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ABSTRACT

Tungsten cluster lamps are expected to yield high efficiency and excellent color rendering. However, a regenerative
halogen cycle is required to form and maintain the small clusters within the microwave-excited high-pressure
discharge. Metal halides play an important role in building the halogen cycle, but we still do not know how the metal
halides affect the radiation characteristics of the tungsten clusters. We investigated the spectral radiant exitance, the
luminous flux, and the color temperature of the tungsten cluster radiation in various metal halides, such as NaCl, KCI,
CsCl, NaBr, KBr, CsBr, Nal and KI. The radiation from the tungsten clusters yielded a continuous spectrum with a
maximum between 650 and 700 nm, although the spectra were dependent on the type of metal halide used. The
luminous fluxes in the metal alkali bromides were twice as large as those in the metal alkali chlorides and iodides.
Also, the luminous fluxes in the sodium halides were twice as large as those in the potassium halides, and four times as
large as those in the cesium halides. From those results, we confirm that NaBr is suitable as a metal halide in tungsten
cluster lamps.

KEYWORDS : cluster lamp, metal halide, tungsten, incandescent radiation, favorable color rendering property, high

luminous efficacy
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(a) Microwave oscillator, (b) Microwave resonator.
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Fig.1 Cluster light source system.
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Fig.2 Regenerative halogen cycle.
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Fig.3 Quartz vessel.
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Table1 Metal halide for cluster. W2, YOTATUVRTOBENY A5 —HRICHERERIZB
WE % NogAy | #ARE FREBICZE L o ez B A NS, —F, HAYER (&
BIEFRUDIL Cl NaCl ) INOF YY) BETEBZRNAER, R@QITRINDOY CBEY A
BEHI DA Cl KCl IVOREREDNRNTY XY —DBBRINDNEDEEZ
Bt oA cl CsCl 505, ZOHE, BAEFOETFNRET D40, REMRKE
RIEFLEUT A Br NaBr HBELBBIEBY FAI—FEHLBNEREEZ SN 5.
RIALH U T A Br KBr
3?‘}{23?3@ R BI’ ?;BI’ 2 HERAELTORKRE
SEHY YA I K&; Table2 Prototype of quartz vessel and confirmation of radiation

from cluster.

WO [mg] |CsCl [mg] | B 75 | RUBKE | 77237 —FK
o 1time or 2 times © 3 or 4 times ® 5 or 6 times ® 7 or 8 times @ 9 or 10 times 0.07 0.10 1.83 (@) -
200 . : ‘ . : . . : 0.62 0.98 2.03 O A
180 |- IR S IO IO U U U I 1.10 1.60 1.86 o} A
T : o 1 i ' 1o
160 |-\ o el _a_ 1 ____ [ N IS - S 2.00 3.30 2.12 @) ®)
R T 3.00 470 2.01 o} o}
—140 F---er-C--rg- -0 - - == - R e S-S P bt
B R I A 5.00 7.80 2.00 o o
§12° °3‘§§ “““ R S R M 7.00 11.0 2.01 o o)
8100 r---fr--g--rg--Bi--g-nfo oo o8- 9.00 13.0 1.85 o) )
£ 80 R atr T B B S 105 | 164 2.00 o o)
B 6o Lo--- pEs B L 02 8 3 8 & b 15.0 24.0 2.05 o e}
0 b rr%gg%géﬁ _____ 21.0 32.8 2.00 o) A
v | AR T LA S R 25.0 39.5 2.03 o) A
0 | i | If | 5 ; i 30.7 48.4 2.02 @] A
2 6 10 14 18 22 2 30 34 38 40.0 62.0 1.99 o A
Containment pressure [kPa) 50.3 80.1 2.04 o a
60.0 93.1 1.99 O A
B4 HAE-HERKBENMY 80.0 126 202 o A
Fig.4 Relationship between containment pressure and firing power. 100 159 2.04 o) A
120 188 2.01 O A
383 SVIURTFUVISRS— 150 235 2.01 O -
EUDHIZ, XMESEZIZLTY, 7 FAY—HHRMIZ WOz, 7 160 250 2.00 0] A
T A5 —HRRFEMIZ CsCl ZFANWTERL, 75 A5 —Fmlit 180 282 2.01 - -
ED IR —HREEMOBARBIIOWTHRHELAE. NOF U H
£ 7 VERDIZE > TEHEES 9. ELIERERO/LERT . . ‘ .
B, HLRERFROLERTH. T OO GOITLD o WO%90 CaCL130
W+nX(_WX,, ......................................... 1) 3 T ey

ZZT, WRIITATUVRF, X@NOFUREFEERT. ¥
AT eNT VI3ERER TIEEET Y, KBEETHEE
35, ROXV, WOz & CsCl oNOY P EHAEYA 7 )NIREQ)
IZ&koTEREINS. o .

W+0,+Cl,+2Cs _ WO, +2CsCl _ WO,Cl, +2Cs =+ =+ ===+ 2
EAORREBRTRY 7 AF U BEFELUTHEEL, AU0E
BEMS TIIEILBILY > VAT ELTHEETS. R@KD,
WOz & CsCl DBALRIIFETHRIET 1042 £ 2 & THRK
INOTFUBEVA I NVERATES EBRIND.

LROZETERL EREEICONT, SERERKEY 2 ~
T —RIOHBEBIRoK. R 2 KRHFIHALL W02 & o ST
CsCl DEHAREZDE, BXUIRIMEREZRT. RITRT O] 300 350 400 450 500 550 600 650 700 750 800
RREADSHBIN, BEINEINECE, TA] RREAIHRS Wavelength [nm]

N, HEIhiahokl &, £, T—) IEASHERINE 5 SVURTUUSRY —HEHAD S TREE
Mok EERT. INEDOERNS, WO DEABNDIZNE Fig.5 Relative spectral radiant exitance of tungsten cluster.
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DRI —RAEHBTE TEORAEF T, WO HAEMN
3.0, 50, 7.0, BKXL 9.0 mg DAVEBURFEBEZR 5 ITRT.
SRR FBHEIX, HE 560 nm I2BITBEE 1.0 ICEB{ELLAE
NI AHNRBETERTS. NSO REREER, »
T AY —REHDEGS IR FO0 T ORERNIC & BEENE
BENTNS. 7525 —RBAIZE— 2 HED 650~700 nm D
EBICHD. FLAEOERIIW, Cs EFORMBERETHS. &
DESBEBRMRNS, VS AT —TRBMIZ WO 2T 3RH
B, TOHABRZER2XV50mg &5, iah, FOEEZOW
FEFOEREINBEIRK 9.3 umol/em3 TH 3.

3.4 NATEHDBNC K D HEHIEEDLEE:

WO: DE ATV REE 9.3 umol/em3 —FIZL T, ¥ 52 %
—EREMMTHE2NOT A OBEEE X THERL RS
DHARAREREZE 6 NSE 8 ITRT. 22T, N\NOF
DOEENFIRD CsCl EREBBHAITBNTH, Thds5ONDF
CHBAEYA I IVIRQREFRIREND. &5 T, NOF Wy
OHABITWTNORKE LY O AT 0NO7 > OETEE
N1IX2ETD. VI —WHRAEBMEL T, E6(a)id NaCl,
B 6 (b) I3 KC1, B 6(c)iZ CsCl ZFNFNHALERAEDNH
HREFMETHS. FERIZ, B7() i3 NaBr, B7 () i3 KBr, E
T()id CsBr 22 NENHA L ERAEODIABFRBETH 3.
7=, 8 (a) 13 Nal, 8 ITKI Z2EZNTNHALLEZRAED
DABRRBETHS. b, WEHZAIZIT NeAr 2\, 0
#HAEIX21.3kPaTH 5.

INSDHHBEREER, WIThBIL VAT (W) 75

AY —RHDEGEAHITT VA &BEORHEREN I & B ERHE
BEINTY, B OE— 7 HEEIX 650~700 nm DHEERICH
5. T, WIOSAI—RRODHAKRARBEITIVHY &R
(Na, K, Cs) &> TH, Na%¥> (Cl, Br, D NREAILCTH
hid, ART MVSHOBRBEUTSHS. —F, TILHVSE
(Na, K, Cs) BRUTH->TH, NO¥ > (Cl Br, ) »&E
nid, AT MIVBHOBIRNERS.

NOF T Cl ZRAWEBEDARYT MVATIER, TIVEY &8

(Na, K, Cs) BRI >TH, 300~500nm BB HHE L
WTHDM, E— 7 HEHER 650~700 nm DHEIREE D HINH
TH5 (B6BHR). NOF iz NaCl 2RI 8BE, ¥—2o
B ROBHFRBEIL 560 nm IR L TR 2 EDTH 5. £/, 589
nm ORI Na FTFORER AL THY, 400 nm 55 550 nm B
FPE—VHEOTHERIE W B TORMERYTHS (H 6(a)
Z2H). NOF A KCl 2ZHWEEE, P—UREORHES
BUEIL 560 nm 2L TR 2 THB. £/, 404 nm, 766 nm
BLUYT770 nm ORI K BEFORERXTHS. 589 nm DOF
IR E L THOITNTBALE NaBEFORRERTH 2 (B
6(b) Z2HB). NOF U PiZ CsCl ZANEBEDOE— Vil EIL,
H¥EL/2D 560 nm IZH L TH 2.5 GO RRETHS. =
460 nm, 592 nm, 672 nm, 696 nm, 698 nm BXL L 800 nm D
BT Cs RTFORBRATHS (B 6 () BR).

NOF A2 Br ZRWEBEDARY MVAFIR, 7TV &8

(Na, K, Cs) &> TH, 300 nm M5 EP—VEE (650~

700 nm) I TIIBAREOHMMERDNTH S, Fi=, ¥—I K
ROBHBERL, WThoOHAED 560 nm IZHLTH 1.5 B TH
5. TIVA)SREFORBERAICXZERIT, ClZAWVWEES
LRERICHRI NS (RT2R).
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Fig.6 (a) Relative spectral radiant exitance using NaCl.
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Fig.6 (b) Relative spectral radiant exitance using KCI.
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Fig.6 (c) Relative spectral radiant exitance using CsCl.
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Fig.7 (a) Relative spectral radiant exitance using NaBr.
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Fig.7 (b) Relative spectral radiant exitance using KBr.
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Fig.7 (c) Relative spectral radiant exitance using CsBr.
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Fig.8 (b) Relative spectral radiant exitance using KI.

NAF T E2RAWEREOEENHIE, Cl & Brickk~T #
EI 300~400 nm OB FEHBENE . /=, 700 nm B EOFR
SRR EBENMET LW, Zh s ORKEE, KI2A0nEEe
OEESFIIBVWTHEETHS. P—VEEOBNRER, WT
NOHES 560 nm IR L TR 1.5 ETHB. 7TIVHUeBETF
DOREFENIZLBERIT, Cl 2HVWEBREEERICERINS
7, 589 nm @ Na R FORIERNIC L 2B E 766 nm, 770 nm
D K RFORMERINIZ & 21T, FORENE < THREBREDN
B (F82mB).

3.5 HROFHE

FROFEAEITONT, EHAROHEMNMEZFMLIz. BHEE
SHBTHOABFHEEOZHE - OB, SHEOKO, *
ETFHEEOHNMEEREORESRSEZ—EICLTRE LM
X5 JEG FEHUE % M LA TR L TR DOMNE 2
BHUA. NOZ i NaBr 2 A WERENAE DO/ 100 1218
BAELT, THIHTHRERAEDMEZR I ICRT.
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%3 XROEXIFHE
Table 3 Relative luminous flux.

Alkali | Halogen |Luminous flux
Na Cl 53.8
K Cl 25.8
Cs Cl 13.9
Na Br 100
K Br- 62.8
Cs Br 19.4
Na I 59.2
K 1 15.2

THWAVESBRREUCTHIUEL, NaF I Brz2A0W:=WrS5
AF—DEXFIFICIRIZFNWEW 75 AY —ITERTH 2 15
BWEIEiIND. £, TIVAHVEBIZ NaZHWEW 75X
& —DLHKIZ, NOF ORI RS, K 2HAWEEA
XU TR 2~3 %, Cs ZAVWAZBEITHL TR 4~5 &/ &3
flicha. £/, B10b)OYT 7 OEEERIC, V55 —FN
BEORDOIC, NOF > EBR (JDIIOVSSWNM, #IKESHKR
2f) 2Ly FLT, VIRY—FRABLRLCHEZBI B0
ZTORRE, NOF BROSHE Wyl »s, V5%
— BRI NaBr # W= W 7 S A5 —RHEEDS > THR
135 60 Im/W TH B LHEFIND.

3.6 tHEARIEE DM

BERAED o BEEZTNTNOSNMHRBHENSBEHL T
B9 ITRT. RIORTERIIBZAHMTHD, BiBf Lo Oy b
W EIBENAEMD S 500 K BT 2,500 K, 3,000K, 3,500K, -
DETHB. W S5AY—HROAEZBERNEREBICIARLT
WBD, 752 —EREEMoNay AroEEic ko, M
HEBENRRS.

NOF 2 ClERWE W 7525 — s OEGERER, 7
VAU SRBOBEEIZL 5T 3,000 KTHD, HAMAIZEN. —
#, NOF 2 Br 2R W 7 525 — e OB EIRE,
TIH ) &BOBEIZL 5T 3,500~4,000K TH U, HHIC
B LML, NOF I ERBWEW 2 55— ORHER
BEL, 7INAHYEBINNa THBEER3000K EEL, KT

® NaCl @ KCl O CsCl
A NaBr 4 KBr A CsBr
B Nal B8 KI —¢— Blackbody

X
9 xy2ER
Fig.9 xy chromaticity chart.
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HBHEER 4,500 K £FW. ZhdTROL Sz, Cl, Br O
BIEREBIZARY MBHEBRTINAH) &BOBEICK 5 TIFIE
=I5, 1 OFEFRT7NVAUVEBOBEICLDARY MLy
HNERDDTHS.

W 7525 —BFOHBEBRENT AU SBOEEICL>
TRRZDIZ, 7IVH)EEOHERICLIBEHROBENICES
D TIRRLS, WI IAY—HEHDARY MR HOBRDHT
MTRBEIBEBZ7HDTH0, D, 400~550 nm HiTBIT3
WEFORERNDEBIBRLDEDTHDHEEZRINS (K6,
B7, B8SHR). —H, 7IHUSBOBMERLIC XS EHDOR
BREZOBEICX->TRAESY, HFGREICIZZEASEES
RiFSnEERINSD. NOF 2 ORBEN Cl OBE, HEE
BERTIVAVEEN K, Cs, Na OIEICE <L, Br DA Cl
EIEHIZ Na, Cs, KDJEIZEWZ EMDbHERINS (IS
)., INSDBRNS, TIHVHVEEOENVIZL ZHBEERE
NDOEBIIREL BN EFEMEI NS,

4. F&¥

DI A —HBORMEINNIY TR —FEM, V525 —F
FRAEEIM, BEBHANBHAZING. XRXTIAY 525 —HRAH
MM THAINOT A DBRNICED YL TATF I TR —
B OEREZHASHCT B0, \NOF ORI ZEL D
RENEZER L THABAFEREZREL, UTOARNZI SN
7.

(D WISAI—BEOEGAFOE—IERIE, NOFy A
#IZBH 59 650~700 nm DEERIZH B, NOF 2 HCl
DHE, E— IV ERBOBRFBEOHMMAZBRTES. Tk
NOF M Br OFF, 300 nm 5 E— 7 HER TII B
BEOBEMMABONTH . I8, Nar o RIOHEA,Cl &
Br IZHARTHEER 300~400 nm ORHFEHENE L, 700
nm P L ORIHRBEF FREAMET Lz,

(2) WISAZ—RHEOLARIL, 7IAVEERELCTHN
i, NOF N Br OBEIECIRIICHERTH 2 i5F . £
72, 7IVAUEEDN Na OBER, NOF 2 oEEzEDD
72<, KITHARTH 2~3 5, Cs ITHARTH 4~5 &,
BB, VIR —HRMBIMIC NaBr ZHWERHAEDS >
TEBRIIF 60 Im/W TH 3 EHEFEI NS,

(3 W75 —HHEOHBEREIZ NaF R Cloia,
TIVAUEBOBRIZAS TR 3,000K THS. /=, /NO
F2m Br OFE, 7IAHUEBOBEEIZESTH 3,500~
4,000 K TH3. —H, \OF BRI 0EAE, HEGRER
THWVAVEBICE > TRAZD, Na EEMNH 3,000KTHD,
K&EENRK4,500K TH 5.

LEROBERENS, YO TATF U IAT—HBIZRANDE T T
& — AL, NaBr WERETH S LFMINDS.

2 £ X M

(1) B. Weber and R. Scholl: A new kind of light-generation
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