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Manganese-activated zincgallate {2dn,G&04) phosphor as a green phosphor was readily prepared by co-
precipitation in aqueous basic solution of metal salts. The obtained product converted to amorphous zincgallate
even at 300C, followed by crystallization at 100C. The pyrolyzed phosphor showed fine particle, then re-
duction treatment at 90 changed into homogeneous shape with slight grain growth(particle size less than
0.5 um). The photoluminescence characteristics of the zincgallates have been investigated as a function of
dopant concentrations, reducing atmospheres and temperatures. Under UV excitation the phosphors displayed
the highest green emission efficiency at 504 nm when the specimen oxidized #2@0reduced at 90C

in a mild hydrogen atmosphere (97% R%H,) with a flow rate of 200 ml/min.

Introduction ration of multicomponent ceramic oxides, since a homo-
geneous mixture of the several component at a molecular
Various emissive phosphors are used in most display tectevel can be easily reached in solution. In addition to greater
nologies, including electroluminescent, cathode ray tubehomogeneity and purity of the product, the sol-gel method
field emission, plasma and liquid crystal, as direct light emit-allows a low processing temperature and morphological
ters or as illumination sources. The performance of displagontrol of a uniform crystalline-particle size at superfine
products depends upon phosphor efficiencies, spectral distrdimension. To the best of our knowledge, there has been sur-
bution, long-term stability and electrical characteristics.prisingly no work on the simple sol-gel techniques to syn-
Often there are constraints of emissive materials that limithesize the zincgallate phosphor with high homogeneity and
improvements in displaysParticularly, the phosphors for crystallinity at low temperatures.
plasma displays need a breakthrough in luminous efficiency, In the present work, we report the successful synthetic
greater long-term stability in a gas plasma, and better thickroute of zincgallate by coprecipitation in aqueous basic solu-
film deposition processés. tion of metal salts, and its pyrolytic conversion to inorganic
Zincgallate itself shows blue emission with relatively low oxide. And the photoluminescence of the phosphor prepared
efficiency while manganese-activated zincgallate is an effi-at various conditions is also evaluated to optimize its emis-
cient green emitting phosphor for field emission displaysion performance.
(FED) which is emerging as a potential substitute to the
present liquid crystal display (LCD) technologies with low Experimental Section
profitability.® It is known that stability of the phosphors in
high vacuum and the absence of corrosive gas emission Synthesis Phosphors with the general formulariZn
under electron bombardment offers advantages over sulfid@a0. : Mn, have been prepared by using the precipitation
phosphors commonly used for vacuum fluorescent dismethod as shown in Figure 1.
playl-34 The raw materials (x) mol% Zn(NQ).H.O (Aldrich,
Much work has been concerned physical mechanism 099.999%), 2 mol% Ga(N§pH.O (Aldrich, 99.9%) and
the luminescence and phosphorescence in zincgallate phognol% Mn(CHCOOY), (Aldrich, 98%) as a dopant were dis-
phors. In the literatures, green emission results from the sulsolved stoichiometrically by stirring in distilled water or eth-
stitution of Zri?ions with M2 onesin spinel structure of  anol-water mixture (90:10 vol.%) at room temperature.
zincgallate. ZnMnxGa0O4 both as an activator and host-to- Then ammonium hydroxide was added into the solution for
activator sensitized phosphor absorbs energy from electroprecipitation until the solution finally reached a pH value of
beams, followed by energy transfer to Nfemission center  7-7.5.
to emit light. In addition, it has been known that the essential After aged for hours, this suspension was heated in a
requirements for low-voltage cathodoluminescent phosphorsotary vacuum evaporator to remove solvent atG0fol-
are low resistance and low threshold voltage as well abbwed by drying at 80°C. The slurry product displayed
excellent crystallinity:6 white color while the slurry obtained under pH ~9 showed
Zincgallate powder has been prepared from zinc oxide angdink color. The slurry product was completely dried when
gallium oxide by conventional solid state reaction, sinteringheated to 300C using a heating mantle. The prepared raw
at 1200°C for highly extended heating timé&$.In this con-  phosphor powder was finely ground for calcination at 500
text, sol-gel process is an attractive synthetic route for prep&cC-1000°C for 3 hours in a muffle furnace under air atmo-
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Zn(NOs); - ;0 + NNH4(OH) -
| GaNOy): - HiO_ Mu(CH;CO0): - H:0 Zn :MnGaO, + ' NHsNOs + X CHsCOOH
[

It is known that zinc nitrate is readily hydrolyzed to

Mixing - I"o:);‘;::il X::r Zn(OH) while gallium nitrate mainly converts to its
. R hydrous oxide, GaOOH, in aqueous basic solution. And also
Sol < |  Add NH,0H conversion between GaOOH and Ga(@id)similar to the
- aluminum analogues of boehmite (AIOOH) and bayerite
E\/]Xt SO;C IFotz:;y (A|(OH)3)8
s FYAROTEOL I TR During the hydrolysis of two nitrates, subsequent conden-
i sation between two metal hydroxides may lead to coprecipi-
S . ;
o [ At 80T Rowry tated products with hydrox (-OH-) or oxo (-O-) brid§es.
e  Evaporator in Vac. However, when the precipitated product was washed with
NH“NOJ — A0 distilled water to eliminate ammonium nitrate, it always pro-
Evaporation “ | in Heating Mantle duced the zincgallate containing excess ZnO which is
‘ ] ] known to give low luminescent propetylt may indicate
pvss | <] o that gallium oxide derivatives are more soluble in water due
Atmosphe; to slow reaction kinetics compared to zinc derivatives. Thus,
_ i the solvent drying process was applied for obtaining stoichi-
Reduction - N;’:’ i( thr 1 ometric products without loss of less reactive species. Alter-
n 2 mosphere

natively the ammonium nitrate could be washed off from the
stabilized product treated above at least®00

Thermal properties of the slurry product was determined
Figure 1. Overall synthetic route for preparation of 1ZKin,- by using DTA/TGA as shown in Figure 2. It is appeared that
Ga0, phosphor. the broad endothermic peak at 1@is attributed to the
dehydration of the slurry. The pronounced endothermic peak
pear 150C is attributed primarily to evaporation of ammo-
nium nitrate as a byproduct, corresponding to weight loss of
E% in TGA curve. The presence of ammonium nitrate was
also confirmed by X-ray diffraction of the powder sublimed
on heating the slurry to 30C. It is believed that the sharp
exotherm at 300C indicates the pyrolytic condensation of
residual metal salts or hydroxides in air, involving a weight
loss of 10%. The broad exotherm in the temperature range
500-900°C is related with crystallization of zincgallate with-
out further weight loss.
The structural evolution of zincgallate treated at various

sphere. The reduction of the calcined phosphor was pe
formed using a tube furnace in a mild reduction atmospher
containing 97% M and 3% H(N/H,). The samples were
heated for a period of one hour at 8091000°C with vari-
ous flow rate. The flow rate was controlled by LINDE (UCC
P/N FM 4332 unit milliliter/min) gas flow meter.
Characterization. The phosphors were characterized
by x-ray diffraction analysis using a Rigaku Model DMAX-
33 X-ray diffractometer with Cu-¥ radiation operating at
35 kV, 15 mA, and 4of 26/min scanning rate. The morphol-
ogy of the phosphor was observed by scanning electron
microscopy (SEM). Thermal decomposition and phase
transformation of the intial product were monitored with a oTA
SHIMADZU DTA 50 and TA instruments TGA 2050 Ther- "ee.00
mal analyzer in dry air at a heating rate of°Cdmin. The
photoluminescence (PL) measurements of the prepare
phosphors were conducted by using a spectrometer (Spe
1404P) photoluminescence measurement system. Sampl
were packed in a NMR tube (Aldrich) and excited with 325

nm laser radiatiohfrom HeCd laser (Omnichrome 41, 40 ' -

mW). The emission wavelength was monitored from 35C S
nm to 650 nm (Slitwidth=2 mm, Integration time =1
msec.) using CCD array detecter (Spex Spectrum One, 18( <
gr/mm resolution) at room temperature. w

Results and Discussion

BITGA 85

Synthesis Overall reaction of metal salts could be sum- -100.00
marized as the following equation;

0 200C 400C 600C 800T 1000°C

Figure 2. Thermal properties of the precipitated slurry produ
(1-X)ZNn(NGs)2 + 2Ga(NQ)s + XMn(CH3COO) DTA, b) TGA.
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Figure 3. Powder X-ray diffraction patterns of ZgMnyGaOs
treated at a) 308C, b) 500°C, c) 800°C for 7 hours in air, )
followed by reduction at 90%C for 1 hour.

temperatures was determined by powder x-ray diffractiorgigure 4. SEM morphology of ZnMnGaOs powders ¢
patterns as shown in Figure 3. Interestingly, the specimepyrolyzed at 1000C in air, and b) reduced at 980 in a N/H.
annealed only at 30 already displays the diffuse diffrac- atmosphere.

tion corresponding to amorphous zincgallate. As the struc
ture is heated to higher temperatures of 800crystalline
phase begins to develop the diffraction pattern with narrowe 800- < R
width, indicating grain growth. Extended heating at 1@D0 :
for 7 hr produced a pure single spinel phase of zincgallate
On the other hand, reduction treatment of the phosphor
1000 °C results in the formation of zincgallate including
excess G#Dsdue to evaporative loss of ZnO at the high tem-
perature, as reported by other wkkelt was observed even
at 900°C with less extent of crystalline &ae.

The morphology of phosphor powder was observed by :
SEM photograph in Figure 4. The product pyrolyzed at 100( 0
°C shows finely agglomerated patrticles. And the phospho — ——
reduced by klgas at 900C changs into homogeneous shape 35 400 450 500 550 600 650
of larger particles with slight grain growth (less thanarb : nm
in diameter), but reduction at 1000 leads to sintering of Figure 5. Photoluminescence spectra of 2Mn,Ga0, (x=0.00¢
powder. mole%) treated at 1008 in air and subsequently reduced ¢

PL Measurement Zincgallate (ZnG#Ds) is well-known 800°C, b) 900°C, c¢) 100C°C under N/H» gas with a flow rate
as a blue emission phosphor which has a spinel structut00 mi/min.
with all of Zn*2ions in tetrahedrallg) sites and Gdions in
octahedral ©Qr) sites!? It is well known that it converts to a dopant. Figure 5 shows the emission spectra afx-Zn
green emission phosphor by the introduction of manganesein,Ga0O,(x = 0.005 mol%phosphors which was treated at
dopant*® The substitution of Zi (rz,*2= 0.74 A) by M2 1000°C in air and subsequently reduced at various tempera-
(rwn*2=0.80 A) shifts the emitted light to yellow due to dis- tures in a WH, gas flow rate of 100 ml/min. The prepared
torted Ty sites!? It has been reported that the ZaGadoped  specimens of ZnMnGaO, exhibit green emission at 504
by 0.005 mol% or 0.006 mol% Mn showed excellent greemm which is consistent with previous repértsThe phos-
emission properties? phor reduced at 90 displays the strongest green emission

Thus, we determined the luminescence properties of thmtensity while the ones reduced at 8G0and 1000C show
phosphors doped with the same concentrations of Mmelatively weak emission spectra. It may imply that most
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Figure 6. Emission intensity of ZnMn,G&0O, (x=0.006 mole%) 350 400 450 500 550 600 650

as a function of MH- flow rate when reduced at 900 for 1 hour. nm

Figure 7. Emission spectra of ZeMnxGa0O4 (x=0.006 mole%
highly oxidized manganese (lll, 1V) species formed duringprepared by hydrolysis in a) distilled water or b) ethanol-
oxidative pyrolysis* could not be reduced at 88D to Mnt2 (90 : 10 vol.%) solution.
in the four-coordinated position of the spinel struckdre.

However, inhomogeneous grain growth at 1000led to  solution. It means that the conditions for post-treatments
weak green emission. In this point, it is noteworthy thathave dominant influences on photoluminescence of the
homogeneity of fine particle phosphor is required for highphosphors prepared by the coprecipitation method.
emissior? On the other hand, unsymmetrical shape of emis-
sion spectra was observed presumably due to exceSs Ga Conclusions
ions which cause a high vacancy concentration. The vacancy
defects would perturb randomly the atomic configuration The pure ZpMnGaOsas a green phosphor was readily
and the associated crystal field surrounding the2Nbms.  prepared by the coprecipitation of two nitrate in aqueous
Consequently, the ground level and excited level of the optibasic solution. Furthermore, the homeogenous precipitate
cally active electrons in MAions tend to spread, leading to was pyrolyzed to form well-crystalline phosphor at compar-
shape of the obtained spectra. atively low temperatures (<100Q) while the conventional

When the phosphors pyrolyzed at 10G0wvere reduced at  method from GgD; and ZnO powders is required to anneal
900°C for 1 hour under various flow rates of the mixed N at 1200°C. And when the oxidized samples at 1800vere
H. gas, Figure 6 shows effect of the flow rates on the emisreduced by the mixed M, atmosphere at 90C in a flow
sion behavior of ZpMn,Ga04 (x: 0.006 mole%). It was rate of 100 ml/min, the phosphors show the highest emission
confirmatively observed that the un-reduced phosphoefficiency at 504 nm. Particularly, this work proved that the
showed only tiny green emission intensity at 504 nm. Anchewly developed method could replace the conventional
second firing in mild hydrogen atmosphere changed fronmethod with considerable reliability on luminescent proper-
peach body color to white. The emission intensity of theties.
phosphor generally tends to increase as the flow rate
increases. That is, the specimen reduced at a flow rate of 100 Acknowledgement
ml/min shows outstanding emission intensity while the ones
reduced at 130 ml/min obviously decreases emission inten- This program is sponsored by the Ministry of Science and
sity. The former condition may fully activate luminescent Technology in Korea and also thanks to Dow Cornig for it's
property by reduction of the highly oxidized Mn species.partial financial support.
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