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The invention relates to a low-pressure mercury discharge lamp with a
very good colour rendering and with a colour point (x.,¥;) on or close to the Planckian
locus, provided with a gastight, radiation-transmitting envelope which contains mercury
and rare gas, and provided with a luminescent layer comprising
- a first luminescent material activated by bivalent europium and having an
emission band whose maximum lies between 470 nm and 500 nm and whose
half-value width is at most 90 nm,

- a second luminescent material activated by bivalent manganese and having at
least an emission band mainly in the red region of the visible spectrum.

The expression "a very good colour rendering” in the present description
and clainis is understood to mean that the average colour rendering index R(2,8)
(average of the colour rendering indices of eight test colours as defined by the
International Commission on Illumination: CIE Publication No. 13.2 (TC-3.2), 1974)
has a value of at least 90.

The colour of visible radiation is characterized by the colour coordinates
(x,y) which determine the colour point in the chromat;city diagram (see CIE Publication
No. 15 (E-1.3.1), 1971). A low-pressure mercury discharge lamp, also referred to as
lamp hereinafter, for general lighting purposes should emit light which can be
designated as "white". White radiation is found in the colour triangle for colour points
situated on the Planckian locus. This curve, also called blackbgdy line and referred to
hereinafter as curve P, contains the colour points of the radiation emitted by a perfectly
black body at different temperatures (the so-called colour temperature). A certain colour
temperature is assigned, not only to a given point on curve P, but also to radiation
having colour coordinates situated on a line intersecting the curve P in said point (see
the cited CIE Publication No. 15). If this radiation has a colour point close to the curve
P, this radiation is also regarded as white light having this given colour. temperature. In
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in a low-pressure mercury discharge yield a high luminous flux and maintain this high
10 luminous flux throughout lamp life.
Low-pressure mercury discharge lamps radiating white light and having a
very good colour rendering are known from European Patents EP-A-0114441 and EP-
A-0124175. It is necessary in these lamps for the luminescent layer to comprise in
addition a calcium halophosphate activated by antimony or By antimony and manganese
15 in order to obtain the desired lamp properties. It is found in practice that the
. requirements as to the colour of the light radiated by the lamp and the colour rendering
can only be realised in the known lamp in combination with a comparatively low
luminous efficacy of the low-pressure mercury discharge lamp. This is particularly the
case when there is a comparatively high wall-load in the lamp because in highly loaded
20  lamps the detrimental influence of the very short-wave ultraviolet radiation (185 nm)
generated in the mercury discharge plays a major part. A comparatively strong
degradation of the luminescent layer may also occur during life of the known lamp.

The invention has for its object inter alia to provide a low-pressure
25  mercury discharge lamp whose radiated light is white and whose colour rendering is
very good, while at the same time the luminous efficacy of the low-pressure mercury
discharge lamp is comparatively high and decreases to a comparatively small extent
during the operating life of the low-pressure mercury discharge lamp.

According to the invention, a low-pressure mercury discharge lamp as
described in the opening paragraph is for this purpose characterized in that the
luminescent layer in addition comprises
N a third luminescent material with a band emission whose maximum lies between

430 nm and 490 nm, -
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It has been found that a lamp according to the invention has favourable
properties as regards the colour point of the light radiated by the lamp, the luminous
efficacy and the degradation of the luminescent layer both at high and at low loads. The
colour rendering of a lamp according to the invention is also very good.

The calcium halophosphate activated by antimony and manganese which is
used in the known low-pressure mercury lamp exhibits an emission over the entire
visible range of the spectrum during lamp operation. It is especially this property which
renders this halophosphate suitable for use in the luminescent layer of a lamp having a
very good colour rendering. In a lamp according to the invention, however, a mixture is
used of three luminescent materials which each exhibit emission mainly in a
comparatively small portion of the visible spectrum. 1t is very surprising that also low-
pressure mercury discharge lamps whose luminescent layer has been subject to such a
drastic change of the emission spectrum, as compared with the luminescent layer of the
known lamp with a very good colour rendering, have a very good colour rendering as
well. '

It should be noted that the use of a mixture of three luminescent materials,
each emitting mainly in a comparatively small portion of the visible spectrum, in the
luminescent layer of a lamp is known per se, for exémple, from US Patent 4,176,294
and Netherlands Patent 164,697. The luminescent layers of the low-pressure mercury
discharge lamps described therein, however, often comprise only three luminescent
materials, so that the colour rendering of such low-pressure mercury discharge lamps
cannot be designated as very good.

As in the known low-pressure mercury discharge lamps, very favourable
results are obtained in the lamps according to the invention when the first luminescent
material comprises one or several substances from the group formed by strontium
aluminate activated by bivalent europium, barium aluminate activated by bivalent
europium, and strontium borophosphate activated by bivalent europium. The said
strontium aluminate activated by bivalent europium (further referred to as SAE) is a
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by bivalent europium (called SBP hereinafter) is a luminescent material known per se
defined by the formula
M(STg.ry5yB2,C2,E0)0. (1-n)(P,05).n(B,0y), in which 0 < x < 0,5,0 < y < 0,2,
0,001l = p <015, 1,75 < m < 2,30and 0,05 < n < 0,23. The luminescent
15 materials SBP are described in DE-A 2848726 and have an emission band with a
maximum at 470-485 nm and a half-value width of 80-90 nm. -
It was also found that lamps according to the invention with good

Opti cal Spectra Oct Tﬁi Apart fromrequirenents to be inposed

properties are obtained when the second luminescent material, as also in known lamps,
: comprises a pentaborate activated by trivalent cerium and by bivalent manganese, which
20  pentaborate has a red Mn?* emission. These pentaborates, to be referred to hereinafter
as CBM, are luminescent materials which are known per se (see NL-A 7905680 and
NL-A 8100346) defined by the formula
(Y,La,Gd)y.,Ce.(Mg,Zn,Cd)q.,,Mn B0y, in which up to 20 mole% of the B may be
replaced by Al and/or Ga, and in which 0,01 < x < 1,0 and 0,01 < p < 0,30. The
25  pentaborates comprising Gd and Mg are preferred here. These borates show a very
efficient emission resulting from Mn** upon excitation by the short-wave ultraviolet
radiation of a low-pressure mercury discharge in a comparatively narrow band with a
maximum at approximately 630 nm and a haif-value width of approximately 80 nm.
Low-pressure mercury discharge lamps according to the invention are
30  preferred which are characterized in that the third luminescent material comprises one
or several substances from the group formed by barium-magnesium aluminate activated
by bivalent europium and strontium chlorophosphate activated by bivalent europium.
The said barium-magnesium aluminates activated by bivalent europijm, called BAM for
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° 5 1<x=<2,5=<y=<8and0,0l <p < 0,50, are highly efficient and show band
emission with a maximum at approximately 450 nm and a half-value width of
approximately 50 nm. The said strontium chlorophosphate activated by bivalent
europium (called SCAP hereinafter) is a known luminescent material (for example, see
USP 4,038,204) with the crystal structure of the mineral apatite and with a composition

10 of the basic lattice which in general deviates a little from the stoichiometric formula
M,o(PO,)sX, (M is an alkaline earth, mainly Sr; X is a halogen, mainly chlorine). SCAP
has an efficient band emission (maximum at approximately 450 nm, half-value width
approximately 85 nm).

Suitable substances to be used in the fourth luminescent material are

15 cerium-magnesium aluminate activated by trivalent terbium and cerium-magnesium
pentaborate activated by trivalent cerium and trivalent terbium. The said cerium-
magnesium aluminate activated by trivalent terbium (called CAT hereinafter) is known
per se from NL-A 7214862 and has a hexagonal crystal structure related to that of
magnetoplumbite. The aluminates CAT are defined by the formula

20 (Ceq.p9La,Tb),05.xMg0.yALLO,, in which up to 25 mole% of the AL,O; may be
replaced by Ga,0; and/or Sc,0;, and in which 2 s x<410sys16,

0 =p =<0,50,0,01 <q =< 0,60 and p+q < 0,90. The said pentaborate activated by
trivalent cerium and trivalent terbium (called CBT hereinafter) is known from the cited
NL-A 7905680 and NL-A 8100346 and can be represented with the formula

25 (Y,La,Gd)q.,.,,Ce, Tb, (Mg, Zn,Cd)B;Oy,, in which up to 20 mole%® of the B may be
replaced by Al and/or Ga and in which 0,01 < x € 1-yand 0,01 <y < 0,75.
Pentaborates comprising Gd and Mg are preferred here. The luminescent materials CAT
and CBT yield a very efficient line emission mainly in the 520-565 nm range.

It is also possible to form the fourth luminescent material from the

30 pentaborate activated by trivalent cerium and by bivalent manganese mentioned above as
a possibility for the second luminescent material in that this pentaborate is also activated
by trivalent terbium, so that the second luminescent material forms at least part of the
fourth luminescent material. It is advantageous when the function of the fourth
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to such a ¢,75and 0,01 < p < 0,30. The pentaborates comprising Gd and Mg are again
preferred.

10 A suitable material for forming the fifth luminescent material is yttrium
oxide activated by trivalent europium. This luminescent oxide known per se (called
YOX hereinafter) is defined by the formula Y, ,Eu,0,, in which 0,01 < p < 0,20,
and shows a very efficient line emission mainly in the 590-630 nm range.

If it is desired that the light radiated by the low-pressure mercury lamp

15  has a comparatively low colour temperature, this can be achieved in that the
luminescent layer comprises a luminescent yttrium-aluminium garnet activated by
trivalent cerium. This aluminate (called YAG hereinafter) is defined by the formula Y,
Ce,ALOy, in which 0,01 < x < 0,15, Substitutions of other rare earths such as Gd,
La and Lu for Y are possible here, and also part of the Al may be replaced by, for

20  example, Ga and/or Sc. These luminescent garnets (for example, see Appl. Phys.
Letters, 11.53, 1967) absorb not only short-wave ultraviolet radiation but also visible
deep-blue radiation and emit in a wide band (half-value width approximately 110 nm)
with a maximum at approximately 560 nm.

25 The invention will be explained in more detail with reference to four
Tables. All results shown in Tables I, IT and III relate to a tubular low-pressure
mercury discharge lamp (tube length = 120 cm; tube diameter = 2,5 cm; gas filling =
krypton and argon) of the TLD type with a power rating of 36 W. Table I shows the
colour temperature Tc of the light radiated by the lamp, the colour rendering index Ra
and the luminous efficacy after one hundred hours of operation, %100 in Im/W, for five
different compositions of the luminescent layer of a lamp according to the invention.
The first up to and including the fifth luminescent material are indicated with Roman
numerals I to V in Tables I, II and ITI. The first luminescent material used is strontium

i
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bi val ent eur The voordinatdshefl the CoRsuk PBirit @f e Fefévant EBTM in a low-pressure mercury
discharge lamp of the TLD type with a power rating of 36 W are also indicated below
10  the percentage by weight of CBTM for each composition of the luminescent layer. This
colour point can be adjusted over a comparatively wide range by means of the quantities
of terbium and manganese present in the CBTM. It is apparent that low-pressure
mercury discharge lamps with a very good colour rendering (Ra = 90) according to the
invention can be manufactured over a very wide colour temperature range of the light
15°  radiated by the low-pressure mercury lamp and with a comparatively high luminous
efficacy.

| ayer of the known Iarrp

Table II shows, as does Table I, the colour temperature Tc¢ of the light
radiated by the discharge lamp, the colour rendering index Ra and the luminous effieahy
7100 in Im/W for five different compositions of the luminescent layer of a lamp
20 according to the invention. In the compositions shown in Table II, however, the first
luminescent material used was barium aluminate activated by bivalent europium (BAE).
It is evident that the luminous efficacy #100 and the colour rendering index in
dependence on the colour temperature Tc correspond strongly to those found for the
compositions of the luminescent layer shown in Table L.
25 Table III shows the colour rendering index Ra and the luminous efficacy
7100 of low-pressure mercury discharge lamps according to the invention for two values
of the colour temperature Tc for compositions of the luminescent layer which differ
from the compositions shown in Table I in that one of the luminescent materials is
replaced by an alternative luminescent material. In the first and the second row of Table
III, SAE as the first luminescent material is replaced by strontium borophosphate
activated by bivalent europium (SBP). In the third and the fourth row, CBTM is
replaced as the fourth luminescent material by cerium-magnesium aluminate activated by
trivalent terbium (CAT). This means that the pentaborate present in the layer as the

30
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activated by bival ent eg;opl um (called SBP hereinafter) is a |l'um nescent
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Table IV shows the colour temperature Tc, the luminous efficacy after
one hundred hours of operation 4100, the colour rendering index Ra and the
degradation of the luminescent layer during lamp life expressed as the quotient

10  (n2000/9100) of the luminous efficacy of the lamp after 2000 hours (n2000) and the
luminous efficacy of a lamp after 100 hours (7100) for low-pressure mercurcy discharge
lamps of two types. A number of these lamps was of the TLD type, a tubular low-
pressure mercurcy discharge lamp (tube length = 120 cm; tube diameter = 2,5 cm;
gas filling = krypton and argon) with a power rating of 36 W. The wall load of the

15  lamp is approximately 380 W/m? during lamp operation, i.e. the lamp has a
comparatively low wall load. In addition, lamps of the PL-L type were used, also low-
pressure mercurcy discharge lamps, having the same power rating and a gas filling
consisting of argon. Lamps of the PL-L type have a discharge vessel formed by two
parallel tubular parts which are interconnected by a bridge. The internal diameter of the

20 tubular parts is approximately 1,5 cm and the total length of the discharge column
during lamp operation is approximately 106 cm. The wall load is approximately 720
W/m? during operation. Lamps having a wall load of more than 500 W/m? are often
regarded as highly loaded, so that the lamp of the PL-L type used here is an example of
a highly loaded lamp. The first row in Table IV relates to a lamp according to the

25 invention and of the TLD type whose luminescent layer is so composed that the colour
temperature of the light radiated by the lamp is approximately 4000 K. The second row
of the Table also relates to a lamp of the TLD type according to the invention. The
composition of the luminescent layer of this lamp, however, is such that the colour
temperature of the light radiated by the lamp is approximately 5200 K. The third and

30 the fourth row of the Table also relate to lamps of the TLD type, but not according to

the invention since the luminescent layers of these lamps comprise calcium
halophosphates. The compositions of the luminescent layers of this third and fourth
lamp are so chosen that the colour temperatures of the light radiated by the lamps are

'mum PR .
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| um neScent rmaterial conprises one or several ubstancePs rom the group
formed by biaveationnshgmes imuchaimatien degradationvof the luminescent layer than the lamps

whose luminescent layers comprise calcium halophosphate. The luminous efficacies of

lamps of the PL-L type with a luminescent layer comprising calcium halophosphate are
very low. This combination of a very low luminous efficacy and a fast degradation of

highly loaded lamps with a very good colour rendering and comprising a luminescent
layer with calcium halophosphate. It can be derived from the data in Table IV,
however, that highly loaded lamps according to the invention have a high luminous

i
' 15 the luminescent layer render it very unattractive, if not impossible, to manufacture
i

efficacy and a comparatively small degradation.
20
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by bi valrgt eur opi um and strontium chl orophosphat e activated by bival ent
eur opi u The sai d barium magnesi um al um nates activated by bival ent
eur opi j cal | ed BAM f or

5 shortf her epHN #4203 are | uninescent materi@i's known per se and hafi#§.1993
hexagonal crystal structure related to the structure of a-alumna (see NL-A
7214862). Thegablefumi nates, which can be represented by the fornula
Ba[err]Eu[err].xMJO. yAl [err]derr], in which up to 25 nol e% of the

Al2d err] may be replaced by Ga[err]Jerr] and/or Sc[err] 3, and in which 1
<X <2, 5<y<8and0,01l <p[err] 0,50, are highly efficient and show
band em ssion with a maxi num at approxi mately 450 nm and a_hal f-val ue wi dth
of approximately 50 nm The said stronfium chnd‘rlé'phgiphaté’acti vat ed by

bi val ent p Te R@8) 1 SAE CBTM BAM YOX YAG
X) (Im/'W) % % % % %
by by by by by

weight weight weight weight weight

10 2700 90 646 1,9 41,1 9,8 30,2 17
(455,407)

\ 3000 90 63,2 1,0 50,1 8,6 24,3 16
(451/440)

5
3800 90,8 82,1 12,5 438 5,1 38,6 -
(386/475)

s000 92 . 87 193 334 91 382 -
20 | (373/488)

6500 92,7 79,1 9,8 340 174 338 -
(346/514)

A
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europi um (cal |l ed SCAP hereinafter) is a known l.um nescent -material (for

exanpl e, SgﬁﬂJﬁ?Zﬂf&O?’& 204) with the cryé al structure of .the m neral
aparite anl W th.a.composition of the basic lattice which-in gen®l£6.1993
devi ates a yptife fromthe stoichiometric fornula Merr](PO4)[err]X[err] (M

is an al kafirne earth, mainly Sr; X is a halogen, mainly chlorine). SCAP has
an efficient band em ssion (nmaxi num at approxi mately 450 nm hal f-val ue

wi dt h approximately 85 nm. Sui t abl e substances to be used in
the fourth | uminescent material arel ceri unllfdynel um aluni nate activated by

trivalent terbigm and igh M magnesy pen orate_activated by trival ent
cerium and trival ent tgg 18?:m’7 The s%ggj cer¢€ﬁu nBOMsi YOXI unYAg e

activaged by tri(Knl ent terbi yim(wplg ed CAT ¢herei ngfter)gis kn per se
from NL-A 7214862 and has a hexagonal crystal st%ctur e%r el at g%mto t hat of
nmagnet opl unbi te. The al uni nates CA®Y¥re ddi ned by t heby or nul

(Ce[err]La[err]Th[err])[err]derr] r]AI.% rr%v%Err}vin which up to 25
nol e% of the Al2Q err] may be repl al\égé%ﬁ{)y“(% @rr r eight/ oweight
Sc[err]derr] and in which 2 [err] x <4, 10 <y [err] 16, O [err] p [err]
0,50, 0,01 [err [er 0, 6Q d ptq [err] 0,90. The said pentaborate
activated by tr#@@ ent 5éeri urﬁGZﬂd thPval eﬁ%’,‘ierb?,&m (c3f,Bed CHY
hereigafter) is known fromthe cited NL-A@?P&? 0 and NL-A 8100346 and can
be represented with the fornul a
(Y,La,d)[err]Ce[err]Tb[err] (M, ZnCd)B[err]Jerr], in which up to 20 nol e%
of the B may be | ac b and/or Ga and in which 0,01 [err] x [err

Y Deshep Y 4y gndiog err] x [err]

|-y and 0,01 < 0, 7% 40,5 102 31,4
(443/418)
15 3800 90 8,1 7,3 48 18 461 -
(381/480)

' 5000 92,2 82,4 13,9 38,4 39 43,8 -

(358/503)
20

6500 93,2 80,7 16,8 33,2 94 40,6 -
(342/518)
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Pent abogat es conprising Gd and My are preferred here.
s CAT and CBT yield a very efficient
or.mthe fourth | um nescent

mat er i

520- 565§ nm rﬁ!?ﬁy-lmi s al so possible to f

mat er i fro

pent aborate activated by

The | um nescent

line:emssion mainly in the

12i val ent cerium and by Gli GGal99%

manganese rrer,i,thl?ri?‘ﬁ above as a possibility for the second | um nescent
material in ti# Is pentaborate is also activated by trivalent terbium

so that the second | um nescent materi al fornﬁ+
I s advant ageous when t
iR(agh)t i p 00y f 8BPi | | e@BTM t BAMecoy@x! um nescent
that case t
| ess,

| um nescent naterial .

6 |uminescent mat®Fi al

mat eri al because i
| um nescent conponent
5
5000
6500
10
Tc
1 X)
5000
6500
20
Te
(K)
25
5000
6500
30

92,9

93,9

R(a,8)

90,6
91,5

R(a,8)

92,0

93,0

whi

| egst pgpt of the fourth
e?@ncti%’% of the fourth

e/wjna" nescent%l ayer%corrpr %ses one

by
weight
81,1 17,4
79,6 14,8
I
7100 SAE
(Im/W) %
by
weight
80,1 10,9
77,5 12,1
I
7100 SAE
Am/W) %
by
weight
76,6 5,6
72,3 17,1

g

by by
weight weight
376 6,8
(373/487)
365 10,7
(358/502)

g i
CBM BAM
% %
by by
weight weight
3,0 128
1,8 19,8
n+1v 1
CBTM SCAP
% %
by by
weight weight
342 17,8
(362/499)
263 12,8
(354/506)

by
weight
38,2

38,0

CAT

by by
weight weight
18,2 55,1
16,4 49,9



es |anp manufacture. The pentaborates activated by trivalent cerium
e as by bival ent nmanganese and by trivalent terbium referred to as
reinafter, are known fromthe cited NL-A 7905680 and NL-A 8100346
be rpgNd4@®WBed with the fornula 13 01.06.1993
Ylerr]Ce[err]Th[err] (M, Zn,Cd)[err]Mi[err]Blerr]Jerr], in which up
ol e%mblet’e B nmay be replaced by Al and/or Ga, and in which 0,01 < x
<l-y, 0,01 <y <0,75 and 0,01 < p < 0,30. The pentaborates conprising &
and My are again preferred. A suitable material for formng
the fifth | um nescemp type eri al Tes Yt iylpom OR(ES) aGR0MAYE00 by trival ent
europium This |um nestent oxi de known f)er se (called YOX hereinafter) is
defined by the fornula Y[err] ECKY er (Am/Wh whi ch #%01 < p < 0,20, and shows
a very efficient line emssion mainly in the 590-630 nm range.

If it issdesired that the light radiated by the | ow pressure nercury |anp
has a conpar ati veTyD-8§Wcol our 40edpergat ure, 9thi s &n be achieved in that
the | um nescent | ayer conprises a |umnescent yttriunmalum nium garnet
activated by trivalent cerium This alum nate (called YAG hereinafter) is
defined by the fo err rr err err in which 0,01 < x <

0, 15. Subgtituti oxgﬂéw her]rgrggéea]rs[%n[s su!: as ](?(9 La and Lu for Y are
possi bl e here, and also part of the Al may be replaced by, for exanple, G
and/or Sc. These | um nescent garnets (for exanple, see Appl. Phys. Letters,
11.53, 1P67) absofbDdéWshiy sI‘?QQQ-waéﬁe ul t P3vi ol 0 radiation but al so

vi sible

TLD-36W* 5200 63 95 90

-

PL-L-36W 4000 69 91 90

15
PL-L-36W 5200 69 92 90
PL-L-36W* 4000 51 93 80
20 PL-L-36W* 5200 53 95 80

*: not according to the invention, for comparison.
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ue radiation and emt in a wi de band (half-value w dth approxi mat el y&&

deep-
110 with a maxi mum at approxi mately 560 nm The
i nvengi on wi |l be explained |n nore detail with reference to four Tables.

Al rf¥sul t ppNdé@08n Tables |, 11 _and Illl4elate to a tubular | oWlpb&RES9Y e
mer cufy di scharge l'anp (tube length = 120 cm tube dianeter = 2,5 cm gas

filling kr d ar ype with a power ratlngof 36 W
Tabl e | shovvs t he col oﬂmuﬁuumﬁmﬁ of the Ilght radi ated by t'he | anp,

the col our rendering inlex* R af'd £he*l um nous e et MasH L, S _Oone hundred
hours of operation, [err]100 in ImMW for five di fedi ons of
the Ium nescent |ayer of a |lanp according to the first up to
and including the fifth lum nescent nmaterial are indicC Ronman
nunerals | to Vin Tables I, Il and Il1l. The first |lum nescent materi al
used is strontium

1. A low-pressure mercury discharge lamp with a very good colour

rendering and with a colour point (x,,y,) on or close to the Planckian locus, provided
with a gastight, radiation-transmitting envelope which contains mercury and rare gas,
and provided with a luminescent layer comprising _

5 - a first luminescent material activated by bivalent europium and having an
emission band whose maximum lies between 470 nm and 500 nm and whose
half-value width is at most 90 nm,

- a second luminescent material activated by bivalent manganese and having at
least an emission band mainly in the red region of the visible spectrum,
10  characterized in that the luminescent layer in addition comprises
- a third luminescent material with a band emission whose maximum lies between
430 nm and 490 nm,
- a fourth luminescent material with emission mainly between 520 nm and 565

L N A A 4 b

nm, and

5 - a fifth luminescent material with emission mainly between 590 nm and 630 nm.
2 A low-pressure mercury discharge lamp as claimed in Claim 1, in
which the first luminescent material comprises one or several substances from the group
formed by strontium aluminate activated by bivalent europium, barium aluminate
activated by bivalent europium, and strontium borophosphate activated by bivalent

20 europium.
3. A low-pressure mercurcy discharge lamp as claimed in Claim 1 or 2,
in which the second luminescent material comprises a pentaborate activated by trivalent
cerium and by bivalent manganese, which pentaborate has a red Mn?* emission.
4, A low-pressure mercury discharge lamp as claimed in any one of the

B preceding Claims, characterized in that the third luminescent material comprises one or
several substances from the group formed by barium-magnesium aluminate activated by
bivalent europium and strontium chlorophosphate activated by bivalent europium.

. A low-pressure mercurcy discharge lamp as claimed in any one of the



nate activated by bival ent europium (SAE). The second and al so

‘um nescent material used is a pentaborate conprising gadolinium and
m activated by trivalent cerium trivalent terbium and bival ent

e (m/plf‘“ e third | uminescent nakderial is barium magnesi@lngs.1993
e activated by bivalent europium (BAM. The fifth | um nescent

| i s precedingiflaimsicharacteriaed én that the foatthriiménescant uratdridDdinpTisd ¢He t he

iti tai ttri | 1 Ni t acti t db .
PO ok sETELo SR Al i brau T Bned by e hagnsiboL Hianage setivated.
r di nalyaivalent lefbia aid papRibdratd hetivifed B G1ATNt ﬁ%idﬂd%yg@)f#{é ssure

di scharge lanp of the TLD type with a power rating of re al so
ed bé&srBiNM-he per cent age by wei ght of CBTM for each conposition -of

Il nesgent |ayer. TRIISEG ' adj ust ed over, a

t§ veI%S/ wi de’ range‘hblé angko?'%ﬁkﬁﬁﬁﬁﬁﬁ?ﬁ Y %@’r’%‘?‘(ﬁ‘ha&’ﬁf@“ of the
mangangse ppeevedingiClaints; chiraibterized i trap ey fifth lifitesdeft\matediab Lo fpA%is m

di schajge | anps w,t he&gver_,y good col our rendering (Ra > 90) according to

t he inyentiBNdEéﬁnB@ ¥UFiNalent @HOpiBY a very wi de col our tenperature range
of ihe 11 ahy radi at ed byaliag. bRl GRRMEE) BRCRYEY 1abfEs &fhed ' Giafin 3,

conparatively high | um nous
characterized in that the pentaborate is in addition activated by trivalent terbium and

10 forms at least a part of the fourth luminescent material.

7 alu
fourth.

8. A low-pressure mercurcy discharge lamp as claimed in any one of the
| preceding Claims, characterized in that the luminescent layer in addition comprises

yttrium-aluminium garnet activated by trivalent cerium.
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| shows, as does Table |, the colour tenperature Tc of the |ight yb

r adi d by the discharge Ianp, the col our rendering i-ngex Ra_ and the

| um e g err] 100 in ImWfor five different" corrp05|t|

| um scenéﬁllhayer of a lanmp according toiqlhe invention. In the c@f'qggslpbgons
sho

in Mhomver the first lum nescent material used was barium
by bi val ent europi um (BAE). It is evident that the

| umi rpus  gfgw-pressurk anércdBOdiacHarg )l our rendering index in dependence on
t he dol our tenperature Tc correspo strongly to those found for the
conpasitions of the | um nescent |ayer shown in Table L Tabl e

1] s‘,hovxs the colour rendering index Ra and the | um nous efficacy [err]100
of | dw pressure nercury discharge | anps according to the invention for two
val ueis of the colour tenperature Tc for conpositions of the |um nescent

| ayer; which differ fromthe conpositions shown in Table | in that one of
the llum nescent materials is replaced by an alternative |um nescent

material . In the firstrgg s,the first

| uni nescent material is rep‘{egg‘é‘?i?%%gtdr g‘{{?\Q gllreo%‘ﬁ}gks“bhggégtg lamp. pith 3,
bi val ent eerygoadreqlS@Pyendering knad Wiilr gl cologr pdmt (qQ\y,) bnrorloseBd vhé Plantiih aced
as the foufrt h I um. esceg mat.eri al by ceri um magnesi um al um nate acti vated

by trivalQHs astight, fadiglionstransmittingenyelope hich eontaing mercury t he

layer as G448 rare gas, and provided with a luminescent layer comprising
5 - a first luminescent material activated by bivalent europium and having an
emission band whose maximum lies between 470 nm and 500 nm and whose
half-value width is at most 90 nm,
- a second luminescent material activated by bivalent manganese and having at
least an emission band mainly in the red region of the visible spectrum.
10 According to the invention, the luminescent layer in addition
comprises

- a third luminescent material with a band emission whose maximum lies between
430 nm and 490 nm, _

- a fourth luminescent material with emission mainly between 520 nm and 565

15 nm, and
- a fifth luminescent material with emission mainly between 590 nm and 630 nm.

It is achieved by this that the luminous efficacy of the lamp is

considerably increased while the very good colour rendering is maintained, and the
speed with which the luminescent layer is degraded during lamp life is considerably

0 reduced. |

Been Replaced
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8 ' second | um nescent material is not activated by terbium but excl JEVE y
by manganese and cerium (CBM. So CBTMis replaced by a m xture of CAT and
CBM In the fifth and the sixth colum, BAMis replaced as the fifth

| um nescent material by -strontium chl oropllosphate activated by bival ent
europium (SCAP). Table Ill illustrates that the |um nescent |ayers of

formed fro ferlng | um nescent materijal f NS
shows the col ogs 4T, the | um nous df f4 cacy a ter or e hil

hours of oper REM& m‘%ﬂ@ our rendering ilndex. Ra ang t he degi*‘aHééE‘ﬁdof?
of the | um nesgept Iayer durirgl{lanp life exprgssed;as’ th quO‘t’l entd paged.....
([err]2000/[ert]] 1@@ Jan BAé Iluri nous efficacy .o?et he *hnp - Bfi-dr * 25003 858u¥'s
([err]2000) an he | um nous e flcacy of a lang after 100 hours ([err] 100)
for |ow pressuf e-mercarcy T Schay ge [amps. of | ot ypes. KuAliber. Wil hese

| ow- pressu;ﬁw‘g?;{sgﬁ%vf 'méichey disefargé Mapsp.accor di n; o5 thj‘]‘hvm’lu qQny %,_ag uc‘fq/

|
|
|

| anps was of the TLD type, a_tublil ar | 6w

The invention relates to a low-pressure mercury discharge lamp with a
very good colour rendering and with a colour point {x;,y;) on or close to the Planckian
locus, provided with a gastight, radxanon-transmunng envelope which contains mercury
and rare gas, and provided with a luminescent layer compnsmg
- a first luminescent material activated by bivalent europium and having an

emission band whose maximum lies between 470 nm and 500 nm and whose
half-value width is at most 90 nm,
- a second luminescent material activated by bivalent manganese and having at

least an emission band mainly in the red region of the visible spectrum.

The expression "a very good colour rendering” in the present description
and claires is understood to mean that the average colour rendering index R(a,8)
(average of the colour rendering indices of eight test colours as defined by the
International Commission on Illumination: CIE Publication No. 13.2 (TC-3.2), 1974)
has a value of at least 90.

The colour of visible radiation is characterized by the colour coordinates
(x,y) which determine the colour point in the chromaticity diagram (see CIE Publication
No. 15 (E-1.3.1), 1971). A low-pressure mercury discharge lamp, also referred to as
lamp hereinafter, for general lighting purposes should emit light which can be
designated as "white". White radiation is found in the colour triangle for colour points
situated on the Planckian locus. This curve, also called blackbc_:dy line and referred to
hereinafter as curve P, contains the colour points of the radiation emitted by a perfectly
black body at different temperatures (the so-called colour temperature). A certain colour
temperature is assigned, not only to a given point on curve P, but also to radiation

~ having colour coordinates situated on a line intersecting the curve P in said point (see

the cited CIE Publication No. 15). If this radiation has a colour point close to the curve
P, this radiation is also regarded as white light having this given colour.temperature. In



pressure nercurcy discharge |anp (tube IengthREPM%NTL%E}H aneter - 2,5

[
cm gas filling = krypton and argon) with a power rating of 36 {W The wall

| cad of the lanp is approximately 380 Wml ddrijing?OaidNdBer atli ¢n, i.e. the
lanp has a conparatively low wall |oad. ,ln addijtion, lanps of the PL-L type

were used, also |ow pressure nercurcy di sch r ge 1g{t he sanme
e PL-L type

power rat'na and as. fill] gicorlsisting of .

have a dit3%REGSER ory %}}473 S, “a\gelqus Potnt Slose §9 flemstogd e

I nt ercon %% | +nfl t o AL S is
appr oxi rrg?gx??ﬂltﬁ%t %ﬁnlagn thfégﬁﬁgﬁéﬁgﬂgéﬂgg?ﬁ?h@n icgsncﬁgrqge colhg{(rrlﬁgg{ljri ng

| anp opersameaolous tempematireds et yosiZ) MRCIFhMRED (" nirdchuirsperpeptible calowd y 720

Wnierr] during operatiqn. Lanps ving a wal | ad. of e_than 500 Wnu
are ofteﬂ‘&%@ﬁgﬂgdsg’se‘l‘ﬂlbﬂfﬁf’ ;erg:g, fﬁ\g@etpﬁ 192408 b(%[?)ih%e S¢0 e ‘used
here is Of ' oatle I&ﬁirfe' i V

rel at es '??)bcg%?a aét%%%gbtbg' {)'hgsj'i ﬁmm ahd gﬁ%ﬁgwf@?gﬁé’m&e

| um nescdumiresgant layer sn viewrpb prapertiestregardingathe woloue tempertureobthetlight | | ght
radi ated by, t I i s apgproxiately 4000, K. The secqnd row of, the Tabl e
al so rel af?%‘é‘eag’yag’ﬁngﬁlﬂpcﬂnat‘h% cqlggr F?f%!@nﬁ%’c’é i3i2lsg r?%‘qeﬁrég?trfgé Aimingscest
conposi ti ﬁggeg ' icha) Xk | ﬁ@qﬂtrgfwﬁ it at

t he col o%r%rat u?“eas?%ﬁghﬁlght réggll’%%uen(sjb%y t he an%%déa%%pﬁg?ant%{el y
5200 K. Thea low-pressunel mereuryalischargeoyieldfa high lUmidous fluxendehaintain this highs of

It gge;l'ls_Dohx&ﬁ@gtﬁ%r:@tgom{ I Ng,. Ocit B% I nvention since the | um nescent
Low-pressure mercury discharge lamps radiating white light and having a
very good colour rendering are known from European Patents EP-A-0114441 and EP-
A-0124175. It is necessary in these lamps for the luminescent layer to comprise in

addition a calcium halophosphate activated by antimony or by antimony and manganese
in order to obtain the desired lamp properties. It-is found in practice that the
requirements as to the colour of the light radiated by the lamp and the colour rendering
can only be realised in the known lamp in combination with a comparatively low
luminous efficacy of the low-pressure mercury discharge lamp. This is particularly the
case when there is a comparatively high wall.load in the lamp because in highly loaded
lamps the detrimental influence of the very short-wave ultraviolet radiation (185 nm)
generated in the mercury discharge plays a major part. A comparatively strong
degradation of the Iuminescent layer may also occur during life of the known lamp.

The invention has for its object inter alia to provide a low-pressure
mercury discharge lamp whose radiated light is white and whose colour rendering is
very gmd, while at the same time the luminous efficacy of the low-bmsure mercury
discharge lamp is comparatively high and decreases to a comparatively small extent
during the operating life of the low-pressure mercury discharge lamp.

According to the invention, a low-pressure mercury discharge lamp as
described in the opening paragraph is for this purpose characterized in that the
luminescent layer in addition comprises

- a third luminescent material with 2 band emission whose maximum lies between
430 nm and 490 nm,

e
’{ 4 -
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hal ophosphat es. The conpositions of the |um nescént | ayers of hi
fourth lanp are so chosen that the col our tenpérat Jr%s’%f%tqﬁe
radi ated by the | anps are
9 4000 K and 5200 K, respectively. The remaining four rows of tihe Table
relate to |lanps of the PL-L type. The Ian%)s of | . Lxit h row are
according to the inventiaqgn. The |uni nescent |ayers of the |lanps of the
seventh and ei gha fourBwluniagIcea, mategal yith emission mainky berveer SRA na amkh86% ol our
tenperature of t h@ht radiated by the lanps of the fifth and the seventh
row of the Tabl e 75 approxi mately 4000 K. The col our tenperature of the

| i ght radiated by fifthdumimseent imatérial svith emissidntrivsinkyi pgtevberr 590 afn dndes30adhe i s
approximately 5200 K. It can be seen that |anps of both types and accordi ng
to the invention have consi derably higher |um nous efficacies than the
corresponding lanps in

It has been found that a lamp according to the invention has favourable
properties as regards the colour point of the light radiated by the lamp, the luminous
efficacy and the degradation of the luminescent layer both at high and at low loads, The
colour rendering of a lamp according to the invention is also very good.

The calcium halophosphate activated by antimony and manganese which is
used in the known low-pressure mercury lamp exhibits an emission over the entire
visible range of the spectrum during lamp operation. It is especially this property which
renders this halophosphate suitable for use in the luminescent layer of a lamp having a
very good colour rendering. In a lamp according to the invention, however, a mixture is
used of three luminescent materials which each exhibit emission mainly in a
comparatively small portion of the visible specu:um. It is very surprising that also low-
pressure mercury discharge lamps whose luminescent layer has been subject to such a
drastic change of the emission spectrum, as compared with the luminescent layer of the
known lamp with a very good colour rendering, have a very good colour rendering as
well.

It should be noted that the use of a mixture of three luminescent materials,
each emitting mainly in a comparatively small portion of the visible spectrum, in the
luminescent layer of a lamp is known per se, for example, from US Patent 4,176,294
and Netherlands Patent 164,697, The luminescent layers of the low-pressure mercury
discharge lamps described therein, however, often comprise only three luminescent
materials, so that the colour rendering of such low-pressure mercury discharge lamps
cannot be designated as very good.

As in the known low-pressure mercury discharge lamps, very favourable
results are obtained in the lamps according to the invention when the first luminescent
material comprises one or several substances from the group formed by strontium
aluminate activated by bivalent europium, barium aluminate activated by bivalent
europium, and strontium borophosphate activated by bivalent europium. The said
strontium aluminate activated by bivalent europium (further referred to as SAE) is a



whti ch the | um nescent | ayer conprises cal cium %PMMTQSHEE{T Is al so

evident that, especially for (highly |oaded) ljanps of the PL-LI type, the

| anps according to the invention show a nuch simal | ¢Q g&yrig@at i on of the

| um nescent |ayer than the | anps whose | um nesicgnt | ayers conprise cal ci um
hal ophosphate. The |um nous efficacies of4| angs ‘of the~Pr=t~type¢ with a

| um nescent | ayer conprising cal cium hal ophosphate are_very |owf This

conbi nat i omr@messentemytenéb\}mm Reuse é¢ﬁnedahyytharfdnmxlﬁ&& )Bm,gﬂém{gitqhgrineim&me

I t t t] L.l Si bl'e
mant act ur 8P 6 GRTOUE Batetel iR o ALY, L8 snt . i Sﬁﬁim 2 Opifand
conpri si nggacl rg Iseimerltmim?és%nt\dﬁdilnﬁt%k Sh@“»ﬂﬁb@ﬁf@é&@ﬂﬁf‘d 8@3&@?111
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(called BAE hereinafter) is a luminescent material known per se defined by the formula
BagnEALOquq+n, in which up to 25 mole% of the Ba may be replaced by Sr, and in
which 0,005 < p < 0,25 and 5 < q < 10. The luminescent materials BAE, which are
described more fully in NL-A 8105739, have an emission band with a maximum at 475-
485 nm and 2 half-value width of 70-90 nm. The said strontium borophosphate activated
by bivalent europium (called SBP hereinafter) is a luminescent material known per se
defined by the formula

m(Sr..y»Ba,Ca Eu )O.(1-n)(P,05).n(B,0;), in which0 < x < 0,5,0 < y <0,2,
0,001 < p <0,15, 1,7 < m < 2,30 and 0,05 < n < 0,23. The luminescent
materials SBP are described in DE-A 2848726 and have an emission band with a
maximum at 470-485 nm and a half-value width of 80-90 nm. ‘

It was also found that lamps according to the invention with good
properties are obtained when the second luminescent material, as also m known lamps,
comprises a pentaborate activated by trivalent cerium and by bivalent manganese, which
pentaborate has a red Mn?* emission. These pentaborates, to be referred to hereinafter
as CBM, are luminescent materials which are known per se (see NL-A 7905680 and
NL-A 8100346) defined by the formula
(Y,La,Gd), ,Ce,(Mg,Zn,Cd),.,,Mn,B;O,,, in which up to 20 mole% of the B may be
replaced by Al and/or Ga, and in which 0,01 < x < 1,0 and 0,01 < p < 0,30. The
pentaborates comprising Gd and Mg are preferred here. These borates show 2 very
efficient emission resulting from Mn?* upon excitation by the shon;wave ultraviolet

radiation of a low-pressure mercury discharge in a comparatively narrow band with a
maximum at approximately 630 nm and a half-value width of approximately 80 nm.
Low-pressure mercury discharge lamps according to the invention are
preferred which are characterized in that the third luminescent material comprises one
or several substances from the group formed by barium-magnesium aluminate activated
by bivalent europium and strontium chlorophosphate activated by bivalent europium.
The said barium-magnesium aluminates activated by bivalent europijm, called BAM for
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crystal structure related to the structure of 8-alumina (see NL-A 7214862). These
aluminates, which can be represented by the formula Ba,.,Eu,.xMg0.yAlLO,, in which
up to 25 mole% of the Al,O, may be replaced by Ga,0; and/or Sc,0,, and in which
1<x=x<25=<ys8and 0,01 < p < 0,50, are highly efficient and show band
emission with a2 maximum at approximately 450 nm and a half-value width of
approximately 50 nm. The said strontium chlorophosphate activated by bivalent
europium (called SCAP hereinafter) is 2 known luminescent material (for example, see
USP 4,038,204) with the crystal structure of the mineral apatite and with a composition
of the basic lattice which in general deviates a little from the stoichiometric formula
M;o(PO)eX; (M is an alkaline earth, mainly Sr; X is a halogen, mainly chlorine). SCAP
has an efficient band emission (maximum at approximately 450 nm, half-value width
approximately 85 nm).

Suitable substances to be used in the fourth luminescent material are
cerium-magnesium aluminate activated by trivalent terbium and cerium-magnesium
pentaborate activated by trivalent cerium and trivalent terbium. The said cerium-
magnesium aluminate activated by trivalent terbium (miled CAT hereinafter) is known
per se from NL-A 7214862 and has a hexagonal crystal structure related to that of
magnetoplumbite. The aluminates CAT are defined by the formuld
(Cey ool 2,T0),05.xMg0.yALO;, in which up to 25 mole% of the AL,O; may be
replaced by Ga,0; and/or Sc,0;, and in which2 < x < 4, 10 < y =< 16,

0 <p=<0,5000! s q < 0,60 and p+q < 0,90. The said pentaborate activated by
trivalent cerium and trivalent terbium (called CBT hereinafter) is known from the cited
NL-A 7905680 and NL-A 8100346 and can be represented with the formula
(Y,La,Gd)1.y.yCe T, (Mg,Zn,Cd)B;sOy, in which up to 20 mole% of the B may be
replaced by Al and/or Ga and in which 0,01 < x < 1-yand 0,01 < y < 0,75.
Pentaborates comprising Gd and Mg are preferred here. The luminescent materials CAT
and CBT yield a very efficient line emission mainly in the 520-565 nm range.

It is also possible to form the fourth luminescent material from the
pentaborate activated by trivalent cerium and by bivalent manganese mentioned above as
a possibility for the second luminescent material in that this pentaborate is also activated
by trivalent terbium, so that the second luminescent material forms at least part of the
fourth luminescent material. It is advantageous when the function of the fourth
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juminescent material is entirely fulfilled by the second Iuminescent material because in
that case the luminescent layer comprises one luminescent component less, which
simplifies l]amp manufacture, The pentaborates activated by trivalent cerium as well as
by bivalent manganese and by trivalent terbium, referred to as CBTM hereinafter, are
known from the cited NL-A 7905680 and NL-A 8100346 and may be represented with
the formula (Y,La,Gd).,.,,Ce,Tb,(Mg,Zn,Cd).,Mn,BsOyo, in which up to 20 mole% of
the B may be replaced by Al and/or Ga, and in which 0,01 < x < 14,00l <y <
0,75 and 0,01 < p < 0,30. The pentaborates comprising Gd and Mg are again
preferred.

A suitable material for forming the fifth luminescent material is yttrium
oxide activated by trivalent europium. This luminescent oxide known per se (called
YOX hereinafter) is defined by the formula Y, Eu,0,, in which 0,01 < p < 0,20,
and shows a very efficient line emission mainly in the 590-630 nm range.

If it is desired that the light radiated by the low-pressure mercury lamp
has a comparatively low colour temperature, this can be achieved in that the
luminescent layer comprises a luminescent yttrium-aluminium garnet activated by
trivalent cerium. This aluminate (called YAG hereinafter) is defined by the formula Y,
.Ce,Al;O,,, in which 0,01 < x < 0,15. Substitutions of other rare earths such as Gd,
La and Lu for Y are possible here, and also part of the Al may be replacéd by, for
example, Ga and/or Sc. These luminescent garnets (for example, see Appl. Phys.
Letters, 11.53, 1967) absorb not only short-wave ultraviolet radiation but also visible
deep-blue radiation and emit in a wide band (half-value width approximately 110 nm)
with a maximum at approximately 560 nm.

The invention will be explained in more detail with reference to four
Tables. All results shown in Tables I, IT and III relate to a tubular iow-pressure
mercury discharge lamp (tube length = 120 cm; tube diameter = 2,5 cm; gas filling =
krypton and argon) of the TLD type with a power rating of 36 W. Table I shows the
colour temperature Tc of the light radiated by the lamp, the colour rendering index Ra
and the luminous efficacy after one hundred hours of operation, 7100 in Im/W, for five
different compositions of the luminescent layer of a lamp according to the invention.
The first up to and including the fifth luminescent material are indicated with Roman
Mumerals I to V in Tables I, II and III. The first luminescent material used is strontium =
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(443/ 418) jyminescent material used is a pentaborate comprising gadolinium and magnesium

activated by trivalent cerium, trivalent terbium and bivalent manganese (CBTM). The
third luminescent material is barium-magnesium aluminate activated by bivalent
europium (BAM). The fifth luminescent material is yttrium oxide activated by trivalent
europium (YOX). Two of the five compositions also contain yttrium-aluminium gamet
activated by trivalent cerium (YAG). The compositions are given in percents by weight.
The coordinates of the colour point of the relevant CBTM in a low-pressure mercury
discharge lamp of the TLD type with a power rating of 36 W are also indicated below
the percentage by weight of CBTM for each composition of the luminescent layer. This
colour point can be adjusted over a comparatively wide range by means of the quantities
of terbium and manganese present in the CBTM. It is apparent that low-pressure
mercury discharge lamps with a very good colour rendering (Ra = 90) according to the
invention can be manufactured over a very wide colour temperature range of the light
radiated by the low-pressure mercury lamp and with a comparatively high luminous
efficacy.

Table I shows, as does Table I, the colour temperature Tc¢ of the light
radiated by the discharge lamp, the colour rendering index Ra and the luminous efficacy
7100 in Im/W for five different compositions of the luminescent layer ofa lamp
acco_rding to the invention. In the compositions shown in Table II, however, the first
luminescent material used was barium aluminate activated by bivalent europium (BAE).
It is evident that the luminous efficacy 4100 and the colour rendering index in
dependence on the colour temperature Tc correspond strongly to those found for the
compositions of the luminescent layer shown in Table L.

Table III shows the colour rendering index Ra and the luminous efficacy
7100 of low-pressure mercury discharge lamps according to the invention for twb values
of the colour temperature Tc for compositions of the luminescent layer which differ
from the compositions shown in Table I in that one of the luminescent materials is
replaced by an alternative luminescent material. In the first and the second row of Table
I, SAE as the first luminescent material is replaced by strontium borophosphate
activated by bivalent europium (SBP). In the third and the fourth row, CBTM is
replaced as the fourth luminescent material by cerium-magnesium aluminate activated by

trivalent terbjum (CAT). This means that the pentaborate present in the layer as the
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second luminescent material is not activated by terbium but exclusively by manganese
and cerium (CBM). So CBTM is replaced by a mixture of CAT and CBM. In the fifth
and the sixth column, BAM is replaced as the fifth luminescent material by strontium
chlorophosphate activated by bivalent europium (SCAP). Table III illustrates that the
Iuminescent layers of low-pressure mercurcy discharge lamps according to the invention
can be formed from widely differing luminescent materials.

Table IV shows the colour temperature Tc, the luminous efficacy after
one hundred hours of operation 7100, the colour rendering index Ra and the
degradation of the luminescent layer during lamp life expressed as the quotient
(n2000/9100) of the luminous efficacy of the lamp after 2000 hours (32000) and the
luminous efficacy of a lamp after 100 hours (1100) for low-pressure mercurcy discharge
lamps of two types. A number of these lamps was of the TLD type, a tubular low-
pressure mercurcy discharge lamp (tube length = 120 cm; tube diameter = 2,5 cm;
gas filling = krypton and argon) with a power rating of 36 W. The wall load of the
lamp is approximately 380 W/m? during lamp operation, i.e. the lamp has a
comparatively low wall load. In addition, lamps of the PL-L type were used, also low-
pressure mercurcy discharge lamps, having the same power rating and a gas filling
consisting of argon. Lamps of the PL-L type have a discharge vessel formed by two
parallel tubular parts which are interconnected by a bridge. The internal diameter of the
tubular parts is approximately' 1,5 cm and the total length of the discharge column
during lamp operation is approximately 106 cm. The wall load is approximately 720
W/m? during operation. Lamps having a wall load of more than 500 W/m? are often
regarded as highly loaded, so that the lamp of the PL-L type used here is an example of
a highly loaded lamp. The first row in Table IV relates to a lamp according to the
invention and of the TLD type whose luminescent layer is so composed that the colour
temperature of the light radiated by the lamp is approximately 4000 K. The second row

~ of the Table also relates to a lamp of the TLD type according to the invention. The
composition of the luminescent layer of this lamp, however, is such that the colour
temperature of the light radiated by the lamp is approximately 5200 K. The third and
the fourth row of the Table also relate to lamps of the TLD type, but not according to
the invention since the luminescent layers of these lamps comprise calcium
halophosphates. The compositions of the luminescent layers of this third and fourth
lamp are so chosen that the colour temperatures of the light radiated by the lamps are



12 Table 111 I [1+lV 1] \%

Tc R(a,8) [err]100 SBP CBTM BAM YOX (K)
(1m W % % % % . by by
by by \/\/eléght wei ght wei ght wei ght

5000 92,9 81,1 17,4 37,6 6, 8

(373/ 487)
(358/502) 4

38, 2

4000 K a?:ﬁ%‘}oo K 9%58ecﬁv21%’ %e ng i 5?‘1"3 of tI'Fe1 ']l‘atﬁg r%ive to lamps Vv

Tc R( 56 B lilf‘-eryﬁQOThe ﬁﬁl%s of th8Hifth ﬁlﬁl\dxxtﬁ?/ﬁw are ¥€ording to thé()nvenuon

(1 m W %

%
by byThe lunln;zescent labgrs of the lamps of the seventh and eighth row, however, comprf/se

calcium halophosphate, The colour temperature of the light radiated by the lamps of the
fifth and the seventh row of the Table is approximately 4000 K. The colour temperature
of the light radiated by the lamps of the sixth and the eighth row of the Table is
approximately 5200 K. It can be seen that lamps of both types and according to the
invention have considerably higher luminous efficacies than the corresponding lamps in
which the luminescent layer comprises calcium halophosphate. It is also evident that,
especially for (highly loaded) lamps of the PL-L tjrpe, the lamps according to the
invention show a2 much smaller degradation of the luminescent layer than the lamps
whose luminescent layers comprise calcium halophosphate. The luminous efficacies of
lamps of the PL-L type with a luminescent layer comprising calcium halophosphate are
very low. This combination of a very low luminous efficacy and a fast degradation of
the luminescent layer render it very unattractive, if not impossible, to manufacture
highly loaded lamps with a very good colour reixdering and comprising a luminescent
layer with calcium halophosphate. It can be derived from the data in Table IV,
however, that highly loaded lamps according to the invention have a high luminous
efficacy and a comparatively small degradation.
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Lamp type
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3.
Uwith aroleur ot (Radp omor pmwtheri’lammam lpcus, provided
with a gastight, radiation-transmitting envelope which contains mercury and rare gas,
and provided with a luminescent layer comprising

- a first luminescent material activated by bivalent europium and having an
emission band whose maximum lies between 470 nm and 500 nm and whose
half-value width is at most 90 nm,

- a second luminescent material activated by bivalent manganese and having at

least an emission band mainly in the red region of the visible spectrum,
characterized in that the luminescent layer in addition comprises
- a third luminescent material with a band emission whose maximum lies between
- 430 nm and 490 nm,
- a fourth luminescent material with emission mainly between 520 nm and 565
nm, and
- a fifth luminescent material with emission mainly between 590 nm and 630 nm.
2, A low-pressure mercury discharge lamp as claimed in Claim 1, in
which the first luminescent material comprises one or several substances from the group
formed by strontium aluminate activated by bivalent europium, barium aluminate
activated by bivalent europium, and strontium borophosphate activated by bivalent
europium. _
3. A low-pressure mercurcy discharge lamp as claimed in Claim 1 or 2,
in which the second luminescent material comprises a pentaborate activated by trivalent
cerium and by bivalent manganese, which pentaborate has a red Mn** emission.
4, A low-pressure mercury discharge lamp as claimed in any one of the
preceding Claims, characterized in that the third luminescent material comprises one or
several substances from the group formed by barium-magnesium aluminate activated by
bivalent europium and strontium chlorophosphate activated by bivalent europium.
3. A low-pressure mercurcy discharge lamp as claimed in any one of the
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6. A low-pressure mercurcy discharge lamp as claimed in any one of the

preceding Claims, characterized in that the fifth luminescent material comprises yttrium
oxide activated by trivalent europium.

7. A low-pressure mercurcy discharge lamp as claimed in Claim 3,
characterized in that the pentaborate is in addition activated by trivalent terbium and
forms at least a part of the fourth luminescent material. |

8. A low-pressure mercurcy discharge lamp as claimed in any one of the
preceding Claims, characterized in that the luminescent layer in addition comprises
yttrium-aluminium gamet activated by trivalent cerium.
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By trivalent terbium and pentaborate activated by trivalent cerium and by
trivalent terbium 6. " A lowpressure nercurcy discharge | anp
as clainmed in any one of the preceding Cains, characterized in that the
fifth-lum nescent material conprises yt tlri um oxi de activated by trival ent
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| anp as clainmed in any one of the preceding Cains, characterized in that
the lum nescent layer in addition conprises yttriunalum nium garnet
activated by trivalent cerium

The invention relates to a low-pressure mercury discharge lamp with a
very good colour rendering and with a colour point (x;,y;) on or close to the Planckian
locus, provided with a gastight, radiation-transmitting envelope which contains mercury
and rare gas, and provided with a luminescent layer comprising
- a first luminescent material activated by bivalent europium and having an
emission band whose maximum lies between 470 nm and 500 nm and whose
half-value width is at most 90 nm,

- a second luminescent material activated by bivalent manganese and having at
least an emission band mainly in the red region of the visible spectrum.

According to the invention, tlfe luminescent layer in addition

comprises

- a third luminescent material with a band emission whose maximum lies between
430 nm and 490 nm, _

- a fourth luminescent material with emission mainly between 520 nm and 565
nm, and

- a fifth luminescent material with emission mainly between 590 nm and 630 nm.

It is achieved by this that the luminous efficacy of the lamp is
considerably increased while the very good colour rendering is maintained, and the
speed with which the luminescent layer is degraded during lamp life is considerably
reduced.
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