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Eu-Doped Barium Aluminum Oxynitride with the B-Alumina-Type
Structure as New Blue-Emitting Phosphor

S. R. Janserft J. M. Migchels? H. T. Hintzen,? and R. Metselaar

Laboratory of Solid State and Materials Chemistry, Centre for Technical Ceramics, Eindhoven University of Technology, 5600
MB Eindhoven, The Netherlands

Attractive new blue-emitting phosphors for use in low-pressure mercury gas discharge lamps are synthesized by Eu-substitution i
the barium aluminum oxynitride host lattice with grx@lumina-type structure. The emission spectra of these phosphors for 254 nm
excitation show a band at about 450 nm with a shoulder at higher wavelength. The maximum quantum efficiency of these materi-
als is about 85-90% just like commercial BaMgg8);7:Eu with thef-alumina type structure. The nonoptimized oxynitride phos-

phors are more sensitive to oxidation (at 873 K) and to short-term depreciation due to 185 nm irradiation compared tolcommercia
BaMgAl;4O;7:Eu. However, the maintenance of the oxynitride phosphors in single component fluorescent lamps is improved. Cal-
culations indicate that by using these phosphors in tricolor fluorescent lamps instead of BaigAll with the-alumina type

structure, the color rendering index will improve while the lumen output remains high.

© 1999 The Electrochemical Society. S0013-4651(98)05-045-9. All rights reserved.

Manuscript received May 15, 1998.

Fluorescent lamps are very important lighting sources since thepetween the powder and the glass of the lighting tube. However, to
have a high efficiency, a good color rendering, adjustable color temprevent severe scattering of UV-radiation which results in a low UV-
perature, and a long lifetime. It was predicted by Koedam andabsorption, the average particle size has to be larger tham\Rith
Opsteltef as well as by Thorntdrthat a fluorescent lamp with a  the fraction of particles smaller thanuen as small as possible.

high efficacy and color rendering index (CRI) can be obtained by 2. High UV-absorptior—This means that the 254 nm radiation

combining three phosphors which emit in narrow wavelength inter as to be absorbed efficiently. si o ; ;
y, since this is the most important radia-
vals centered around 450 (blue), 550 (green), and 650 (red) nm. Su%n in a low-pressure mercury gas discharge lamp.

a lamp was realized a few years later, based on rare-earth activate i o o
phosphors and is called the tricolor lafp. 3. High quantum efficiency-The absorbed UV-radiation has to

A commonly used blue-emitting phosphor in tricolor lamps with be converted efficiently into visible radiation, and nonradiative return
a CRI of about 85 is Eti-doped BaMgA|(O;-. 3° The material o the ground state has to be minimal.

BaMgAl,¢O;; has the B-alumina-type structure (space group 4. No oxidation in air below 873.&-During the lamp-making
P6y/mmq and can be derived from sodiysralumina by replacing  process this temperature is used to remove the organic binder and the
(NaA|)4+ with (BaMg)4+ So substituting A by MgZ+ is neces- suspension medium.

sary for charge compensation when'Ns substituted by Bd.

In the BaO-A}O5 system such a charge compensation is not pos- h >. himi;[]ed detp;reciatki?n. inhth? lamp during operatlienThlgf .
sible, so the3-alumina material observed in this system has a defecPoSPhor has to be stable in the lamps to guarantee a long litetime.
ually the phosphor degrades during lamp life, resulting in a
e

structure. The material is named barium aluminate phase | and h - : - )
an ideal composition of BasAl;,0,7 55 In this case Nais substi- creased lumen output, possibly combined with a shift of color. The

tuted by (Bg ;0 ,0" and the defects in this structure are called most important processes causing this declination (@relrop in

Reidinger defects. These Reidinger defects consist of a Ba vacan?;;m.um ?ﬁide?‘cy due to photoghert?ica_l_ (.Jlecomp_ositic;n gy 1ﬁ5 nm
an O interstitial, and two Al Frenkel defects. The exact compositio iation from the mercury gas dischargs); formation of absorb-

of Ba aluminate phase | is not clear since the reported compositioffd !ayers due to reaction with excited mercury atoms from the gas

of this material ranges from a Ba/Al ratio of 0.058 to 0.984Also ischarge; andi() diffusion of sodium ions from the glass.

the E#"-doped B&3-alumina’s are important luminescent materials 6. The color rendering index of the tricolor lamp should be
and are therefore studied extensiveh??-32 BaMgAl;(0; is high.3>—A high CRI means that objects illuminated by the tricolor
strongly related to Ba aluminate phase | since a solid solution existamp or natural light appear similar to the human eye.

between both materiafs. Experimental

A novel way for obtaining a stoichiometric barigralumina is . - . -
. . — 3 Synthesis—Several starting mixtures were made by combining
to realize charge compensation by the replacemen€ob® N°~. the appropriate amounts of Bag(Merck, >99%), E4O; (Rhone-

This results in the compound BaAD;¢N, 2 which also forms a o oo 0
solid solution with Ba aluminate phase | as has been proven by ug%ﬂgng fgf%z)/";{nm%.c%m('gﬂﬁifoem';ﬁ.’:égifg’ggg\f%(ftggﬁ'f
recently>* Because of the importance of Eu-doped@alumina’s ' ! 2-3 ’ ) !

as phosphors it is interesting to know what the luminescence pro rections were made for weight losses and the amount of AIN is cor-
erties are of Eu-doped BaAO;N. rected for its oxygen content by taking it into account a®AlThe

In the present study we deal with%tdoped BaAj;0;N for choice ofy-Al ,O4 starting material is based on its high reactivty.

L . . The general composition of the samples is
application as a phosphor in a low-pressure mercury gas discharge

lamp. Th_e properties of this material _wiII be compared with Eu-doped Eux(0.83+0.l7y)Ba(1—x)(0.83+0.17y)A| 110(17,33—1,33/)Ny
Ba aluminate phase | and commercial Eu-doped BalM@h. .
Some important qualifications of phosphors for application in aWith x: 0, 0.01, 0.05, 0.10, 0.15, 0.40, 0.70, and 1.00yar# 0.17,

low-pressure mercury gas discharge lamp are 0.55, and 1. . . .
. . . . o We also prepared a magnesium-containing sample with the com-
1. Small particle size and a narrow particle size distributiefhe position of Eig 1Bay MgAl 14057,

particle size has to be small in order to result in a solid attachment e powders were wet-mixed in isopropanol (>97%) for 2 h in
aPpresent address: Philips Lighting Division, 5600 JM Eindhoven, The Netherlands.%n qgate Contallner with agatet bda”.ls_hon a plgnetary ml|(|j. Af(;er mIXItng
b present address: Océ-Technologies, 5900 MA Venlo, The Netherlands. € |sopr<_3pano was evaporatea. € powaers W_ere redin a stove
2 E-mail: tgtvbh@chem.tue.nl for one night at 433 K and subsequently ground in an agate mortar.
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The powders were fired in a molybdenum crucible under a mild-a Netzsch STA 409. A heating rate of 5 K/min is applied to a maxi-
ly flowing N./H, (90/10) gas mixture. Reactions were performed in mum temperature of 1073 K.
a vertical high-temperature tube furnace at 1973 K for 2 or 4 h (heat- The short-term depreciatioSTD) in fluorescent lamps is simu-
ing/cooling rate 3 K/min). E44Bag gMgAl 40,7 is fired for 4 h at  lated by measuring the light output of the phosphor when the phos-
1973 K. phor is excited during a few minutes with both 185 and 254 nm radi-

The properties of the synthesized powders are compared withtion in the correct ratio. A correction was performed for the back-
commercial E&"-doped BaMgA|,O;, (Philips Lighting, U716),  ground signal by using a nonemitting black sample as standard. The
which contains about 10% Eu. In this work we refer to this com-STDis calculated using the following formula

mercial material as BAM.
_ (lumen OULPU$ minutes — lumen OUtpLgminuteE sampl

. STD=
Characterization (lumen OUtPU$ minutes, samples™ lumen outpulyangdr
The phases, present after reaction, were determined by powder
X-ray diffraction (XRD). Continuous scans were made with Gu K -100% [2]

radiation from 5 to 75(20), with a scan speed of° 126)/min

(Philips 5100). Step scans, with a step size of’QZH) and a count- ;
ing time of 6 s/step, were made from 68 t6 (Z8) in order to deter- with three types of phosphors (4483 sl 1101650 55

: L ) Eu, 1B 1,,0 and commercial BAM). Coating weight
mine the presence of traces of AIN. For Eu-containing specimens, Fg, %4 %76\ 110165055 ! ) Ing Welg

=k ) &f the phosphors is 2.9 mg/énresulting in a layer thickness of
Ka radiation was used instead of Cw Ko prevent fluorescence about 17um. The median diameter of the powders used ig.f13

which increases the noise of the spectra. The lattice parameters We@ﬁanges in emission color and lumen output of the prepared lamps

calculated by using the following reflections: 2014,220,20 13, 3 - : .
042011 2171011118206 2085, and 10 10. are measured in time. Because a small tube diameter is used, the wall

Th d hol died b . | load is high. Therefore an indication of long range maintenance
_'he pow gIrEMmOSPESE%);,OVXaSThStU 1€ q y scanlnlng electrone.qits was obtained in a relatively short amount of time (40, 80 h),
microscopy (SEM), - - 1he powaer samples Wereé SUSeqqming that the degradation mechanism of the phosphor does not

pended in isopropanol and (_jroplets were put on a brass sample hol iange by applying a high wall load. The measured lamp spectra of
er. After evaporation of the isopropanol, a thin gold layer was sputy,ase’jighting tubes were used to calculate the theoretical CRI of a

tered on the samples to avoid charging. ; " : :
The patrticle size and distribution was determined with a laser dif-mcOlor lamp by the Philips simulation program PHOCAL.

fraction system, CILAS HR 850. Results and Discussion

Single-component lighting tubes (2.6 mm diam) are prepared

Luminescence Powder characterizatiar—In our previous work we have shown

. that thec/a ratio is a reliable measure for observing the incorpora-
The luminescence measurements were performed at room temz o« nitrogen in Be3-alumina®®34According to XRD measure-

perature, using three kinds of spectrophotometers. The first type ist‘%ents the unit cell dimensions chanad : :

; . gdr(creasingc decreasing)
Perkin-Elmer LSS0B spectrophotometer with a xenon flash [ampyi, increasing nitrogen content, resulting in a decreasiagatio
The lamp spectrum is corrected with a double photomultiplier. Th@as is shown in Fig. 1 for samples doped with Es 0.1). This phe-
second type is a SPEX spectrophotometer, using a deuterium [ampo,menon was observed previously for samples without Eu, so it can

For both spectrophotometers the emission spectra are recorded usng concluded that it is possible to incorporate nitrGgéA
excitation radiation with a wavelength of 254 nm. Furthermore, the ™ 1, 4 shape of the/a curve for samples with Ex & 0.1)' is com-

excitation spectrum was measured at the emission wavelength Witaarable to the curve reported for samples without Eu fired at
maximum emission intensitf{m may- 1973 K33:34Only the absolute/a values appear to be somewhat
fower. Therefore we have determined the influence of the Eu-incor-
poration on the/a ratio. Thec/a ratio of both Eu-doped Ba alumi-
nate phase | and BaAD;gN is decreasing with increasing Eu con-

trophotometer. The reflection spectrum of BaS©used for cali-
b_ration by using the following data for its reflection: 250 nm excita-
tion 95%, 300 nm 96.8%, 350 nm 97.8%, 400 nm 98.7%, 500 nMmg (see Fig. 2), which is expected since the ionic radius of Bu

99.1%, and 700 nm 99.2%. :
' . . smaller than that of B4. 37 At Eu-contents ok = 0.4 and higher
The amount of UV-absorption at 254 nm was determined byEu Al;,0, With the magnetoplumbite-type structuxa(ratio of

measuring the diffuse reflection of semi-infinite powder layers at3 953) is ob d d h This indicates that th
254 nm, using the third spectrophotometer: the FLAME-1 apparatus ) Is observed as a secondary phase. This indicates that the

of Philips Lighting. The measurement was calibrated using GaCO
(80% reflection) and using a black sample (3% reflection).

The second important feature determined with the FLAME-1 Euo.1o(o.as+o.11y)Bao.9o(o.aa+o,17y)A'11017,33.1,33yNy
apparatus is the quantum efficiency. This is defined by the ratio ¢
the number of emitted visible photons and the number of UV-pho 065 4
tons absorbed by the phosphor. The quantum efficieQEY i€ cal- TTY— 5
culated by relating the emitted radiation intensity of the sample inte
grated over the complete wavelength range to the emitted radiatic
intensity of a standard phosphor, Mn-doped,Si0Q, (Willemite)
with a quantum efficiency of 80% at 254 nm, and multiplying this __
with the ratio of the UV-absorption of the standard and the sample ;

©

4.060
4.055

4.050 -

_ UV - absorptionandarg, Intensity emissiogy e
UV - absorption,mge INtensity emissiog,,garg

4.045

QE

4.040 (]

'QEstandard [1] .

T T
0.0 0.2 0.4 06 0.8 1.0
nitrogen content (y)

To test the oxidation behavior the phosphor powders were put fc
10 min in an oven at 873 K in air. Before and after this treatment th_
quantum efficiency, UV-absorption, and emission spectra wertrigure 1.c/aratio as a function of the nitrogen conteyjtia Ba aluminum
measured. Furthermore, combined differential thermal analysis anoxynitride with thef-alumina-type structure doped with Bu 0.1) and
thermogravimetric analysis (DTA/TGA) were performed in air using fired at 1973 K for 2 h.
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a(1-x)(o.83+0.11y)Al11017.33-1.33y y

0.00

Figure 2. c/aratio vs. europium conter)(in Eu-doped Ba aluminate phase |
(y = 0) and BaA{;04¢N (y = 1). The samples were fired at 1973 K for 2 h.

Figure 3. SEM photograph of Eg4Bagy oAl 1,0,¢N powder phosphor synthe-

sized at 1973 K

maximum percentage of Eu-incorporation in Balumina is in

0.04

for 2 h.

L T
0.08 0.12
europium content (x)

betweernx = 0.15 and 0.4.
Scanning electron microscopy (SEM) pictures reveal that theclear from Fig. 6 that the luminescence behavior of Eu-doped Ba

powders of all Eu-doped B@-alumina’s consist of hexagonal

T
0.16 0.20

Figure 4. SEM photograph of commercial BAM powder phosphor.

have a more uniform grain size distribution compared to the samples
synthesized in this work.

As expected on the basis of the SEM pictures the grain size dis-
tribution of commercial BAM is indeed narrower than of the other
Eu-doped BaB-alumina powders (Fig. 5). These differences are
ascribed to fluxes, used in the synthesis of commercial BAM to
obtain a more uniform powder morphology, and that after-treatment
was applied to obtain a narrower grain size distribution.

Luminescence propertiesThe luminescence properties are
only determined for the single-phase materials but not for the sam-
ples with high Eu-concentrations € 0.4, 0.7, and 1.0).

In Fig. 6 the emission and excitation spectra are shown of Ba alu-
minate phase |, BaAJO;¢gN, and BaMgA| 0, substituted with Eu
(x = 0.1). In all emission spectra of the samples fired for 2 h at 1973
K, except for commercial BAM, a very small amount ofEemis-
sion (around 610 nm) is observed. This indicates th&t Eam the
Eu,0, starting material is not yet completely reduced t&'Eu

The most striking difference in the emission spectra is the pres-
ence of a shoulder in Eu-doped Ba aluminate phase | and
BaAl,;0,¢N and the absence of this shoulder in the spectrum of Eu-
doped BaMgA{O,; (Fig. 7). This is in accordance with our previ-
ous result$8 The differences in emission spectra between Eu-doped
Ba aluminate phase | and BaMg4Q®,, were reported earliéf It is

aluminate phase | and BaAD¢N is only slightly different. This

shaped platelets (Fig. 3 and 4). The powder morphology of the comindicates that nitrogen is not coordinated to europium which we have
mercial powder BAM is more regularly shaped (Fig. 4) and seems tindeed proved by neutron diffracti®The significant influence of

-
2

3 8 & 8 8 d ¢ 2

19

Undersize ( X (n 'weignt )

lins

)
0.1

Redian sizs

t

§.31 microns

10

diameter (mis 2y’

Undersize ( X In weight )

9.1 1 U

Median size 5 $.43 microns

diamete- ‘micrans!

Figure 5. Particle size distribution, as observed by laser diffraction, glyEBag g3l 11016.5dNo 55 Synthesized at 1973 K for 4 h (left) and commercial BAM

(right).
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W BaMgAl O._-Eu 100 - Eux(0.83+0.17y)Ba(1-x)(0.83+0.17y)AI11°17.33-1.33yNy
10717

= 7 [T BaAl“OmN:Eu

2 . 90 ~ o

N ) C Ba aluminate phase I:Eu v LA

[} -

c B =/

[ — A

£ ® 80 -

° c

b ]

k] L2 704

a a —m—y=12hrs

E | 2 =0,2h

5 4 60 4 .a..y=0,2hrs

z N >‘P x y=1,x=0104hrs

A T 35 . o y=0,x=0.10,4 hrs
T T =T T T 50 4 B
200 300 400 500 600 700 v Eu,.Ba  MgA, O 4hrs
P 11°%,
Wavelength [nm] 1 o Commercial BAM

. L o o 40 T
Figure 6. Emission spectra for 254 nm excitation and excitation spectra (a 0.00 0_64 oba oTz 0.16

emission wavelength with maximum intensity) of various Balumina’s .
substituted with Eux(= 0.1), fired at 1973 K for 4 h. europium content (x)
Figure 8. UV-absorption (254 nm) of various Eu-doped [Balumina’s as a
L . ) o function of the europium content)(

coordination with N~ ions was shown for a similar luminescent ion

(Ce) in Y-Si-O-N host lattice4® The presence of the shoulder

indicates the presence of two Eu-sites in Eu-substituted Ba alumi- As expected from the Lambert-Beer law for direct excitation of
nate phase | and BaADygN. In a subsequent paper we focus on the the Eu center, the calculated ratio between the absorption coefficient
luminescence properties of the two Eu sites in BN and the  and scattering coefficient of Eu-doped Ba aluminate phase | is lin-
possibility of energy transfer between them and compare this to Baarly dependent on the europium content and intersects the zero
aluminate phase | and BaMggyD, 7. #* point (Fig. 9). However, the linear curve of tgratio for Eu-doped

The emission wavelength at maximum intensity of Eu-doped BaBaAl;;0;gN does not intersect the zero point but crossey thes
aluminate phase | shifts to higher wavelengths with increasingat a value of about 0.15 (Fig. 9). This is caused by the host-lattice
europium content (Fig. 7), which is caused by an extended intensitgbsorption. Thed/s value ofx = 0.01 is about 0.3 for Eu-doped
of the shoulder. The emission wavelength of maximum intensity o8aAl;;0;¢N, indicating that at this concentration about half of the
Eu-doped BaAl;0;gN only increases for low Eu concentrations.  photons is absorbed by the host-latti#ls & 0.15) followed by non-

As expected, the UV-absorption becomes larger with increasingadiative losses. This corresponds very well with the quantum effi-
europium content approaching an asymptotic value of about 90%iency for this material that is also about half of the maximum value
(Fig. 8). The UV-absorption of the Eu-doped samples fired for 4 h igobserved for Eu-doped BaAD;gN (Fig. 10).
higher than that of Ba aluminate phase | and B@&EN with the The largea/s ratio of Ei;Bag MgAl,40,7; and commercial
same Eu concentration &f= 0.1 which are fired for 2 h. This is BAM is ascribed to the larger particle size of these powders, result-
ascribed to the longer firing time (4 h instead of 2 h) resulting in aing in a smaller scattering coefficient and thus in a laageratio
slightly higher particle size. The UV-absorption of commercial when the samais assumed. This also holds for the Eu-doped pow-
BAM is higher, which is caused by the smaller fraction of grainsders withy = 0 andy = 1 as is shown in Fig. 9.
below 2um. In the laboratory-made powders a significant number  In general all samples show high quantum efficiencies (Fig. 10).
of the particles is smaller tharun resulting in a lower UV-absorp-  The nitrogen concentration does not influence the quantum efficien-
tion due to increased scattering. cy at high europium concentrations: all oxynitride samples with

From the measured UV-absorptiof),(the ratio of absorption varying nitrogen content and substituted with= 0.1 Eu have a
coefficient @) and scattering coefficient)(was calculated using the quantum efficiency around 80% for samples fired for 2 h and about

Kubelka-Munk formul&?2 85% for samples fired for 4 h (Table 1). As is shown in Fig. 10, the
a A2
s 2(1-A 3]
Eu Ba Al O N
4 X(0.83+0.17y) - (1-x)(0.83+0.17y) ' 11 17.33-1.33y 'y
B, 0.83+0.175) B3 10)0.83+0.175)A111C17.33-1.33y Ny °
A
460 - 5 .
v
T 455 / s
(= L -
= - L 2 - ,
o - o 5
8 450 Ao @ —e—Yy=12hrs
g v ..a--y=0,2hrs
—a—y=
E - 14 o y=1,x=0.10,4 hrs
3 - -
g s s -a-y=0 x y=0,x=0.10,4 hrs
£ ;
g .- v EuMBao.gMg/’\ImO17 - v Eu, Baj MgAl O 4hrs
440 o Commercial BAM 0 . o__Commercial BAM
T T T T T L T T
0.00 0.04 0.08 0.12 0.16 0.00 0.04 0.08 0.12 0.16
europium content (x) europium content (x)
Figure 7. Emission wavelength at maximum intensity of Eu-dope@&éu- Figure 9. The ratio of the absorption coefficient and the scattering coefficient

mina’s as a function of the europium contegt The samples are fired for 2 (g/s, at 254 nm) of various Eu-doped Baalumina’s as a function of the
h at 1973 K, Oﬂly EéllBaogl\/lgAl 10017 is fired for 4 h. europium Con[en[xbl
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Figure 10. Quantum efficiency of various Eu-doped Beaalumina’s as a

function of the europium content (x). Figure 11. Reflection spectra showing competitive absorption around

250 nm in BaA{;0¢N.

quantum efficiency of BaAlO;¢N: Eu is reduced at low Eu con- - _

tents. This might be caused by the presence of host-lattice abSOI’pti(%\EIS) rgéaggigtxgg;gif: bLé}g\/bvoé%“%n La, Ce, Nd, Pr, Sm, and

in BaAInOlGN_as is shown by reflection measurement (Fig. 11). The All samples, except commerciél BAM, show short-term depre-
quantum efficiency of EghBay MgAl 10017 |ilower compared 0 ;i STD (Table Ill). TheSTDincreases with increasing nitro-
Ba aluminate phase | and BafO;N with x = 0.1 Eu. The quan- gen content of the samples. An addition&TD test on

tum efficiency of commercial BAM is higher compared to the mate-EUQ15}3(,%0.836\I 106N excited only by 185 nm radiation shows a

”a.ls.Wh'Ch are fired for_ 2h. Itis interesting to note that the quantumdecrease of 4%. Furthermore, the quantum efficiency (254 nm exci-
efficiency of samples fired for 4 h is already equivalent to commer-,

cial BAM, while these phosphors are not optimized indicating thattatlon) of this sample has decreased. This indicates that indeed the

even better values can be expected. Wp+00.15 no concentration 185 nm radiation causes the decrease in spectral output.
. X P : ) The color points of the oxynitride phosphors are more to the
guenching of the luminescence occurs.

Increasing the firing time from 2 to 4 h at 1973 K improves thegreen/white compared to BAM, which is the cause of the higher

guantum efficiency and UV absorption for the oxynitride phosphorslumen output Of. these phosphors (des_plte the lower quantum effi-
(Table 1), making the values comparable to those of commercia |ency). The maintenance tests of the S|r_1gle'-component lamps show
BAM. An increase of the particle size due to the longer firing time is n increase of the color points, (¥) resulting in a change of color
expected, which results in a smaller scattering coefficieand
therefore in a larger UV-absorptioh (see Eq. 3). The improved
guantum efficiency is ascribed to a better crystallinity of the host-lat:
tice and to a full reduction of Btito E\#*, since E&* emission is and emission wavelength at maximum INtensityAy,, o)
diminished after 4 h at 1973 K. o at 254 nm excitation of various Eu-doped B#-alumina’s

The influence of the oxidation test on the quantum efficiency, (fired at 1973 K for 2 h) before and after oxidation test at
UV-absorption, and emission wavelength with maximum intensity is 873 K for 10 min in air. The sample composition is
given in Table Il. It is clear that the quantum efficiency of the sam-  Euy s3+0.1%)B81-x)0.83+0.13)A111017.33-1.33Ny-
ples containing nitrogen is decreased after the oxidation test, whil
the quantum efficiency of the other samples is unaffected. This indi Sample QE (%) A(%)  Nemmax(NM)
cates that the nitrogen containing samples are somewhat affected XY Before After Before After Before After
the heat-treatment in air. Since no weight losses nor peaks a
observed in TGA and DTA measurements, it can be concluded thi 0.05,0

Table Il. Quantum efficiency (QE), UV-absorption (A),

75 79 75 75 447 446

the amount of bulk oxidation is negligible. However the limited oxi- o5 1 78 72 73 73 456 453
dation is strong enough to influence the quantum efficiency and th .10, 0 83 82 83 83 450 450
emission color of the samples. According to the available literaturc  0.10, 1 76 73 84 83 456 456
0.15,0 77 76 88 88 456 456
0.15,1 80 74 87 87 456 456

Commercial BAM 87 86 89 89 451 451

Table I. Quantum efficiency QE) and UV-absorption (A) for
254 nm excitation of various BaB-alumina phosphors doped with

Eu (x = 0.1). (El.1(0.83r0.1%)B30.9(0.83r0.1%)A 11017 33-1.33Ny) Table Ill. Short-term depreciation (combined 185 and 254 nm)
and commercial BAM as well as Ey ;Bay gMgAl 1;04;. Data are of various Eu-doped Bag-alumina’s fired at 1973 K for 2 h.
shown for samples fired for 2 and 4 h at 1973 K.
Ely0.8310.1%)B1-x)0.83:0.1%)A 11017.33-1.33Ny STD(%)
Powder QE (%) A(%) QE(%) A (%)
type 2h 2h 4 h 4 h X =005,y =0 0.2
x=0.05y=1 5.0
Commercial BAM 87 89 — — x=0.10,y=0 1.2
Eug 1Bag gMgAl 14017 — — 73 87 x=0.10,y = 0.17 1.7
y=0 83 81 85 84 x=0.10,y = 0.55 21
y=0.17 80 82 87 84 x=010,y=1 3.2
y=0.55 82 79 85 89 x = 0.15,y = 1 (only 185 nm) 4.0

y=1 79 82 82 84 Commercial BAM 0.0
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Table IV. Color coordinates (X, Y) and lumen output of single component TL-lamps with oxynitride phosphors
(BUg 925Ba(1 10,9284 11016.5No 59 and commercial BAM.
Oh 40 h 80 h
Sample XY Lumen XY Lumen XY Lumen
x=0.10 0.1821/0.1876 240 0.1835/0.1910 223 0.1839/0.1929 156
x=0.15 0.2012/0.2477 318 0.2026/0.2498 282 0.2026/0.2514 196
Comm. BAM 0.1593/0.0873 159 0.1591/0.0899 137 0.1590/0.0907 95

toward green/white luminescence (Table V). Also the lumen outputesults in an increased output in the range 450-530 nm compared to
decreases in time. To take into account the influence of the observegl-doped BaMgAl,O; 7.
shift in the emission color, the lumen output was compared by tak- It is clear that by using Eu-doped barium aluminum oxynitride
ing the lumenY values. In Fig. 12 the lumexivalues are shown as phosphors the CRI can be increased to about 90 compared to 83 for
function of the operation time. The commercial BAM phosphor BAM. The somewhat lower lumen output of these oxynitride phos-
shows the highest lumeénbutput but also the strongest degradation. phors compared to BAM can be ascribed to the lower quantum effi-
Therefore, the difference in luméhdutput between BAM and the ciency of these materials. To take this effect into account we have
oxynitride phosphors becomes less for longer operation times. performed simulations based on the assumption that oxynitride
From the emission spectrum measured for the single-componemthosphors actually tested in the fluorescent lamp have the same
fluorescent lamp (Fig. 13) the CRI and lumen output of a tricolorquantum efficiency as the maximum value achieved for the barium
lamp were calculated using these materials as the blue-emittin§-alumina oxynitride phosphors (Table ). This results in tricolor
phosphors. YO5:Eu was taken as the red and (Ce, Tb)MgBiqas lamps with a calculated lumen output almost equal (88 Im/W) to tri-
the green emitting phosphor as is the case in a commercial tricolarolor lamps with BAM as blue-emitting phosphor (89 Im/W) while
lamp (Philips/85 series, colar= 345,y = 351). The results are dis- the color rendering index improves. A possible improvement in color
played in Table V. The emission spectra of tricolor fluorescent lampsendering index without loss in lumen output was predicted by
as calculated with PHOCAL are depicted in Fig. 13. It is clear fromYamamoto et at* for blue-emitting phosphors by shifting the emis-
this figure that the emission spectrum of a tricolor lamp using Eusion wavelength more to 480 nm. So it can be stated that novel Eu-
doped barium aluminum oxynitride as the blue-emitting compounddoped BaB-alumina oxynitrides are very interesting materials for
use as blue-emitting phosphors in tricolor fluorescent lamps.

Eu Ba Al O __ N Conclusions
2000 - x0.925 " " (1-x)0.925" 11~ 16.59 0.55 . . L .
Novel Eu-doped barium aluminum oxynitride phosphors with the
1800 - . _ B-alumina-type structure were prepared by solid-state reactions. As
—a—x=0.10 expected, the/a ratio of thep-alumina-type unit cell of these mate-
1600 o A x=015 rials decreases with increasing nitrogen and europium content. The

1400

--v--- Commercial BAM

oxynitride phosphors show two emission bands for 254 nm excita-

tion, similar to Eu-doped Ba aluminate phase I. The maximum quan-
tum efficiency of the oxynitride phosphors is about 85-90% just like
commercial BAM. The nonoptimized oxynitride phosphors are more
sensitive to oxidation at 873 K and to short-term depreciation com-
pared to Eu-doped Ba aluminate phase | and commercial BAM.
However, the maintenance of the oxynitride phosphors is better com-
pared with commercial BAM. The oxynitride materials are very at-
tractive for use as a blue-emitting phosphor in tricolor fluorescent

Operation time (hrs) lamps, since the CRI of these tubes increases with preservation of a
Figure 12.Lumenk output as a function of the operation time of single com- high lumen output.

ponent TL lamps containing Eu-doped barium aluminum oxynitride as phos-
phor or commercial BAM.
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800
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0.30
.o EuD OQSBED 833N1 1016.59N0 55
0.25 4 - Euy,.Bay MgAI O
0.20 Table V. Simulated performance of a tricolor fluorescent lamp
3 T as a function of the blue-emitting phosphor. The composition of
< the oxynitride phosphor is Eth g25B8(1-x)0.928A 11016 5No 55
E 0.15 |
5 Calculated Calculated
g 0.10 | lumen lumen
a Calculated output output
005 L Sample CRI (Im/W) (Im/W)
0.00 L Oxynitridex = 0.10 89 82 8
300 400 500 600 700 Oxynitridex = 0.15 91 83 88
Wavelength [nm] Commercial BAM 83 89

Figure 13.Calculated emission spectrum of a tricolor fluorescent lamp con-

taining Eu 0o B8y g3zl 11016.5dN0.55 OF Eth 1Bag MgAIl ;10,7 as blue-emit-
ting phosphors.

aBased on real quantum efficiency measured for these phosphors.
bBased on maximum quantum efficiency achievable for these
phosphors.
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