wil probedy have built-in errars.

The best theoretica systemraytrace nodd s are those
inwichthe isdrigitness cotous are used as a re aive
starting pant for the rays. Tt is, the nuber o rays
aigraing froma potion o the ac is scded to the
cotour nuners on that portion of the isobrightness
plot. Vien the raytrace programtraces the rays through
the foca point of the lanp or system the nuner of rays
shoud then be scaled wth the neasured spot
illumnances (see section 33 to arive a the proper
prediction of systemperfornance.

The arc isdriginess pdas dsoillustrate the effects
of age, arc length, pressure, and convection on arc

Cathode

Anode
Anode

2 Hours 24 Hours

(a) (b)

Cathode

Anode
Anode

250 Hours

(d) (e)

500 Hours

illumnance. The various isorightness plats in Fgure 13
show the nornal effects of lanp aging. The cathode hat
spat tends to gt larger ad spread radidly, resdtingin
Oecreasing il lumnance, Nt only does it decreasse, but it
Oecreases a a faster rate than the overdl lap
illumnance (see section 33 1). Aso the cathode tip
erodes into a rounder shape. Hgure 16 shows the
illunnance of the arc hat spats of the lanps in Fgre 13
as afuxtion of lanp age

Gnparison of Hgures 13 ad 14 illwstraes the
effects of aclenghonarcillumnance. Increasing the arc
length tends to stretch out the contours of the nain body
o the arc. Increasing curent tends to incresse the
illumnance, but also increases the arc daneter.
Incressing the ges fill pressure tends to castrict thearcin
dianeter. However, the gas fill pressue is wEly
Oeternmined by the highest safe operating pressure thet the
lanp can sustain. Therefare, fill pressure is not an
ogriod design varidde

Nre of the variables age, arc length, o fill
pressre quaitaively affects the gopearance of the arc
isobrightness plats. Qwiously, if the ac legh vere
incressed a grest ded, the pats vaud take on a dfferent
appear ance.

Qose examnation of the plats in Fgue 13 reveds
theat the arcs are not perfectly rataiodly symetric.
Qnvection inside the lanp causes the asynmetry. The

Cathode Cathode

Anode

100 Hours

(c)

Cathode Cathode

Anode

1000 Hours

(f)

Figure 13. Isdorightness cotours of an DAOF lanp as a fuction of lanp age. Lanp current vas 20 anps. Arc gap vas 0.049 i nches.
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Figure 14. Isdorightness cotours of an LXLOOOQ | anp.
Lanp current vas 50 anps. Ac gap vas 0.090 i nches.
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Figure 15. Glibraed isdrigtiness pa. 300-vett [ap
runing & 250 vets, 4 hors dd 0.0680-inch ac ggp. @riours
are in candel as/ nm?.

sligtly upward-bowng arc is nornally very snall,
because the relativdy high curent and short arc ggp in
Qrnax laps limt this effect. A very low curents
(lower than the reconmended operating range), the
bowng can becone large, and is one factor in the
increased lanp voltage at low currents because the
effective arc leghis inoressed

3.3 llluminance
With unreflectorized | anps, the nest inportant charac-

400 T T T T T T T T T

350

300
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200

150

Relative Arc Brightness

100
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0 | | | | | 1 1 | |
0 100 200 300 400 500 600 700 800 900 10C

Lamp Hours

Figure 16. Rdaive ac briginess o the cahote hat spat as
afuction of lanp age for an DAOOF | anp.

teristic is the arc lumnance, because ligt emtted from
the ac in dl drectios is gahered by the user s system
and redirected were desired. Wth reflectorized | anps
such as Garnax |anps, the nost inportant characteristic
isillumnnance, wichis defined as the density of | uninous
flix inddat onasuface If thefidd o illumrgion o a
lapis evedly lit, theillumnance is usud ly exqressed in
foot-cand es (I unens/ square foot) or lux (I unens/ square
neter) a a certan dstace Ths is the case wth
reflectorized lanps used for generd illumnation such as
fluorescent lanp fixtures. In the case o highy focused
lanps, such as Gernax and other snall eliptica reflector
lanps, it is custonary to express illumnance as the
nunber of | unens captured by various-sized apertures. If
the shepe of the illumneted spat is dso gven the system
Oesiger cancdedae the ligt usefu tothe system

The i |l uninance cheracteristics for bath e liptica and
parabdic reflector Grnax lanps are discussed in the
next two sections. Indliptica Grnax |anps, the dovious
place to nake the illumnance neasurenents is the
reflector focad spot. In paraboic Grnax lanps, the data
is taken wth commonly used focusing |enses. Bren wth
parabol i c Grnax |anps, the vast najority of applications
invd ve focusing the lanp autput as soon as the ligt exits
the lanp. In section 34 data is preseted on parabdic
Qrnax |anps used wthout focusing systens.

3.3.1 Elliptical lamps

Houre 17 shovws the | unen output versus aperture size for
a nuner of lowpower eliptica Grnax |anps. 16 1718
Vaios-sized circda guertures vere inserted at the focd
spats of lanps, ad the ligt that was transmtted through
the apertures vas gathered in an integrating sphere. The

Optical Characteristics
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Figure 17. Lunen output versus goerture size for | owpover
dlipticd Grnax lanps. "RU| @ed' indcates tad aupu
wthout an aperture. Masurenents taken at nomind | anp
pover ad 2-hour |anp age.

aperture positions were optinmzed in al orthogona
directions to naximze the lunen readings. The pover
densities even in lowpovwer Crnax lanps are high
enough that the apertures need to be heatsuk or vater-
coded FHgue 18 is a cotinaion o the dita faor snall
goerture sizes. Hgue 19 shows the conparadl e data for
hi gher-power Gernax lanps. 22 (Eror bars represent
stadard deviaion of the 2 to 4-lanp test saple)

The figures nentioned above represent average data
for rdativdy snall sample sizes. For the reader to
gpreciae the statisticd variaion in the illumnance
data, Foguwe 20 shows the distribution of illuninance
vaues for atypcd laptypea 2hous ada 24 hous.

To conplete the illumnance data, infornation on
the shepe ad intesity dstribuion in the focd spat is
required. The foca spot is nomnaly circdarly
symetric. Swll noise artifacts nay cause the beamto
have sone structure, but these are usud ly integrated out
innost optica systens. The closest sinpl e nat henati cal
gproxination to the intensity distribution is a Gussian
shape. Nevertheless, this approxination hads true only
inthe ceter o the focd spat. The oulying aress o the
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Figure 18. Grtinaion of Fouwe 17 to smlle gertue
Sz

beamare higher inintensity than pred cted by a Gussi an
dstribuion Fgure 21 shons a typicad Grnax €liptica
lanp beam shape. The x axis expands or contracts
dependi ng on the lanp type. The 10%foca spot di aneter
is25-015 tines the S%focd spat daneter for a nast
all Grnax anp types. Again, fromlanp tolanp thereis
sone variationinthe shape of the cr ve asvdl asadigt
variation in shape from one lanp nodel nunber to
anot her 16 1718 19 @

The beamspat size and shape dso vary wth z-ads
position rd aive to the nomrd focd point of the |anp.
The beamspat size dso varies wth lanp age. Fgue 2 is
atadaion o these effects for atypcd lanp 16

Frely, Fgue 23 shoss how the spot illunnance
varies wth lanp age for atypcd lamp

Qher factors affect the lanp spat size and behavior .
Factors nentiored in section 32 that affect arc
i llunnnence d so influence the spat size Incressing the fill
presswe and decreasing the arc gap cause the arc to
becone snal | er and correspondi ngly cause the focal spot

12
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Figure 19. Lunen output versus goerture size for hi ghpover
dlipticd Grnax lanps. "RU| @e' ind cates tatd output
wthout an aperture. Masurenents for BXO00 and EXLO0O
lanps taken @& 1000 vatts and 2-hour lanp age.  Masurenents
for BB | anps taken a 500 vatts and 24-hour |anp age.

Size to decresse. The lanp frunber is dso alarge factor,
becase the focd spat sizeisinversdy proportiod tothe f
nunber. The ratio of illumnances between an f/1 ad an
f/1.3 lanp shoud theoreticaly be 1731, because
illumnance depends on foca spat area (f-nuner ratio
squared). However, the neasured illuninance differences
between various f-nunber lanps of the sane pover are
alnost always snal ler than expected. The | over- f- nunber
lanps never quite achieve their snall theoreticd spot sizes
because of reflectar nagnification i ssues.

Sone lanp types have slightly different reflector
geonetries. Not al Crnax |anps have the sane refl ector
cdlection efficiency. Therefore, scaling illuninance
val ues fromone Grnax | anp type and wattage to another
does nat awvays wrk. This is particdarly true as lanp
vattage incresses, because the hde in the back o the
reflector around the anode changes in size. The hd e nost
incresse in size as vatage incresses, to prevet reflector
caking Thshdeissodosetothe actha it sutens a
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Figure 20. Typcd atpt dstribtias o laps & 2 hous
and 24 hours (BX600-13F | aps).

large fraction o the posside reflectar cdlection age
Therefore, even though increasing arc power increases
radaion efficiecy, this increase is sonetines negated by
the decrease in cdlection efficiency a higher pover
because of the larger anode hd e size.

3.3.2 Parabolic lamps

Al the sane cosiderations o arc gap, fill pressure and so
on, that are dscussed in the preced ng section rd ative to
dlipticd Grnax lanps dso hdd true qaitaivdy for
perabolic Grnax |anps wth short-focus |enses. FHgure 24
shows the equivalent nunber of lunens captured by
various aperture sizes for typica parabdic Grnax |anps
wth lenses. The test nethod vas similar to that described
insticn331

There are too nany possi bl e conti nations of | anps,
lenses, lanp age, and so on, to present compl ete sets of
deta for pardbdic lanps wih lenses. Section 3.4 preserts
data on paraboic Grnax lanp | umnous intensities, that
is, neasurenents of the unfocused output fromparabolic
lanps. That data, in conjunction wth sone sinple lens
cdcdaions, enddes the user to estinate the autput from
perticu ar lanp-lens coninations. The data in Hgue 24
can then be used to check the estinate.

Parabolic Crnmax lanps give lower focused
illumnance values than eliptica lanps of the sane
vatage Ths is nostly a resut o the loer reflecta
cdlection efficiency in paabdic laps as conpared to

Optical Characteristics

13



100 —

Gaussian ( ex’ )
90 — matched to
Cermax shape
at 1/e point
80 —
70 —
60 —
50 —
Typical elliptical
Cermax focal
40 —| spot shape
5
s
> |
3 30
o)
=
© |
< 20
[hd
10 —
0
EX900-10F
EX1000-10F 0.20 0.15 0.10 0.05 0.05 0.10 0.15 0.20
N O B A A N T T T T T T Y A O
EX900-13F
EX1000-13F 0.20 0.15 0.10 0.05 0.05 0.10 0.15 0.20
T e O B T T A R B B
EX500-10F
0.10 0.05 0.05 0.10
Lol I Lol Lol
EX500-13F
0.15 0.10 0.05 0.05 0.10 0.15
I T IR SO N B I [ N S N N B
EX300-10F
EX175-10F
EX125-10F \0-\15\ L \0-\10\ L \0'\05\ ! ! \O-?S\ \0'\10\ L \0'1\5\
Distance from Center (inches)
Figure 21. Typicd dlipticd Grnax beamshape conpered to Gussi an distribution

thet of theeqivd et dlipticd laps. Parabdic |angs still
allow the user to natch a particdar fiber nunerica
gperture o system f nunioer without requiring a custom
lanp reflector. Parabdic lanps dso permit the user to
insert optica demants such as filters inthe prdld beam
where the illumnance is | ow enough to avoi d danage to
the e enart.

Fgre 25 shons a typcd pnhde scan of the foca
spot for an DGOOF lanp and an f/1les. Adn there are
lanp-to-lanp variations in the shape and sone

asymnetries attributabl e to the particd ar |anp.

A added variable when parabolic lanps and | enses
aeuwedisthe lanptolens dstance The focd spat shepe
ad illumnance are fuxctions of that distance. In nost
cases, the shorter the lanp-to-lens d stace, the higher the
illumnance a the focd spat. However, there are sone
instances in wiich a longer lanp-to-lens distance is
desirable. Because of the cathode dbstruction on the axis
o the lanp, there are mo ogpticd rays on o rear the gitic
axis. Gnsequently, wen ales is dose to the lanp ad
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Position in mm

+4 4342410 -1 -2 -3 -4

Lamp Hours 24 Hrs. 100 Hrs. 1000 Hrs.
50% Pt. 10% Pt. 50% Pt. 10% Pt. 50% Pt. 10% Pt.
mm mm mm mm mm mm
Position 0 231 5.89 234 589 318 8.05
+1 235 6.20 259  6.50 375 879
+2 272 6.96 318 7.29 463  9.91
+3 290 7.44 2.90 8.08 576 10.89
+4 348 8.13 438 864 6.65 11.65
1 234 599 262 648 351 841
2 262 6.32 315 6.96 397  9.04
-3 297 6.68 371 7.67 460 979
4 343 7.19 437 820 515 10.37

Figure 22. BX300-10F spat damter as afuxtion of z-axis
position and | anp age.

20

15—
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o

Aperture sizes:
—+—3mm —A—4mm —F— 6mm —+— 7.5mm

Figure 23. Spat illumnance as a fuxction of |anp age ad
gatuesize fa an BEO-13F lanp & 500 veits.

focuses the autput, there are mo rays into the focd spat
dogtheogpic axis. Ths sonetines leadstoa hdeinthe
beam phenonenon, particuarly if the focal spat being
wed is an inage o the frot wndow of the lamp. If the
focd spat isaninage of thelap arc, thereismo hdein
the beam A eqivadet exdanationis that the focused
rays of the lanp are not snoathly distributed in angu ar
drections. The focusing lens can be positioned farther

10,000
LX1000CF
@1000W, 2 hrs
68 x 50mm lens ~ ¥7§
)
L LX500F 3 :
@500W, 2 hrs o
68 x 50mm lens
3
LX300F
@300W, 2 hrs 2
38 x 34.5mm lens I
1000
o »
S \_~
= . I
ol (X125
< @150W, 2 hrs —
5 X 38 x 34.5mm lens
=
3 J
= ° LX300F
= @300W, 24 hrs
2 /1.0 lens
()
IS
3 100 7
/
Il
10 I(
[ ]
1 AN YT I S M SO R M A N
0 1 2 3 4 5 6

Aperture Size (mm)

Figure 24. Lunen auput versus goerture size for parabdic
Grnax lanps wth typicd |emses. Lenses are aspheric
conokerser | enses.

anay fromthe lanp (typicdly 5 o nare inches) so that the
rays fromthe lanp have enough propagation distance to
dlowvthe rays franthe sice o the reflectar to fill inthe
center of the focusing lens and snoath out the distribution
o ligt inddat onthe lems.

Hogue 26 provides a vay of estinating the focused
output of a l-inch parabolic Grnax lanp (LXLEH 175
X0 fo apaticdar laptoles dstare ad for specific
lenses. Gernax |anps vere raytraced wth various | enses
and the predictions were checked by conparison to
neasured data. To use the figre

1 And the tatd lanp output (lunens or vatts) fromthe
table, o estinate the output if the lanp input pover is
not the noninal pover for that |anp.
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Relative Output

FW HM = .108”

Figure 25.

T T
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I
-.050 0

T T T
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Distance from Center (inches)

Typcd pride scand thefacd st o an
&0 lanp wih an f/1 lems.

Hck the I ens-aperture coni nation fromH gure 26 and
reed of the efficency.

3 Mitipy the auput by the efficiecy to arive a the
estinated il lunnance for that aperture.

The figure shows that |enses wth focd |engths | onger than
20 3inches ae soindficet that they ae rady used in
practical systens for focusing Grnax | anps.

3.4 Luminous Intensity

Lunnous intensity is defined as the | umnous flux per unit
sdid age were the uit is the lunen per steradan, o
candel a Theoretically, lumnous inesity gpies oly to
point sowces. For Grnax lanps, this neans that the
neasurenent nust be nade in the far field of the radiation
pattern, usually a neter or nore avay fromthe |anp.
Luninous intensity is the nost inportant neasurenent
for lanps used as searchlights. The cand epowner of
searchligts (neeswred in canddas) is often used as a
neasure of the poner of such devi ces.

1.92" A
Total Total (Best focus)
Lamp Lumens Watts
LX125F 1500 17 - '
LX175F 2200 25 T
LX300F 5000 50 I
Aperture —
Lens Diameter
100
90
80 e e E—
T T —
= -
% 60 y\/‘\/ | — ///
o .
= 150 omm \ \. ‘
5 = B oot
S 50
:8 A;A.’!B
=
40
30—
20
10
5] / 4//
’ T
S .05 10 15 20 25 30 .35 40 45 50 55 .60 65 70 75 .80 85 .90
e
Aperture Diameter (inches)
Figure 26. Ggohfor estinating the focused output of 1-inch parabdic Grnax lanps. Seetext. (Adnemsionis ininches.)
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Measuring the cand epower, ad in paticdar the
peak beam candl epover and unfocused beam shape, of a
parabolic Grnax lanp gives valuable infornation as to
howwvel | the lanp wil perform Not only does it tell how
noch wsefu ligt is emtted but dso hovvel the arcis
positioned relative to the reflectar and how well the
refleda is figred

The peak beam cand epower (FBOQ and the beam
shape are neasured by shining the lanp over a long
d stance and scaming a photodetector across the center of
the beam Hgure 27 shovs typicad beam shapes for 300-
and 1000-vatt parabolic Grnax | anps.

3.5 Scaling Laws

Mt of the infornation in section 3.0 vas g ven for |anps
operated at nominal poner and in terns of photonetric
quartities. There are sone general rues alowng
traslation of that data to ather poser ranges and ather
spectrd reg ams.

3.5.1 Output versus input current

Wen |anp pover is increased or decreased, it has been
found that nost optical neasurenents scale wth the lanp
current rather than wth lanp power. The scaling
rdaioshipisasfdlos Qicd aupu is proportiod to
I,{a‘r‘m. This redaioship hdds wether the optica output
paraneter is total lunens, illumnance, |uninous
inesity, o oher spectra quatities of the sae type The
oly restriction is tha the curent can be changed oy

over the recomrmended | anp current range. Any spectrum
change wth curent in the operating range is a nost
i nmeasur abl e.

3.5.2 Radiometric versus photometric quantities
Neerly dl o the data preseted in section 3 codd have
been taken in rad onetric instead of photonetric units.
Luninance woul d have been radi ance, illuninance woul d
have been irradance, ad so on The vatt is the uit
coresponding to the lunen in the radiongtric system
Qovi ously, photonetric units are nost appropriate wen
the ligt will dtinstdy be used in a visud gicaion
wereas radionatric units are nore appropriate for uses
such as naterials processing and ana ytica
i nstrunentation.

Because the spectrumof Gernax lanps is relatively
unchanged wth lanp type and wattage and because it is
uniformover the output beam there is an approxi nate
conversion factor fromphotonetric to radionetric units.
Qe hundred | unens correspond roughly to 1 vatt wth an
accuracy of —20% To illustrate, assune a particuar
Qrnax lanp gives 3000 lunens inside of a particuar-
sized aperture. If the lanp were neaswred wth a totd
optica power neter instead of a photonetric integrating
sphere, the resut wou d be 30 vatts in an guerture of the
sane size, assumng the lanp hed no spectrd filtering
The result for O/ Grnax lanps is very smla tothat far
F lanps, since the increased U/ radionetric output is
anost entirely conpensated for by the reduced

LX1000CF LX300F
100 — 100 —
90 — 90 —
80 — 80 —
70 — 70 —|
2
5 60— 60 —
O
(0]
= 50— 50 —|
®
K7
o 40— 40 —
30 — 30 —
20 — 20 —|
10 — 10 —
0 T T T T T T T 1 0 1T T T T T T T T T 1
4 3 2101 2 3 4 5 -4 3 2 10 1 2 3 4 5
Degrees Degrees

Figure 27. Typicd farfied beamshapes of LX300F and LXLOOOGF Cer nax | anps.
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reflectivity of the a uminum mirror coating on the
reflectar .

3.5.3 Spectral quantities

Qcasional |y, spectra pover densities are needed i nstead
of photonetric quantities. These pover densities can be
estinated fromthe availade photonatric data and the
spectra dstribuioncur vein Hgre 10, The procedure i s:

1 lg Xeqa the photonetric quatity that needs to be
coverted to a spectrd quatity (eg, WV lunes ina
6-nmadi aneter spot. See Fgure 24).

2 lg Yeqd the tatd luen ouput for that lanp as
gven by the product specification sheet (e g, 5000
[unens total froman LXA300F | anp).

3 lg Sequa the spectra pover density as derived from
thevad engh of interest inFgue 10(eg, 006 vetts
per nanoneter at 530 nmfor an LX300F | anp).

4 The spectrad quantity that corresponds to the orignd
photonetric quantity is then XS'Y (eg, 0¥ 005/
5000 = 0.036 vatts per nanongter in a 6-nmd aneter
spat a 530 m).

3.6 Other Optical Characteristics

3.6.1 Output variation with time

There are a nunier of phenonena that can cause slight
tenporal variations of the light output fromboth Garnax
and quartz xenon arc lanps. Various technica papers
have been witten on characterizi ng t hese phenonena and
devel opi g schenes to stabilize the output of both quartz
xenon and Gernax lanps. 2 2 2 To distingish the
phenonena, the resulting tenporal light variations have
been given d stinct nanes.

Tre firg is ACrigde which is caused, as one night
expect, by nains frequency ripple lesking through the
pover supply onto the lanp curent o vdtage. If the AC
ripde is on the vdtage it is less mticedde then on the
curent because arc lanps have a very fla V-1 ar ve (see
stian 4. 1. If the ACripde leads to excessive ripde on
the ligt aipdt, it is necessary to incresse the pover
supply filtering. In sone pover supdy circuts, the AC
ripode can be reduced by activey feedng beck an error
signal and nodulating the power supply current to
sutract ou theripde

A related effect is caused by nagnetic fieds. A
nagnetic field can nove and nodulate the lanp arc.
Sonetines this is caused by a transforner or even by
placing the lanp coding fan notor too close to the |anp
ac

The second naj or tenporal effect is flide intheligt
beam This is caused by very snmall, sonetines
nhcroscopi ¢, novenants of the arc on the cathode tip. It

can sonetines take the form of a periodic |ight
nodu ation around 40 H, o it can take the fomof a
sudden rise ar drgp of a fewpercentage pants inthe ligt
output, occurring anywhere fromonce ever y few ninutes
to once an hour. Inflide, the tad ligt atpt o the
lanp nodul ates up and down so that contining and
integating the ligt fromvarious parts o the lanp does
not resdve the pradem In Grnax lanps, flicker is less
than 6%pesk-to-pesk and is typicaly onthe order of 34%
Thereis an effet rdaedtoflicker, cdled flasiimg Inthis
phenonenon, the light output flashes to a higher levd for
a short period of tine and then goes beck to the orig rd
levdl. Hashing is rare and is caused by nicroscopi c
danage to the cathode tip in the [ anp.

Tre third &fett is shimmer. If the ligt franan
elipticd Grnax lanp is aloned to expand and shine on
a suface 1 o 2 neters avay, thare wll be a lage
illunnated areaviere the light shinmers, sinilar tolight
going through ar rising froma hat suface. Thisis caused
by variab e refraction of |ight throughout the convectivey
flowng xenon gas in the lanp. Shinmer does not appear
ingyicatios were the ligt frondfferent parts o the
lanpismxedinether afiberopic ligtgude or an opticd
inegator, but usualy appears in visud systens were no
integrators are present. There is no known way of
dimratingthis effect inthelanp. Pesk-to-pesk variations
o theligt cmaverylargeillumnated surface froma | anp
exhi biti ng shi nmer can be 10-20%

M effect rdaed to shimer is the imstablity in
output of a Grnax lanp wen the lanp is run wth the
w ndow poi nting upward. Running a Gernax lanp in this
position is not reconmended, except at very | ow povers,
because the hat xenon gas fraomthe arc rises directly to the
wndow and can overheat the wndow However, even
wen the lanp output paints wthin 45 degrees of vertica,
the output wll becone unstable because convection
irsice the lanp wil dstubthe ac.

Gten, a nunber of the effects nentioned above
coire inparticdar opticd systens. For instance, wen
shining a parabdic Grnax |anp on a photodetector in
the fa fidd o the lamp, flicker ad shimer wsudly
conbine to gve a 520ovaidioninthe detected ligt a
the center of the beam

It is dfficdt to dfire a good iversd test far the
tenpora veriaions dscussed here. Mst praectical optical
systens nix the ligt to sone degree; often, they cotan
Oetectars that have a variable freguency response. The
hunan eye is semsitive to variaios o nare than 10%
when they occur bel ow 30 H.

3.6.2 Turn-on characteristics
Grnax and quartz xenon arc lanps inmediately turn on
to approxinately 85-90%caof full power and then increase
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to100%over the next 15 mnutes. Hgure 28 shovs a typ ca
war mup cur ve. During the warnup, the lanp spectrum
the focd spat size ad aher oxticd cheracteristics do nat
change nati ceadl y.

4.0 Electrical Characteristics

The dectrica cheracteristics of quartz xenon arc |ans
and Gernax |anps are conpl ex. 2 Qaracteristics such as
the vdtage-curent (V-I) arve triggeradlity, dynanic
resistance, ad so on, are afected by a large nuner of
lanp variables that result from nunerous interactions
between plasna and naterials inside the lanp. In
ation dedricd cheradteisticsvary slightly fromlanp
to lanp and wth lanp age. These characteristics are
nonlinear and nany exhibit nmenory dfeds.

Fortunately, the best xenon |anp pover supplies ad
dedtricd inefaes ae rdust ad ae tdeat o digt
lanp-to-lanp variations, so nost of the conplex
ineractios ae nat inportat to practicd drcuts. In
addition, Grnax and quartz xenon | anps are not grossly
teperature-sesitive, so their dectricd characteristics
do not change radically during lanp varmup as they do
wth nercury and netal halide | anps.

Mst of thelanp s dectricd varidilityis atribuade
to effects a the lanp cathode either the activaion o the
cahode tip o the naner of arc attachnent. Al other
dectricd lanp variades aode condition, fill pressure,
and arc gap are so well cotrdled that they do not cause
problens of variation fromlanp to lanp.

4.1
V-1

100%

T Ignition

90%—
80%—|
70% )
0% 1 minute

50%—

Relative Output

40%

30%-|

20%—
10%—

Time —»

Figure 28. Qiput of EX300-10Flap as a fuction o tine
dter igition Wdhd traceimcaestydcd atpt staility.

Curves

The prinary dectricd characteristic of a Grnax or short-
aclapisthe V-l arve. Fgue 29 shows the average Vi
cur ve for the DA0OF lanp. This cur ve i s derived framthe
actual average lanp voltage and current as neasured after
lanp igition and wile lanp curent is slody veried
Superi nposed on the V-1 ar ve are three asynptates that
explain howthe cur ve results fromlanp parangters. 2 8
i

fsynptote 1 arises fromthe votage drop a the
cahode. It represents the vdtage necessar y to pover the
cathode and raise the cathode tip to the necessary
tenperature for thernmonic emssion. Wth a thoriaed
tugsten cahodg, it is very dfficdt tobuld alap wth
less then a 10-vdt drop, even wth avanshingy snall arc
o, because of the need for pover to raise the cathode to
its operating tenperature.

Asynptote 2, which determines the negative-
resistance portion o the cur vg is amesue d therdaive
ease Wth which thermonic emssion takes place a the
cathode. This cur ve is afected by fill presswe ad by the
ativaion & the cahode tip. Ahigh fill pressure cawses
asynptates 1 ad 2 to intersect a lowr curents. A
cathode thet is newad vell activated will aso case the
inersectionto occr a alowcuret. As alanp ages ad
the cathode tip becones worn, the mininumin the W
cur ve tends to nove to higher curents.

Asynptote 3 is prinarily deternmined by the ratio of
the dectric fidd to the ges fill pessue The doe o
asyntae 3isafuctiond thelapscddfill presswe A
higher fill pressure cases a stegper slge

/s we have nentioned, the upper end of the operating
range of a Gernax lanp is determned by the naxi num

m Voltage ranf;e
= 20 at nomina
o 4\ current
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(3@ lonization field-pressure slope
(@ Average V-l curve: LX300F

Figure 29. Average V-l ar ve fa the DAOF lap. See text.
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pover loading or the naxinum safe operating
tenperature to achieve rated life. The lower operating
curent limt is determined by the nini num current
needed to keep the lanp cathode activated and free of arc
flicker . The mininum current in nost lanps tends to
correspond roughly to the mninumin the V- arwve A
curents |loner than the cur ve s nininum the cathode no
longer operates at the proper tenperature, the cathode hot
s isnaredffusg theacislessstaded the cahode tip,
and, because of the negative resistance, the lanp s
operation can be ustade Inaddtion, the lanp wil emt
BM at these |owcurrents.

Hoguwe 30 shows actud indviduld V-1 arwves fa a
nunber of BX300-10F lanps after 2 hours of operation
FHogue 31 shons the equivalent curves for BXO00-10F
| anps.

/s laps age totheir rated lives and the minina of the
V-l arves tend to nove to higher curents, the lanp
va tage dstribution tends to spread out to higher vd tages,
because the cathode tip burns back and becones slightly
less active, casing alonger effective arc ggp in sone | aps.

The slopes of the linear operating regans of various
lanp types vary wth fill pressure. Lanps wth a 250-P3
fill pressre (LXLH 175, 30 have an average slope of
0.08—-0.02vdts per anp. Lanps a 280 to 305 P9 (L&D,
L X1000, E600) have an average slope of 0.12-0@ \wdts
per anp. Lanps at 325 to 350 P9 (EXLA/ 175 30, 90
have an average slgee of 0.2 — 0.8 vdts per anp.

4.2 Lamp Ignition

Lanp igntion is the process by wich the initid, cdd
non-conducting gas in the lanp is changed by the
gpicaion o dectric fidds ad curet souces to a
conducting stable plasna a the lanp s running current.
As wth ather anp characteristics, cdcuaingaythingin
the ignition process from plasna parangters is not

15.00
14.50

14.00
13.50 [~
13.00 -
12.50 -
12.00 -

Lamp Voltage (volts)

11.50 [~
11.00 -

10.50 I I I I I I I I I

5 7 9 1" 13 %5 17 19 21 23

Lamp Current (amps)

Figure 30. Indvidd V-l ar ves far the EA00-10F | anp
dter 2hoors. Bidliresimdcae mrmal rage o vdtages.
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practica. Mst such cdcuations do not alow advance
pred ction of usefu infornation

The ignition process covers nany orders of
nagnitude in vdtage ad curent, fronvdts to tens o
kilovolts and from nmicroanps to tens of anps. Fa
conveni ence, the process is separated i nto three sequertia
stages: trigger, boost, and DT In section 4.4, on pover
supies, atypcd cirait for these stages is shom

The igition process crestes a geat ded o dectricd
noise, sonetines at very high frequencies. This mise is
cassed by the high vdtages and high curents in the
process. In cases were sasitive dectranics ae farly
close to arc discharge lanps, the system shoud be
Oesiged so thet ether (1) the sesitive dectraiics are
extrengl y wel | shiel ded fromradi ated and conducted EM
a the lanp and a the lanp pover supply, a (9 the
sersitive dectroncs are tuned on oy after the lanp has
been ignited

4.2.1 Trigger

Lanp ignition requires the appication of a highvdtage
BCor trigger pusetoone of thelanp el ectrodes. The high
vdtage initiates a trigger stresnar between the d ectrodes
and causes the streaner i npedance to decrease enough for
the next stage inthe process, the boost phese, to take over
and supply even nore energy to the di scharge.

It ispossibetoigite Grnax | anps wth high-vd tage
DG either froma separate DC supply o froma voltage
mitipier. Sch BCigitionis rady used becasse of the
economcs o cdircut design It is wsdly essier ad less
expasive to design a plsed circut to supdy a short
trigger pdse Aso there is a risk wth DCigitiatr in
Grnax lanps it is possibe toigite the gas between the
ande and the reflectar instead of the gas between the
anode and the cathode. Such an arc-over ignition node,
wichis utinatey destructive to the lanp, is nast doften

23 -
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2 21-
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> 20
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S 19
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g_ 18
§ 600W
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Figure 31. Indvidw V-l ar ves for the EO0O-10F | anp

dter 2hoors. Bidliresimdcae nrnal rage o vdtages.
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seen in dder laps wth either BCigition systens o
systens in wich the igition puse rises slony.

The vdtage required to trigger the lanp varies wth
thetine over wichthe vdtageis apied The shorter the
tine over which the vdtage is appied, the higher the
voltage required for breakdomn. Oh a DOC basis, an
DA00F Gernax lanp nay trigger at 7 to 10kV. However,
it ny reqire a 13-kV pesk pudse wth a 250-ns pu se
wdth to break down the gas in the sane | anp.

Each Grnax product specification sheet includes a
val ue for the reconmended nmini numignition voltage at
the lanp. Ths vduwe isinthe rage o 17 to B kKV. Ts
reconmended vol t age represents the mni numval ue t hat
acircut designer shoud use in desiging a lanp pover
supply to ensure that the lanps ignite and run throughout
their ful lifetines. It is assuad thet the desiger is wsing
atrigger pdseinthe 20nsto 1- srage The vast mjarity
of Crmax lanps produced wll actually trigger at
voltages nuch lower than this recomnmended val ue.
However, conservative designs for igiters go even
father. Addtiod factars can degrade triggerability so
that even a higher trigger vatage design pant nay be
requi red:
¥ Mst trigger circuts vary fromunit to unit becausse of

spark gap and transforner variations.

¥ With fast trigger pdses, the lines betveen the igiter
and the lanp can degrade the trigger pulse by
cgecitivdy shorting out part of the trigger pu se

¥ Qrmax lanps require slightly higher than nornal
trigger vdtages far 1 minute after being tured off. If
edra triggr Wtage is desiged into the draut, it
dloms the lanp to trigger rdiady even in this ha-
restrike situetion

¥ (e of the possible end-of-1ife phenonena in Garnax
lanps is falue to trigger. This can be cased by ges
contamnants that evolve frominterior lanp parts
duing operation. If a lanp hes exceeded its rated
lifetine ad still provides accexade ligt aupu, yet
requres a higer trigger vdtage addtiod free life
can be datai ned by naking sure that the trigger vdtage
is high enough to run these | anps.

The only drawback of designing an extrengly high
trigger vdtege is the possihility o acower to aher
conporerts in the systemif the lanp fals to trigoger.
Thirty- to 45KV pesk trigger vdtage is a good design
rage for nast laps if theimsdaionis suficent.

Houre 32 shows a typica lanp trigger puse. Vien
the trigger circut is comected to a lanp, the rising edge
o thefirst pdsebresks @ thelap trigger vdtage ad the
rest of the ring ng vaveformis clanped to zero.

The anount of energy in the trigger pdse is nat

cucid. Infact, lowerergy i s recomended for safety. Fa
exanple, 0.02 J in the prinary discharge crcut is
sufficient for [owpovwer Grnax |anps, and only a snal |
fraction o this enerqy is actud |y deposited in the lanp.
Likewse, the exact condition of the dectrodes naking
the transition from nonconducting to the point of
breskdomn of the lanp is uninportant. It is veryraetha
alap does nat trigger if the trigger wvdtege is wthin
specificati as.

Hther the anode or the cathode of a Grnax | anp can
ke triggered as log as

¥ The trigger pdarity natches the dectrode patertia
(i.e, positive pdses if awnde triggered ad negetive
puses if cahodke trigoered).

¥ Treimsuaiona thetriggered dectrode i s sufficiern.

For sone applications, anode triggering is favored
because it alovs optical conponents cl oser access to the
lanp wndow (cathode end) wthout the risk of high
val tage arc-over .

Xeron lanps can exhibit triggeradlity dfferences
that arerdaed tothe tine betveen igntions. Lanps that
have been stored for weeks o nonths nay be slightly
herder to start the first tine This condition nay occur
because residual charge carriers inside the lanp, which
nornal |y aid ignition, reconine during |ong periods of
inctivity. It nay aso be caused by ver y snall anounts of
oxidation on the cathode tip o by contamnation of the
xenon wth an el ectronegati ve gas such as hydrogen.

O a very shot tine scde lanp triggeradlity is
suject to an effect terned hdd-off. Just after a xemn
lanpis tuned off thereis atine period, usudly neasured
in nilliseconds, duing wich the lanp wll still retan
sone ionization ad therefore wll be ver y essy toragite

NEEER

Voltage (5kV/div)
-

Time (50 ns/div) —»

Figure 32. Typcd Grnax lanp trigoer puse
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The lanp wil not be capdde of hddng off a hdh
wtage Ths efet is mt vy inportant in xenon arc
lanps, because reigiiting o hodng off ahighvdtage
on such a short tine scaeis not nornal .

In summary, the variaes that can afect lap
triggerdality are

¥ Pesk vdtage

¥ Riserisetine or pdsewdh
¥ QGyecitive loading of the lanp | eads
¥ Ht o cddrestrike
¥ Tinesince last igition
¥ Age of lanp

¥ Inpuritiesinthe ges

4.2.2 Boost
The boost phase of ignition wdens the narrow di scharge
streaner generated in the trigger phese. By depositing
nore energy in the streaner, the boost drives the
i npedance of the arc low enough for the DC phase of
igntionto teke over. The amis to drive the lap to the
positive portion of the V-1 ar we

Houre 33 shows a schenatic diagram of the lanp
igition circut, indudng the boost ad the trigger. The
boost and DC phases of ignition interact nuch nore
strongy wth each ather than wth the trigger phase. Mst
problens inlanp ignition are problens in the boost and
DCcircuts.

e

30-45 kV peak
trigger

125-140 VDC
boost

20-40 VDC
DC

|
|
| pulse
| circuit
|
|

Figure 33. Tydcd lapigitiondrait.

In practica, econonmcal power supply designs, the
boost isrady asgaraedroit. It isuwsEly dsigedino
the BC section The trigger drcut in practicd circits
nay be separate, but even the trigger crcut is wudly
povered by vol tage fromthe DC secti on.

The boost is usuadly designed wth one of two
goroaches. In the first agporoech, vdtage is stored on a
cgecitor thet is comected to the lanp wth a resistar in
series. The lanp then forns an RCcircuit and when the
trigger puse bresks over the arc gap, the RCcircut
d scharges through the lanp. This type of circuit is shomn
inFgre 3. Theresut isacuret pdsethrough the lanp
that reaches a peak current higher than the | anp rumning
curent. The circuit values are chosen to reach the
optinum peak current and duration. These val ues are
usual |y deternined by trial and error wth a nuner of
sanple lanps. The goa is a discharge that snoothly
nakes the transition to the lanp ruming current on the
decreasi g curent side of the boost pu se

In the second goproech, thereis still a vdtage source
and wsually a charged capacitor to suppdy nost of the
curent, but instead of an RCcircut, active devices such
as FETs or tramsistars are used to |imt and shepe the boost
dschargeintothe lanp. Inthis approach, there nay not be
an apparent boost pulse, because the current nay rise
snoothly fromzero up to the final [anp rumning current.

Bther of these approaches produces reliable |anp
igitionif the design is corect, so a wde rage o lap
variation can be accormodat ed.

A nunber of factors affect the boost d scharger pesk
vdtage, pesk current, stored energy, riseting fdl timg
transition to the BCphase, and the i npedance of the | anp.
The nost inportant paraneters are peak voltage, peak
curent, and the transition to the BC phase.

The nini num recomended peak voltages for
rdidde boost ae 125 VDOC for |ower-powered Cernax
laps of 300 vats o less ad 140 \OC for the higher-
povered CGernax lanps (500 watts and above). It is
possibe to design reliad e boost circuits wth vd ues | over
than these, but these reresent the lonest vaues for
convertional circuts. Hgher boost vdtages are better as
long as the naxi nimboost current is obser ved

Peak boost current is inportant prinarily because
excessive pesk current can danage the lanp el ectrodes.
Because sone successful  boost circuits nake the
transition to the running current snoothly, there is
obviously no nininum acceptable boost current.
Neverthel ess, above a 400-anp peak in a boost current
puse of less than 1 ns, the cathode nay be danaged. Fa
boost current puses of longer than 1 ns, even 400 anps
nay be excessive. Hgure 34 shows sone typical boost
voltage and current waveforns from commercially

avai |l ad e pover suppli es.
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4.2.3 Transition to DC operation

The DC power supply nust satisfy four prinary
regui renents to successful ly take the | anp fromthe boost
phase into steady DCoperation. Frst, the BDCsupply nust
either be current-reguated or change from voltage
regdaion to curent regdation as it takes over fromthe
boost circut. Vdtage regdaioninnonal operationis nat
reconmended because the lanp V-l ar wistmfla.

Second, therisetine of the DCcircut nust natch the
tine constat of the boost circut. The DC circuit nost
take over the supply of lanp current in a sneoth nanner .
For instance, if the boost curent decays anay in 1 ns, the
CCcraut nost hve arisetine of a lesst 1 ms. If thereis
a pronounced dip in current between the boost and the
DG the lanp voltage nay go up and the lanp nay be
extingu shed.

Third, the DC circuit nust have sufficient open
creut vdtage FomFgue 34, it is agparet that even
wth sufficient curert, the lanp vdtage is higher thenthe
nornal operating votage for a short tine after lanp
trigger ad boost. For lowvettage lanps, 20 vdts are
often needed for a few mlliseconds after the boost. Fa
hi gher-vattage | anps (500 vatts and above), 3B to 40 vdts
are often needed. The exact requirenent is a function of
the energy and tine costats in the boost circut, the
particuar lanp type and lanp age, and the |oad
characteristics of the DCsupply.

The last requirenent is lowripde curent a nains
lire frequecies. This is nat redly a requrenet for
ridde lap igition bu for achieving rated lanp life
Rfty to120-H curet ripde shoud be linted to 10%or
less. Aoove 10%l owfrequency ripple, the lanp s lifetine
is usually reduced, because the | anp cat hode tenperature
camnot stay constant for good thermionic emission. Hve
percent ripple is a good design goa. Hwever, Hdr
frequency ripde can be grester than 10% A nornal
swtching pover supply frequencies (40 kkz and above),
the cathode is not disturbed as noch by the fast oscillaion
in poner and can, therefore, tderate higer ripde The
exact linits are uknomn, but a 15%ripde curent a 50
kiH does not seemto affect lanp life

4.3 Lamp Modulation, Pulsing, and Flashing

There are three nodes of tine-varying lanp curent in
Grnax and quartz xenon arc lanps. Nbdul ation neans
vaying the lanp current between the lower and upper
limts of the nornal DOC current rating RIsing means
naking the lanp s current higher than its nornal
operating current for a short period of tine, then
reunng the curet toalow o simer, led befae
the ne¢ pdse @ d flashing neans changing the lanp
curent fromzero to a high va ue and back to zero

4.3.1 Modulation
Applications that nay involve nodul ation of Cornax

| anps are
1 Saddlization o thelanp s output by feed ng beck error
sigdstoocarect atpt instailities.

2 Mlitary infrared counterneasures in which tine
varying lanp output is required to disturb optica
tracking systens in nissil es.

3 Qnpensating ligt levds for three-cd or sequentid
Vi deo syst ens.

4 Sgnd transnission.

Apication 1invdves nodd ating the ligt leved oy
davwysal levd ada lovfrequencies. Axdications 2
3 ad 4 usualy invdve a high depth of nedu ation and
kH frequency ranges.

The dectrica circuit required to achieve | anp current
nodulation is nornally built into nost |anp power
suppl i es. Because nost supplies are current-regul ated,
thereis ustdly acircut that senses lap curet ad feeds
back a vdtage proportiond to the curent, so the pover
supply autonatically stays reguated at the required
current. Adding nodu ation to such a supply requires
bresking into the current feedback loop so that a
nodul ati on signal can be added to the current regu ation
sigd. Sne type of oxicd o trasfoner isdaion is
desirabl e to prevent dangerous vo tages and currents from
occuringinthe sigd inpu circutry.

The frequency and depth of nodulation are
determined by tw phenonena: prenature |anp
darkening and acoustic resonances. Premature |anp
darkening i s caused by changing | anp current and cat hode
tenperature too quickly. W nentioned this effect in
Sticn 361 inthe dscussion of lanp ripde curent. A
low depths of nodul ation, 20% peak-to-peak variation,
ad a 60 H, the cathode tenperature stays sufficiently
constant that lanp darkening is mninal. The lanp s
lifetine nay be shorter than the nornal 1000 hours, but
wll bea lesst 300 hours. A highfrequencies, & wichthe
thernal tine constat of the cathode tip is nuch | onger
than the period of the nodulation, the peak-to-peak
variation or depth of nodul ation can be higher .

Acoustic resonances are frequencies of nodul ation at
whi ch acoustic waves inside the lanp disturb the lanp
ac 3 Satines the resonances distort the asc ad gve it
the appearance of a vibrating string Mre often, the
resonance sinply causses the arc to be ustade a that
frequency. The resonances are not found in narrow
frequency bands, but nay cover a range of nany k.
Resonances al so var y fromlanp type to | anp type and a so
between nomnal ly identical lanps. In general, the
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resonance frequency is proportional to the fill pressure
and inversdy proportional to the arc gap and the lanp
size. In Grnax lanps, these resonances occur above 5
kHz. The degree to which a resonance dsturbs the arc is
higny dependent on the depth of nodu ation a thet
frequency. For exanple, in a 1000-watt Cernax | anp,
there are no resonances below 6 kHz. A 66%depth of
nodd etion above 6 kH, it is very dffialt to fird a
frequency a which the lanp wll not be extingu shed
because of acoustic resonances. Hwever, a 33Podeth of
nodul ation, the sane lanp can reach 14 kH before
resonances cause it to be extinguished Lover-vattage
Crnax | anps have the resonances at hi gher freguenci es.
Square-wave or sine-wave nodul ation produces approx-
inately the sane results. For these reasons, nost Cornax
and quartz xenon arc lanps are rated for nodu ation
fromO to 5 kHz.

The lanp response to a step function change in
curent is conplex. 2 Viden a current change is forced on
the lanp, the cathode nust produce nore charge carriers
and these nust propagate across the arc gap. The speed of
this process is influenced by the vdtage across the arc. A
higher vdtage is needed to sustain a quick producti on of
charge carriers and to drive these charge carriers d og
the arc. Trerefare therae d curet riseinthelapis a
function of the goplied vdtage. Wth the nornal vd tages
avalade in nast supdies, 20to 5V, ad wth a sies
i nductance of about 50 nicrohenries (trigger transforner
inductance), the curent rise tine is wuwdly 20 s.
Without the trigger transforner inductance, the rise tine
decreases to 100 s, Incressing the availad e lanp vd tage
to 37 V causes the rise tine to decresse futher, toD s
With a high enough vdtage, inthe hudreds of vdts, the
curent rise tine can be a few ncroseconds. The lanp s
ligt oupu fdlows the curent pdse wth oly a few
mcroseconds delay inal these cases.

Because of the charge carrier production (descri bed
above), the V-l arve for a nodulated lanp is
coplicated A low frequencies, the lanp traces the
sane curve as its curet rises ad fdls. A hadh
frequencies, the lanp traces aloogp onthe V-1 ar e

Every Grnax lanp can be nodulated over its
reconmended operating current range. Because of the
cathode tenperature problens we have nentioned,
running bel ow mininumcurrent and at nore than 20%
depth of nodulation is not reconmended for |ong-term
operation because these practices shorten the life o the
| anp. However, it is possibe to nodu ate Grnax | anps
wth nodified poner supplies down to very lowcurents
and up to 90%nodul ation dept h.

4.3.2 Pulsing
Applications that invdve pulsing of Gernax lanps are

1 Photographic exposure, either wth the direct beamor
through a fiberogtic lightqu de

2 Mterids processing that invdves locd hesting of a
pat.

Inboth apdicaions, the god is to acheve the highest
possibe short-termligt levds ad dso to achieve an
acceptae lanp lifetine Mst of the availabl e test data
on pulsing concern the LX300F |anp. However, dhg
lanps are equal |y capabl e of pul sing and the LX300F dat a
can be used to estinate their perfornance, 331 2

The sane considerations we have discussed in
comection wth sinmer levels, peak currents, rise tines,
and V-1 cheracteristics gy inthe case o pdsing The
lanp shoul d be sinmered between pul ses at a current in
the normal operating range. The naxi num average
pover of a lanp, including the pu se pover, shoud nat
exceed the lanp s naxi numaverage power rating, even
though the peak power nay reach 2000 watts during the
pdse The pdse rise tine and optica rise tine wll
depend on the open-circuit vdtage available. The | anp V-
| arve stays uchanged, except that the V-l arweis
extended to higher curents (see Fgue 35).

The peak current during the pul se shoul d not exceed
400 anps, even for pu ses on a nl | isecond tine scale. The
naxi nom peak current for puses in the 1- to 100-n%
range is 300 anps. A a duration of 1 second, the
naxi numpesk |anp pover is 600 vatts. It is possible to
attain pesk currents higher than these levels. Hwvever, to
do so requires the use of a larger lanp body and
dectrodes, the design of specid lap dectrodes far the
perticdar pdse o a lesst edesive testing uder these
extrene | cads to deternmine the effect on lanp lifetine

A 100-ng puse wdth, a 100-anp puse alows the
lanp to achieve a respectad e 30,000-pu se lifetine to ha f
ligt atput. Inths 100-anp, 100-ns exanple, the pul se
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Figure 35. Typica Qrnax lanp V-1 and i npedance cur ves
for pdsing (LA00R).
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eergyis20Jadthe plseis repested ever y1.5 secodks.
The interpdse sinmer is set so that the average lanp
pover is 30 vatts. Inthis exaple the pdse stays & 100
anps during the entire pu se.

The light output froma Grnax lanp pul se fal ons
the curent puse wth only a few nicroseconds del ay.
Because of the cathode emission process, nentioned in
Stin4 31 if acurent-regiaed pdseis used the lap
vdtage wil intidly osershoat to start the cherge carrier
fornation in the gas. The light output spectrumduring
the pdse will shift toa hge cdo tenperatue as the
puse curet incresses. This is caused by the higher
poner density inthe arc during the puse ad aso by the
i ncreased pl asna enissivity during the pu se. Because of
the spectrd ad emssivity shifts, and becase o the large
peek-to-sinmer current ratio, the nornal scading rue for
ligt ouput wth current nost be nodified A peak
curents up to 50 anps, the scaing rue becones | 16, A
higher currents, saturation appears to be reached and the
output becones nare linear wth curent; that is, the
exponent of 1.6 decreases again. Because of the high pesk
curents and the resuting incresse in cd o tenperature,
the ratio o W to visibe ligt inoresses as the pdse
current increases.

Ater the current pu se has ended, the radiation from
the xenon gas decays anay wth a 100 to 400- s tine
constant. The U/ terminates faster than the visible
wich intun termrates faster then the infrared This
afterg ow, wiich we have nentioned, is caused by del ayed
emssi on fromnetastabl e states in the ges.

Dring these high peak current pulses, the arc
expands. As aresut, the nininomattainab e focal spat is
larger, sonetines three tines larger than when the | anp
isrinda norna curet levds.

4.3.3 Circuits for pulsing

Rising nornal |y requires addng a separate circut to a

nornal |anp power supply. FHgure 33 shows how such a

creut isnonally comected to the rest of the supdy.
Rising circuts can be cdassified in a nuber o

dfferent vays:

1 Snple RCcircuit. Inits sinplest fom the pusing
creut canhcosist of acharged cgoecitar ad ether an
indictor o a resistar linting the curet pdse A
swtching neans, such as an SR is required to
intiaethe pdse The curet pusefromsuchacircut
is hgly nmirer ad dfficdt to cotrd, ad is
therefore rard y used.

2 SRcircuit wth coomitati on. The next-highest |evel
of conplexity is reached by adding an SR to the
sinple RCcircut totunthe pdse off a thereqired
tine. The coomutation S(Rcircuit usual ly produces

a curet pdse that sags tonard its end, becausse the
voltage on the storage capecitor decreases. Howvever,
wth a very large storage cgecitar, the sag can be
smal |

3 FEr or Darlington transistor circuit. Mre nodern
creuts use an FEI o a higrcuret trasistar to
swtch the puse on ad off. Acharged capecitor (40 V
mnall00 f cgecitar) is still requred The curent
during the puse can be actively regdated or not. This
isthe nest conmon type of circuit used in conmercial
pdsing circits, becaseit dfesrdiade cotrdlade
pu sing wth an econonical circut.

4 Qonplete high-current power supply. The puse
current can be obtained from a hi ghaverage pover
curent-cotro led power supply that operates a a
snall duty cycle to suppy the puse current. Though
unecononical, this approach does achieve a high
degree of regdaion during the pu se

BEngi neering Note 229 shows the schenatics for sone
of these circuts, as vel as circuts fo coman |anp

pover suppl i es.

4.3.4 Cold flashing

@ld flashing is not reconmended for nornal Gernax
lanps ul ess shortened lifetine is not a concern. Incdd
flashing, the lanp acts as a pused short-arc lanp. Peak
curets o 1000 aps for 2'to 15 s ae achieved The
spectrum shifts heavily to the blue and U/ The pesk
inesitiesaevey hgh bu the aerage efficdency o the
lanpis very lowbecause the circuts used to achi eve these
high pesk currents are inefficient. Secia Grnax | anps
wth cathodes that do nat rely on thernmonic emission
have been devel oped for this application 3

4.4 Lamp Power Supplies and Igniters
Sttios 4.1 ad 4.2 provide the necessar y infornation for
a poner supply designer to design a rdiade Grnax o
xenon arc |anp power supply. Mbst such power supplies
are not nade by nodifying existing |owvoltage pover
supplies. Mst arc lanp supplies are customdesi gned.
Bngi neering Note 229 includes representative schenatics
for conmercial Crnax power supplies and a checklist of
specification itens to be addressed wen such supplies
are desi gned

Bfoe the advet o lagescde ineyaed circlts,
pover-regu ated arc | anp pover supplies vere difficut to
design and lanp-povwer supplies tended to be current-
reguated. Grrent-regu ated supplies work very vel ad
nost xenon arc | anp supplies today are current regul at ed.
However, poser regdationis sligtly preferable. \ilen a
Grnax lanp ages, it tends toward higher voltage
operation because the cathode tip wears and the arc gap
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lengthens. Therefore, if the power supply is current
regd aed theeisadigt cacethd lae inlifethe lap
Wil ruina apoe thet ishge thenitsaignd seting o
higher than its naxi numpover rating. Power regulation
avoids this probem Under no circunstances should a
vdtage-regdated sypdy be wed uless a lage bdlast
resistar isindukdinthe lap draut.

FHogue 36 shows a typica xenon arc lanp power
supply, indudng the ignter and the boost. The particu a
circuit shom here vould be terned a foverd, o buck,
converter. Athough this circut is oe o the sinplest ad
nost reliabe arc lanp pover supdies, it is shom here
oy as an exaple Qher references treat the detaled
design of swtcher pover supplies. & 3

InHgure 36, the ACnains vdtage is inpit a EL ad
B ad rectified by BRl, ad the vdtage is staed on CL
The nain swtching elenent is @. Wen F i s conducti ng,
curent flows through L1, producing an output voltage
across the lanp wth the correct pdarity. Dode DB,
sonetines referred to as the flywhed dode is reverse
biased becasse of the vdtage pdarity. Ven @ stops
conducting, the nagnetic fied in L1 changes pdarity,
favard-biasing DI and supplying current through the
lanp dring the df period Al theather circut denerts
ae devated either toigiting the lanp or toregdaing
on ad df tinetokeepthelanpruminga the correct
curent. Resistoos R8 and RO sense a votage

proportional to current; QpAnp UL anplifies and filters
the vdtage then drives the optoisdaa Qtotrasfer the
sigd tothe aher rail o the porer supdy. On the |over
ral, IC 2 cotrds the pdses to @ to keep the lanp
runing a the correct currert.

The lanp trigoer circutryisinthe bax totherigt o
the schematic. Bforethe lanp ligts, therectified ACline
vdtage (160 VMOD appears a the lanp terminadls. This
votage, appearing across RI6, @8 and S, causes the
sidec (S) to @ into osdllaion, diving TL wth high
freguency pul ses. Transforner TL steps the 180 vdts yp to
7500 valts, wiichis used to charge @9. WWen C9 charges
to the breskover paint of the spark gap S3, the charge on
@9 is discharged though T2 ad the vdtage is futher
stepped Wp to the 20 to 40 kV needed for lanp ignition
Wen the lanp triggers, @6, R4, and RI5 supply the
boost, since @6 has been charged to 160 vdts. Vden the
boost drives the lanp inpedance down to the nornal
runing vatage of 12 to 15 wdts, the igition dreaut
atonaticaly shus off, becase the sidec 3§ wll nat
oscillate bd ov115Wdts

4.5 Electromagnetic Interference (EMI)

EM generated by the | anp and power supply is inportant

for tvo re ated ressos:

1 The noise often interferes wth nearby equi pnent,
particdaly video circuts.
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Figure 36. Typical conplete Grnax | anp pover supply (PSL75SWJ). Seted.
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Various safety and governnental agencies limnt the
conducted and radi ated emissi ons fromequi pnent that
contains the lanp and pover supply.

The noise that results from the power supply
swtching frequency is usually |ow enough in frequency
(20 to 500 kH) that the conducted enissi on can be hand ed
wth nornal line filters, ad the radiated emssion
vavel ength is 1 ong enough that the equi pnent chassi s does
not need special BM shie ding.

However, the lanp can gererate ver y hi gh-frequency
BM if it is operated & lowcurents. Bren wth a ver y ve |-
regu ated supply and wth RF bypass capacitors, the |anp
pl asna can generate noise inthe 1to 500 Mg rage if it is
operated below its noise threshdd current. The noise
threshod current is a current levdd below which the
pl asna generates noi se and above which the lanp is qui et.
Each lanp has a noise threshd d current that is about 80%
of the naximum lanp current. This noise threshdd is
eesi |y detectad e wth an oscill oscope vd tage prooe fairly
close tothe lanp. The noise threshd d varies by an anp o
two fromlanp to lanp of the sane nodel nunber. The
threshd d increases sligtly as the lanp ages. This plasna
noi se does not harmthe lanp, but presents prodlens for
the systemdesigner and can be avoided by operating the
| anp above the threshd d.

5.0 Lamp Operation and Hazards

5.1 Lamp Cooling

In systens with arc lanps, the nost conmon design fault
isfaluetoadequatdy cod the lanp. Wth Cernax | anps,
this coding task is nade easi er because of uni que G nax
festures:

1 The | anp cannot be overcool ed wth nornal fan cooling
systens, as sone netal halide |anps can.

2 nly one naxi numtenperature requirenent nust be
net .

3 Thelapis desiged tofit into heatsinks wth standard
nachinng td erances and the coding air flowis easily
achieved wth standard fans.

4 Becase of the seded reflectar, ar flovis it reqired
in tigtly costraned speces, as it is in soe
reflectorized netd halide | anps.

@oling by forced ar is the nest comon and
convenient cooling nethod for Gernax |anps. Sandard
heatsinks and lanp hd ders are conmercialy availad e
However, ather coding nethods are possib e

Fo goeration a lovvattages, typcdly less than 100
vatts, free cowection coding nay be sufficient if the

neasured lanp tenperatures are below the specified
naxi num

Grnax | anps can be conduction cool ed. Thi s net hod
is occasiod |y used in sed ed cota ners were the heet is
edtracted drectly tothe vdls o the cotaner.

Water codingis dso used N standard vater coding
systens are yet availade but tests indcate tha the
lifetines of standard | anps are i ncreased by vater coding.
Aso, water codingis the essiest vay to extend a Garnax
lanp to higher power. Special water-cooled Cornax
systens have achi eved 4000 watts in continuous operation
and repested pul sing to 8000 vatts faor 10 seconds.

Heat si nk conpound i s requi red between the | anp and
the heatsink in conmercially availabl e forced convection
lanp holders. onsult the heatsink conpound
instructions included wth each lanp to ensure adequate
application of the conpound. Hectricaly insulating
conpound is reconmended, because of the possibility of
arc-over during ignition wen an eectricaly conductive
conpound i s used.

@Grnax lanps should never be operated wth the
wndow facing upvard or wthin 45 of facing upward. In
gqeraion, theeis avery pronounced thernal convection
cdl imsicethe lap Inhoizotd operaion thiscdl heas
the upper surface of the ceramic. However, in vaticd
operation, this cdl heats the lanp wndow, causing both
excessi ve and nonuni formhesting. In addition, in vertica
operation, the convection cel is operating in oppositionto
the ion flowin the lap arc, casing ac imstadility ad
lanp flicker.

Forced-air coding is required oy wen the lanp is
operating. Forced ar is nt required after the lanp hes
been extingui shed, because the lanp s therma tine
constants do not alowinterna lanp tenperatures to rise
dte tundf.

Hogure 37 shows typica steady-state 300-vett |anp
body tenperatures achieved wth standard heatsinks and
lanp hd ders. The criticd temperature limt is 150;C Fa
achieving the rated lifeting, ad for adlowng a possible
iCriseinanhiet ar tenperature (to 45;Q, no part of
the lanp should exceed 150;jC during steady-state 20;C
ani ent ogperation. There is aso nargin in the 150; C spec
todlowfor adligt riseinlanp tenperature throughout
thelanp s lifetine and dso for lanp-to-lanp variations in
tenperature. FomH gure 37, it isdex the tlepat o the
lanp thet usudl |y reaches this temperature linnt first isthe
top of the ceramc body. This top center ceranic
tenperat ure shoul d be checked whenever a new systemis
intidly tested to esue tha there is enough ar flow
through the lanp hol der and the system This tenperature
can be checked wth a thernocoupl e. (Be carefu to avaid
dangerous arc-overs during igition o operation) It can
al so be checked wth tenperature-sensitive paints o wth
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Figure 37. Typcd neasured tenperatures on 300-vatt
Cernax | anps.

tenperature-indicating stickers. Ater the ceranic
tenperature is verified to be uder 150;G ather parts of
the I 'anp body shou d be checked at | east once to verify that
no ather part of the lanp exceeds 150; C The | anp wi ndow
requires specia equipnent (an infrared pyroneter) to
check its temperawre It is aso good practice, during
quaificaion testing of a new system to check actud ar
flowaga nst the pubished fan cur ves to verify thet the fan
isgeading nasde pat o its ar-flover ve. Nornal
fan cooling systens cannot overcool Gernax |anps.
However, if vy higly drected ar flon such as
conpressed-ges jets, is used to cod the lanp testing
shou d be done to ensure that the ceranmic body and the
| anp wndow are not overstressed thernally.

5.2 Electrical and Mechanical Connections

Mbst el ectrical connections and nounting schenes for
Grnax lanps involve clanping a heatsink to the
cylindricd body of the lanp. In generd, dectrica
comections to the lanp ad to dl pats o the dectricd
systemshoul d be | owresi stance cotacts. FHve nlliohns
o less is a good cotect resistace god for these
connections. Such connections should have |ocking
nechani sns (| ockvashers, etc.).

It is possibe to cauwse lanp failue by appying
excessi ve clanping force to a Grnax lanp. The cl anpi ng
force shoud be gopied only util the clanp o heatsink
firnhy grabs the lanp s neta parts and no longer dlovs
nanual rotation of the clanp or heatsink.

The lanp tip-off shoud aways be protected from
nechani cal danage when the lanp is nounted in any

cool i ng system

5.3 Lamp Safety
Crnax lanps are the safest xenon arc lanps availabl e
They are also safer than nost nercury and netd halide

| anps. However, there are handing and qperating risks
invdved wth Grnax lanps, just as there are wth any
device in which hundreds of watts of pover are
concentrated in a snall vol une.

Bvery user shoudd read the operating hazards sheet
shipped wth the lanp, or consult the operating nanual if
the lanp is incorporated in a ligtsource. There nay be
varnings specific to the particdar lanp nodd or piece of
equipnent. This discussion is not intended as a
repl acenent for reading the operating hazards sheet.

5.3.1 Explosion hazard

Bven though Gernax | anps are under high pressure, their
exposion during operation is rare ad their explosion
wile no operatingis very rare. Msst originad equ pnent
nanufacturers (BM) that install hundreds or thousands
of Grnax lanps in their equi pnent never experience an
expl osi on. Thousands of Gernax | anps are used ever y cay
in hospita operating roons for endoscopi c procedures
wth no exp osive fa l ures.

Personnel who handle quartz xenon short-arc |anps,
such as those used in cinena proection, are required to
vear heaw-duty doves, flak jackets, ad face shidds.
These precautions are not reguired wth Grnax | anps.

Bren netal halide short-arc lanps that are bel ow
atnospheric pressure when cod are very high pressure
during operation. Though the internal pressures of
Crnax |anps are conparabl e to those of operating netal
helide | anps, the ceranic construction of a Grnax |anp
nakes the | anp body nuch stronger, adinthe evat o a
body fracture, the lanp does not shatter into nany snall
fragnents.

Each Garnax lanp is pressure-tested to tw to three
tines the cdd fill pressure during nanufacture.
Neverthel ess, the lanps nust be hand ed wth the sane
care and caution g ven any vesse cotaning these leve s of
pressure. Crnax lanps wth 1-inch-diangeter w ndovs
cotainabout 43 joles of stored patetia energy owng to
pressure, and 2-inch Grnax lanps contain about 219
jades. For purposes of conparison, a 1-inch Gernax | anp
cotans about the sane stored energy as an aerosad spray
can Face shidds o safety g asses are reconmended for
those wo hande the bare lamp, particdarly in a
nanufacturing environnent, where lanps are handl ed
conti nuousl y.

The nost severe abnornmal abuse Cernax |anps
experience occurs inthe case of coding falue Athernal
cutoff swtch is reconmended to prevent |anp over -
hesting Bren in the case of an addtiod falue o the
thernal cudf, thelapis ulikdy tofal inan e@dosive
nanner .

Lamp Operation and Hazards
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5.3.2 High-voltage hazard

The ignition and boost vdtages present a high-vdtage
hazard. The ignition vd tage nay reach a pesk of 45 kv, ht
theigition puse usud ly cotans oy a snall anout of
energy, so its aility to indue harmid curents in the
hunan body is linted Neverthel ess, the boost votage is
high enough, and the current capability large enough, to
creste a hazard conperad e to that of live nains vdtage
exposLre.

5.3.3 Ozone

Qore is a hazard only wth W-emtting Grnax |anps.
The wndow coating on Grnax lanps wth an F suffix
prevents the escape of ozone-producing W from the
lap. Qoeisanirritat insnall doses adtaxicinlage
anounts. The recomnmended threshold linmt value for
aae is 01 ppm However, the sl of azoe can be
tetected @ 001 to 0.02 pom Fatigue ad td erance can set
info varkers, sotheir semnse of small shoud nat be rdied
on as the prinary protection nethod. Masurenents on
U V-entting Grnax lanps indicate that operating them
ina 2000 ft 3space wth nornal air conditioning prevents
buildup above 0.1 ppm except fairly close to the lanp
(wthin 3 fedt). To operate W Crnax lanps in
equipnent, it is necessary to have sone type of ar
filtration o exhaust system

5.3.4 High light levels

There are no actud regu aions that govern exposure to
highintensity light from lanps and lanp systens.
However, a recommended set of lints is pudished by the
[1Tunnating Engineering Sciety ¥ 3 Unfortunately, the
reconmendations require detailed calculations and
reference toweighting tables. Ve wil nat attenpt to cover
those cal cul ations here. Those who use Garnax |anps in
products should calculate the reconmended |ints and
nake their hand ing procedures in accordance wth them
In this qude, ve wil oly atenpt to gve generd
Ui delines for exposure.

Thereis dsoan A8 standard for |aser safety.® Sone
lanp wsers cacudae the equvdent exposure lints for
i nconerent sources fromthe laser requirenents and use
those naxi numexposure |inmts.

The harnfiul effects of W and the permissible
exposure | evel s depend heavily on the wavel ength. Wen
using a W-emtting Gxrnax lanp, ether (1) cacuae the
eqosure limts far the vavd engths wsed o (2) treat the
entire beamon a vorst-case basi s and encl ose and i nterl ock
the entire beampath.

Bven though filtered Grnax lanps do not emt W,
thereisaposside duwe ligt hezard thet is noch | ess severe
than O/ hazards. It invdves possibe blue light
photochemical retinad inuy. The ligt leds that case

this hezard are usually oy achievad e wth highintensity
beans shining drectly into the eye, as in ophtha mic
i nstrunents.

The hazards of visible ad infrared rad aion are even
less thanthe e ligt hazard Qwviously, aradaion led
high enough to cause tissue heating is beyond the
acceptabl e exposure level. The best generd guiddine for
thsvavdeghrageistha if theligt levds achieved are
visud ly amoying to a | east sone vorkers, theligt shoud
be shielded and the shield interlocked. Under no
circunstances should workers be alowed closer than 2
feet to an unshieded foca spot froma Grnax |anp.
Likewse, vibenthelanpis copledtoalighgude the ed
o thelightguide shodd not be drectly viened fromcl oser
than 2 fegt uless the ligt is atenated Under no
circunstances should the collinated output from
parabdic Grnax lanps be vieved directly uless it is
heavily attenuat ed

5.3.5 Thermal hazards

There are two possible thernal hazards. Hrst, the lanp
itsdf can reach 100-200;CG so it shou d never be touched
util it hes coded Secod, the ligt fromthe lanp can
dnost irstatly heat djects inits pgh In certan cases,
the foca spat cannelt sted. Dgpendng on the reflectivity
of dgects in the beam the lanp can deposit a large
fraction of its tad radaed poer on djects in the beam
Bven after the light has been transmtted through a
ligtgude it has enough pover to cause severe burns.

5.3.6 Lamp disposal
N part of a@nax lanpisreclanade A theend d its
life, the gas pressure imside the lanp can be rdieved by
squeezing the tip-off tuodation util the gas escapes.
However, thsismt arecessity. If theinerd ges pressure
isnat reieved care shoud be taken that the lanp is nat
indreraed it goes to a laxdfill. There is a very snall
percentage of thoriumoxide in the Gernax |anp cat hode.
Thoriumis radioactive. Hwever, the anount of thorium
is so mnuie thet it is nat a hezard ad the lanp can be
legal ly disposed of wthout concern about radicectivity.
The radaion leds & 10 cmfromthe lanp are 0.001 d
permissible radiation levels and 0.006 of the nornal
background radiation in the US

A Grnax lanp nateriad safety data sheet is availade

on request. ©

6.0 Lamp Lifetime

The first cosiderationin dscussing lanp lifetine is how
todfireed o life There ae anuer of defintiams.
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Warranty lifetine is the mmninomlifetine the user is
likdy to see In the case of Grnax lanps, varraty
lifetine is generdly 500 hours, a nomnal pover, to 50%
o intidly spedfied ligt atpt.

Typcd lifetine is a specified nuer o hours a
which at least 50% of the lanps will achieve sone
mninimligt level a ful rated power. Gernax |anps
achiee typcd lifetines of 1000 hours or nore. The
nmni namlight |evel can be specified in a nuner of wvays.
The nost common definition is 75%0f initialy specified
total emtted lunens. Msst quartz xenon lanps are
defired in this namer because tota lunens is the oy
easi |y defined and neasured paraneter . Al CGrnax | anps
ahiee a lest Pd intidly specified tad lues a
1000 hours. However, this cfintion d ligt led is mt
satisfactary inthe case of reflectorized | anps, because the
ligt thet is usefu to the systemdecresses faster then the
tota lunens. Therefore, nost users would |ike a specified
nunber of | unens inside a specified aperture size a end of
life For thisressn thereismsinge edd-life criterion
that satisfies dl users. Anost dl Grnax lanps will
achieve nore than 50% of initialy specified |unens
delivered inside a 6-nmd aneter aperture at 1000 hours
for a lesst 50%d lanps. Infact, even a 2000 hours, nast
Grnax lanps wil achieve this ligt levd.

H gure 16 shovs howthe cathode hot spot decreases in
brightness wth lanp age. Fgure 22 shows how the hot
spat diffuses wth age, and Hgure 23 shoss a nare typ cd
representation of lanp aging. Depending on the aperture
size, the lanps in FHgure 23 cod d be defined as 1000- hour
or nore-than-2000-hour lanps. A so, because of the
asynptatic nature of the lifetine cur ves, a lanp nay stay
just above or just be owS50%far avery longtine The data
in Hgue 23 are nornal i zed for constant |anp vattage. |If
the lanp is run a constant curent, the lifetine
degradation curve wll decline less, becase the lanp
vdtage wil tend to incresse as the lanp ages. Thus, the
pover increases sligtly and the lunen levd stays nore
costant .

Wen lanps are operated at reduced pover, the
lifetine can increase dramaticaly. Fgue 3B shoms this
increase for standard EX125, EX175, and BX300- 10F

| anps. 4

6.1 Other Factors Affecting Cermax Lamp Lifetime
Mst of the degradation seen on lanp lifetine cur ves is
caused by gradual evaporation of el ectrode nateria onto
the reflector and wndow of the lanp. As we have
nenti oned, the arc gap tends to lengthen as the | anp ages,
gving sligtly higher gperation vdtage

The two nost conmon failure nodes & edd life

ae
1 Faluetonest specifiedlidgt leds.
2 Fdluetoigite

Failue to igite nay resut fromcotamnants that
evd ve as the lanp ages. Additiond factors contributing to
faluetoigite nay be sligtly higher goeraing vdtage
deactivation of the cathode tip, and contamnation of the
ceramc around the anode, leading to abnornal |anp
igition o acove totherelecta.

If alanp has been dloned to operate in an overheat ed
state for asignficat anout o tine the overheating can
case the arc gap to increase signficatly and cause even
nore overheating fromthe high-vo tage arc gap.

If thelanpis operated pest the two nornal end-of -life
failure nodes, a sone pant it nay stat to flicker,
sigding that the arc canat find a stad e goerating pant
onthe cathode. Sructurd falue d thelap bodyismat a
nornal o expected failue node, even if the lanp is
geraed ve |l pest ed o life

The anount of lowfrequency ACripde can afect
laplifeineif it is gesea thean 10% This was nenti oned
inssdtin423

Acther factor thet can affect lap lifetine is the
nuner of lanp starts. This is influenced by the design of
the starting circuit. Fortunately, CGernax lanps are
ullikely to be affected by any reasonadl e nunber of |anp
starts. Brenif thelapis started ad stopped ever y hour,
thelapwll still aceeraedlife

A inportant consideration in achieving naxi num
lanp lifetine is keeping the lanp body as cod as possibl e
In sone cases, |ifetine can be extended by decressing
lanp tenperature. Gonversely, incressing the
tenperature wll shorten lanp life. (otica conponents
placed in front of the lanp can increase | anp tenperature
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Figure 38. Lifetine cur ves for standard Grnax | anps run
a reduced curet. Exch cur veisthe asrae o three lamps,
echrun & costat curern.
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by reflecting ligt beck to the dectrades o the reflectar.
@nponents such as hat nirrors, filters, heat shieds, ad
so on Wl decrease lifetine and can cause |anp structura
danace if they are positioned to reflect ligt stra gt beck
into the lanp. Snetines atilt o 5 to 10; is enouwgh to
spoil the reflection and achi eve naxi numlanp |ifetine.

.

Today, the largest application for Grnax lanps is
fiberogticillumnation FHbergotic illumnetion of surgcd
nedi cal endoscopes is the najor subset of this gpdication
In the pest, for endoscgpic agudications less criticd then
surgery, such as prinary care dagnosi s, tungsten ha ogen
and neta halide |ightsources were consi dered sati sfactor y
because these lanps provide lover illumnation level s at
lover cost than Gernax |anps. However, this perceggtion
is changing wth the advert of lowcost integrated Gernax
lightsources that provide high ligt levds a lovcost. The
unique attributes of Qrnax-based endoscope | i ght sour ces
ae

H gh bri ght ness

Wite light

Sabe cido tenperature
log life

Sfety

Ease of |anp repl acenent
Fredigned reflector

Hil ogen and netal halide |ight source linntati ons have
been

¥ Sot laplife

K K K K K K K

¥ Unstable or lowcd or tenperature

¥ Low brightness, particdarly when coupled into snall
fi ber bundl es

The next largest fiberoptic appication for Grnax
lanps is industrid fiberoptic (borescope) illumination
These applications have historically used fewer Crnax
I'i ght sources than tungsten hal ogen | i ght sour ces because of
cost issues. This perception is adso changng wth the
advent of lower-cost Qernax systens and wth the
increasing use of industria systens for very caiticd
i nspections were high brightness and co or consi stency
are inportant. The sane comments on Cernax
lightsource advantages apply for both nedica and
indstrid apdications.

Mst nedca and industria fiberoptic illumnation

systens are very simlar in opticd design The FDA and
oher agacies reqire specid testing ad safeguards for
nedica  lightsources. @ily nedically approved
l'ightsources can be used for ned cal procedures.

Fgue 39 shows a typica Grnax fiberoptic
lightsource. Mst fiberoptic |ightsources run between 150
and 300 watts lanp power. The prinary linmtation on
pover in nost systens is the danage threshdd of the
lightguide. Bven though nany systens have 300-watt
lanps, very fewcommercia systens runat aful 300 vetts
because of possibl e |ightgui de danage.

FHgue 40 shows typica fiberoptic illumnation
systens for Gernax lanps. The prinary perfornance
dfference between parabdic ad eliptica lanp systens is
the slightly higher nunber of |unens per watt achievabl e
wtheliptica laps. Bth systens require a hat nmirror o
sone other neans o reecting the infrared ligt in the
@rnax beam In the case of parabdic systens, a short-
focus lens is wse ly the net demert. This lems is chosen
to natch the nunerica aperture of the fiber bunde Fa
the highest systemefficiency, the fastest-foosing les is
chosen that still natches the nunarica aperture of the
ligtgude Fgure 41 shows typical |ightguide nunerical
apertures and transmissions. By far the nost conmon
ligtgude naterid is dass. The dass nunericad aperture
natches either an f/1 dlipticd lap a an f/1 les ad a
parabolic lanp. Quartz fiber bundes are used where
ligtoudes need to be hest- or radaionresistat o need
to natch a higher f-nuner systemat the ather end of the
ligtguide Qertzlightgudes typicdly ach eve 50%00r |ess
of the output of conparable gass lightguides. \ken the
highest possible throughput is desired, liqud ligtoudes
ae wed They ae used in indwstrid systens, but ae
rardy used in ned ca systens because of their rigdty ad

Figure 39. Typcd Grnax fiberggtic ligtsarce
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Figure 40. Typcd Crnax fiberoptic illunretion systens.

the dfficdty o sterilizing them Varios fdastic fibers
are used in dsposad e il lunnetion systens.

The next eenent intypica illumnaion systens is
usual ly a shutter or brightness contra nechani sm
Because discharge lanps cannot be eectricaly
attenuated down to low level's, nast systens keep the
lanp at a set current and i ntroduce a nechanical shutter
toateneetheligt tolovleds a Mok it ertirdy.

The find eenent inthe fiber illumnation systemis
the fiber itsdf. Wth hgrinesity laps, it is
inportant to heatsink the fiber to avoid thernal
danage. Wud ly this is done wth a dosefitting netd
adapter thet cantransfer heat qucky framthe fibers. In
sone cases, the adgpter and even the fiberogtic tip are
nade of brass or copper toadin heat transfer. Thefibe
shoud be hedd in a nechanismthat allows for xy
traslaion of the fiber rdaivetothe lanp because the
di nensional tol erance accumil ation throughout the
oticd systemdoes not emsure thet the fiber wil be &
the center of the optical spat. The nest common fiber
bude sizeis 5to 6 nmdangter. Sich a fiber bude
wud ly requires adignent to -0.010 inch to achieve
peak out put .

The fdlowng additional infornationnay aidinthe
desi gn of Grnax fiberoptic systens:

1 In nost cases, single-elenent aspheric focusing

Numerical | Acceptance Transmission Transmission

Aperture Cone Range %
Glass .55-.66 67-82° 360-1.6um 35-50%
Liquid o 250-650 (UV) .
Lightguides 47 56 300-750 (Vis) 60-80%
Quartz 3 35° 260-2 um 30-50%

. 47 56° at least similar

Eska (plastic) : 400-800 nm to glass

Figure 41. Typcd ligtgude nnerica apertures ad
tramsnissi os.

lenses gve the best ligt ouput wth the least
conplexity. Aerrations are of secondary concern
because the focusing is otraxis and the fiber bund es
ae wudly rdaivdy lage (6 mm). Atireflectionr
coating the lens nay add 5%to the output.

2 Bbenwth heatsirking the fiber bud e, thereis arisk
of buningit, because the lanp s focal spot nay have
ahgrinesity pesk inthe ceter. Mving the fiber
budeinthe zdrection sligtly amy fromthe best
focus, Hus the hat spat yet still achieves nare then
95%o0f the naxi num out put .

3 Fber budes preserve the ages o the incidet
ligt. Watever incident ligt anges are not present
in the input beam wil be nade evident by dark
anda ring in the output beama those ang es.
Section 332 discussed the hoe in the beam
phenonenon and how to nmiminize it. Additional
nethods of snoothing the output invdve (1) tilting
the fiber bude rdaive to the lanp axis to futhe
snear the light ades ad (2 pinching the fiber
bund e to cause mixing of the reflected ang es inside
theindvidd fibkers.

4 Mst fiber budes ae nat fuly incoherent o nat
fuly randonized Because the focad spat a the input
to the fiber bunde wsudly hes a pesk in the ceter,
sone of the fibers cary nore ligt then ahers.
Unless a fiber bunde is specidly nanufactured to
have randonnzed fibers, the output end of the bund e
wll have darker and lighter sectioms.

7.2 Video Projection
The high arc brightness characteristic of Grnax | anps
hes led to their use in a nuber of video prgectars.
Bven though xenon arc lanps are inherently less
efficient than netal haide lanps, wen snall light
valves are being illumnated, Garnax |anps produce
nore |unens per vatt on the proection screen
Bxannation of the etendue of the lanpis the key to
under st andi ng why Gernax | anps produce nore screen
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lunens. There are a nunber of related quantities
etendue, optica invariant, throughput, and rad ance
that al describe the vay an opticd systemconser ves the
drectios o thelidgt rays trading thouhit. BEende is
the product of the cross-sectiod area of a beam(A;) ad
itspgeted sdidage (A)/d?). (SeHgre ) s lases
and other opticd eemets in the systemtransformthe
size o the beam the etendue either stays costat o, if
randomzing elemnents are inserted into the beam
becones larger. The etendue can never decrease.
Therefare, as a beamdecreases in size (A, decresses), the
dvegece o the ligt (AJ/d2) wll inresse so the the
etendue stays constat. Swall ligt vaves requre optica
systens wth snall etendues because the valves
thensdves are small in size Aso to preser ve cotrast
ratio ad to uwilize practicd lens systens, the light
dvergece nost dso stay snall as the ligt strikes the
ligt vdwve

The optical systemetendue i nposes a correspondi ng
requirenent on the lanp. The etendue of alanpis

E=8¥ L2 (sr ¥ ¥

were Lis the lanp arc length in mllinaters. € Cer max
lanps have etendues of between 5 and 15 Mid hdide
| anps have etendues of between 70 and 400. Bven quartz
xenon arc | anps have etendues of between 15 ad 100 In
a large nunber of cases wen the ligt vdve is smaller
than about 1 inch (diagona), the required systemetendue
isinthe 10-t0-30 range (depending on the prgectar lens f
nunber ad the details o illumnating the ligt vave).
Therefore, even though a Gernax lanp has | ower
efficacy than a netd hdlide lanp, it natches small-1ight-
val ve optica systens better and can thrownare light on
the screen

Sone other characteristics that nake Gernax | anps
vel| suited for video prgectas are

¥ (onpact si ze
¥ Eose of coding

Possible hot mirror
locations

I
|
Optlcal
Integrator
<+ d
Elliptical Recolllmatmg

Cermax
Lamp

Figure 42. Typcd Grnax video prgector ligtsource

¥ Sofe operation
¥ Sable and reproduci bl e cd or

¥ loglife
¥ BEase of |anp repl acenent

Bvery video prgectar hes a uique optica system
We can only describe sone of the nost conmon net hods
of interfacing Grnax lanps wth these systens. Hgure
42 shows a common interface between a CGernax |anp
and a video prgector s optica system Hlipticd Grnax
lanps are typicaly used becasse of their higher reflector
eficdecy. Hberoptic lightsources using Gernax |anps
radyruna ful poser, wereas invideo prgectors grest
efots ae nade to wse dl avaldde ligt ouput. Mdeo
projectors also tend to use higher-poner Garnax | anps,
typical ly 500 vatts and nore. WWen they were devel oped,
the higher-powered Grnax elliptica lanps were
optimzed for video proection. This optinzation
i nva ved conpromises anong fill pressure, arc gap, and
lifetine. Sne of the interactions between these factors
aeeas fdloe

¥ Sinmer becones sligtly worse as fill pressure is
i ncreased.

¥ Lanp efficacy decreases as the arc gap decreases, and
decreases rgpidy as the arc gap decreases bel ow about
.75 nm

¥ Hendue decreases and coupl i ng effi ci ency increases as
the arc gap decreases and the pressure i ncreases.

¥ The arc gap ad the fill pressure nost be ba anced so
that the lanp votage stays high ad the lanp current
stays | owenough to provide an acceptabl e lifetine

¥ In gererd, the lanp lifetine wil be loger for lanps
wth longer arc gaps.

Because of the prevalence of shinmer in the
prgected ligt fidd oticd ineyaas (see Hgre 42 ae
often used to eininate shinmer and aso to flatten the
inesity rdl-df a the edges o the soreen Integaas can
be otica ligtgudes, either sdid dass prisns wth
reflective sides or lightguides forned from mirrored
paes. Ineyaoas can dso take the fomd leticua
arrays, wsud |y placed in the expanded part of the beam

Ater the beampasses ether through the focal spot
o through the integator, it eqads to a Sze the is
usua ly larger than the lanp wndow, ad is odlinated
Ater cdlination, the beam passes through the cdor
separation filters o prisns and the other optica
e enents, and utinately through the ligt vave ad the
projection lens. The infrared nust be rej ected sonevwhere
inthe gaticd path If ahot mrrar is daced befaethefirst
focd pant, cae nust be taken to avaoid focusing the
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infrared back into the lanp. If a hat mirrar is paced
farther dowstreamin the gticd peth thereis arisk o
overhesting opticd e emants thet are in frot o the hat
mrror. There is enough concentrated power near the
focd pant in Grnax laps to crack o distot dgass
eenants that have aloss of oly a fewpercet. There is
enough unfocused light around the focal spot that
beffling of the gpticad path shou d be done carefuly.

To achieve the nininum anount of flicker, it is
inportant that the lanp be operated in the systemat the
sane orientation a wich it vas intidly burned in
Because convection inside the lanp tends to force the arc
uverd, the dectrodes in arc lanps take a s o a
mcroscopic levd as they initidly bunin If thelapis
thenrin a adffeet aietaion the ac wll ned tine
to téke a se¢ on a digtly dffeet pat o the
eectrodes. The tine intervd needed far ths s s
typgcdly 10 to 20 hous. Dwring this ting the arc wll
junp betveen different areas of the eectrodes and the
lanp wil flicker digtly.

7.3 UV Applications
W ligting agpdications can be dvided into two large
dvisions: those that need U/ exposure over large areas
and those that need the U/ concentrated in snal | aress.
U/ exposure over |large areas, such as W/ curing of inks,
traditionally uses low or nediumpressure nercury
dscharge lanps. These are simlar to large fluorescent
lanps optinmzed for W emssion. Grnax is not a
recommended source for these large-area applicati ons.
For concentrated W/ exposure, the nost common
source is a nercury or nercur y-xenon short-arc |anp.
Mer cur y short-arcs are nore efficient than quartz xenon
short-arc lanps or CGernax lanps for producing UV
However, for certain concentrated U/ applications,
Grnax | anps have sone advant ages:

¥ QGrnax | anps have a continuous spectrumin the W,
as opposed to the line spectra of nercur y | anps.

¥ Becawse of the high cdlection efficiency of Crnax
[ anps, even though they are less efficient a produci ng
UV, innany practica systens, Gxrnax |anps del i ver
nore U/ to the target.

¥ Grnax lanps al nost always deliver nore U/ than
nercury |anps through snal | U/ | ght gui des.

¥ @rnax |anps can produce W instantly froma cold
dat.

¥ The anount of W enmitted from Grnax lanps is
very reproduci bl e because it is not dependent on the
co d-spat tenperature of the | anp.

As a benchnark, a 300-vatt eliptica W/ Grnax
lanp can ddliver nore than 2 vetts of 300- to 400-nmli ght

through a 6nmliquid lightguide. Sone of the unique
W/ applications of Grnax are

¥ Invivo nedica U/ curing

¥ W/ curing in nanufacturing

¥ Dental W/ curing

¥ Dye penetrant fluorescence exanination

7.4 Other Applications

Qher applications for Grnax lanps and |ightsources
i ncl ude

¥ Mchine vision lighting systens

¥ Mecroscope illunination

¥ Spect roscopy
¥ Sft sddering

¥ Infrared counterneasure lanps for mlitary audi -
caios
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