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ABSTRACT

The growth and properties of undoped and Mn-doped ZnGa+34 thin-fihn phosphors
on (100) MgO and glasssubstrates using pulsed laser ablation were investigated. Blue-white
and green emission were observed for as-deposited undoped and Mn-doped films,
respectively. Luminescent properties as weil as crystaliinity were considerably affected by
processing conditions and film stoichiomeq. Films with enhanced luminescent characteristics
were obtained on single crystai substrates without po~-annealing.

INTRODUCTION

The development of efficient oxide thin-film phosphors has received considerable
attention for use in fieid emission displays, thin-film electrcduminescent devices, and plasma
displays. For these applications, oxide thin-film phosphors offer potential advantages over
sulfide-based materiais due to their stable luminescent properties in high vacuum and absence
of corrosive gas emission under electron bombardment.[1,2] ZnGa204, with a spinel crystal
structure and wide energy band gap of about 4.4 eV, shows green emission when doped with
Mn and blue luminescence without doping via transition of a self-activated center.[3] It has
been suggested that Ml-color Luminescencecould be achieved using ZnGa204 phosphors by
doping various activators like Mn2+, EU3+, and Ce3+.[4] In addition, ZnGa204 is also
potentially usefid as ultraviolet-transp~ent eiect.mconductive oxide after annealing under a
reducing atmosphere at high temperatue.[5]

The emission properties for ~doPed ~d doped ZnGa20q is very sensitive to
preparation conditions with variations in huninescent behavior reported in the literature. For
undoped ZnGa204, YU and Lin [6] repofied hat cathodoiuminescence (CL) spectra for
ZnGa204 showed an emission shifting born the uhraviolet(UV) (349 run) to the blue (457nm)
regime as the mixing of ZnO and GaQ varied from 1: 1 to 1.3:1. Itoh et aI.[3] measured the

~ maximum of the gallate band in the CL spectra to be at 470 nm at room temperature. Hsu et
al. [7] showed a broad-band photolumtiescence(pL) emission extending t?om 375 to 700 nm
with a maximum emission peak at 470 ~ Uder an excitation wavelength of 254 nm.
Fluorescence at 432 nrn has also been reported by Jeong et al. [8] In the case of Mn-doped
ZnGa204, emission at 508 and 666 run were reported for different firing conditions by Yu and
Lin [6]. Therefore, an ~derstanding of how processing conditions ailect the microstmcture
and huninescent properties of ZnGa@4 phosphor is essentiaito obtaining hi@ performance
thin-film phosphor materials. lMoreover, there h~ been few reports focusing on the emission
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behavior of ZnGaz04 thin-film phosphors. In this study, we are investigatingthe growth and
luminescent properties of un-doped and Mn2+ doped ZnGazOqthin fihns using pulsed laser
ablation.

EXPERIMENTS

Pulsed-laser deposition (PLD) was used to synthesize the undoped and Mn-doped
ZnGazOQfilms. Un-doped and doped with 0.5% Mn polycrystalline 1 inch dia. ZnGazOQ
ablation targets were prepared by mixingand pressing ZnO [Alf& 99.999S’%0]Ga203[Alf~
99.999’?40]and M.@z[Alf~ 99.999?40]powders, foilowed by sintering in air at 1250 ‘C for 24
hours. Three different types of targets consisting of 1) a single ZnGa20gand ZnGa204:~ 2)
the area portion of ZnGazOg(or ZnGa204:Mn)/Zn0 of 75’Yo/25?40(mosaic I) and 3) 50/50%
(mosaic II) targets were used.

The films were grown using an excimerKrF laser with a wavelengthof 248 nm. The
laser fluence was approximately 3.3 J/cm2 and the repetition rate used was 10Hz.
Approxirnateiy 200-300 nm thick films were grown at temperatures rangingfkom400 to 700
“C with an Ar-02 gas mixture. The oxygen content was varied from Oto 100 vol% with the
total chamber pressure ranging from 60 to 100 mTorr. (100) MgO singlecrystal and Corning
7059 glass were used.as substrates. Crystal structure was investigated using x-ray diffraction
(XRD) witi CuKa radiation (0.15406 nm wavelength). Compositional analysis was
performed by energy dispersive x-my spectroscopy (EDX). The photohuninescence (PL)
spectra were measured at room temperature using a broad band incoherent W light excitation
source with a dominant excitation wavelengthof 255 nm.

RESULTS AND DISCUSSION

Cation Stoichiometry
Figure 1 shows the composition~ variation of the fihns deposited using the various

types of targets and deposition conditions. Significant Zn loss was observed in films
deposited from a stoichiometric sin@etarget due to the high vapor pressure of Zn as that of
Ga. To compensate for the Zn deficiency in the films, mosaic targets consisting of various
ZnGa20.4(or ZnGa20d:Mn)/Zn0 surface area ratios were used. For any given target selection,
the ratio of Zn/Ga decreased considerablywith increasing substrate temperatures. The loss of
Zn in the fihns at elevated temperature has been reported by several researchers. Hsieh et al.
[9] obtained rfnmgnetron sputtered ZnGa20dfilms ~th Zn/Ga ratio of 0.28 at 600 ‘C. Lee et
aL[lO] also reported that Mn-doped ZnGa204 thin fdm with the ratio of 0.12 was obtained
using a stoichiometric target.

Increasing the oxygen parti~ presswe dtig deposition significantly reduced the Ioss
of Zn in the films. Ablated species consist of metallic ZL Ga and Zn-0, Ga-0, and Zn-Ga-O
molecdes. The metallic Zn is more Ifiely to evaporated tiom the heated substrate than other
species due to its relatively highervapor pressure. Introduction of additional oxygen content
will produce more Zn-O molecules~ugh g=-phase collisions of Zn species with o~gen.
This process lessens the probability of resorption of Zn species from the substrate and
resuh.s in the incorporation of more h iII the ~. Note that near stoichiometric ftis were
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“ attained at the substrate temperature of 600 ‘C or higher under Po2=60 mTorr and total

pressure of 100 mTorr with the 02/Ar ratio of 3:1.
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Fig.1.Variation of Zn/Ga ratio in znGazOq fi~s with various types of targets and
substrate temperatures.

XRD Results for ZnGa:Qi Thin Films
Epita.xiai fiIms were obtained on (100) MgO single crystal substrates under proper

growth conditions. The lattice mismatch between ZnGazOq (a=O.8335 run) and MgO
(a=O.4211 nrn) is about 1’Yo. The x-ray &2# scan in Fig.2 (a) shows the crystalline
orientation for an epitaxial films grownon(100) MgO at 700 ‘C using a mosaic 11target under
P02 of 60 mTorr. Randomly-oriented poiycrystailine films with poor crystallinity were
obtained on glass substrates under similar conditions (Fig.2 (b)).
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Fig. 2. X-ray 6-26 scans ZnGazOq films deposited on (a) (100) MgO single crystal rmd
(b) glass substrate.
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PhotoIuminescence of ZnGa@& Thin Films
Typicai PL spectra for Z~GalOdpowder, asdeposited epitaxial films on (100) MgO,

and randomly-oriented poiycrystalline films Onglass substrates are shown in Fig. 3. Different
PL characteristics was observed for the different types of materiais. The powder, epitaxkd,
and polycrystalline fihn emissions appear blue, blue-white, and green-white, respectively.
Powders exhibit a broad-band emission extend& from 415 to 700 mq peaking at 436 nm
while the epitaxial film reveals a more broad-bandemission extending from415 to 700nrn with
a maximum emission peak at 479 run under the excitation wavelength of 255 nm. The
emission for the polycrystalline films on @ass substrate shows much lower PL intensities.
This appears to be reiated to crystabity, although a chemieai reaction between the @assand
film can not be ruled out. Emissions lower than 415 nm could not be measured due to the
limitation of the measuring system. These results dtier somewhat flom that previously
reported in the literature. It is reported that”CL spectra of ZnGa20d reveai a peak at 457
mn[6] or 470 nrn[3,9] while the PL peak is located at 432 nm[8], 450nm[l 1] or 470-490
nm[3,7]. A peaking at about 436 nm is ascribed to the 72 + 4A2transition in the octahedra
structure. [6] The shifl in emission to about 450 and 470 nrn is not clearly understood. The
PL spectra for the fihns on (100) MgO substrates appears to be composed of several
overlapping emission bands. Preliminary deconvoiution reveals three peaks at wavelength of
about 436, 457 and 480 nm.
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Fig. 3. PL emission spectra of undoped
ZnGazOd powder, epitaxkd fti on (100)
MgO single crystal, and poiycrystalline
film on glass substrates. Powder intensity
divided by factor of 10.
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Fig. 4. PL emission spectra for ZnGazOq
films on (100) MgO substrates at 650 “C
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Fig. 4 shows the PL emission spectra of ZnGazOqfilms on (100) MgO substrates at

650”C using a mosaic 11Wget under different P02. By decreasing the ratio of Oz/Ar,the PL
intensity at 436 nrn become comparable to that of 480 nrn and the emissions shift to shorter
wavelength with reduced integrated PL intensities. This behavior might be‘ascribedto Zn
deficiency in the films with decreasing oxygen partial pressure. Similar behavior has been
reported by Yu and Lin[6]. They report that the emission from ZnGa204 thin films shifts to
shorter wavelength gradually horn 470 to 360 t& with decreasing Zn/Ga ratio in the films.

The reduced integrated PL intensities resuh flom the formation of Ga203 in the fiIms. We
obsened a weak di.t%actionpeak of Ga20J in the films deposited at pC)Z/’PM=3:1 and2:3 with
P~Ot=60mTorr. The relative intensity of the GazO~phase increased with ciecrming Poz/P@
correlating with Zn deficiency in the films. Note that the emission at 480 nrn is predominant
over that at 436 nm in the spectra for the films deposited at 680 ‘C or lower. The tilm grown
at 700 ‘C has a PL spectrum composed of comparable emission bands at 436 nm and 480 nm.
This resuh indicates that brighter and more bluish luminescence can be attained through
controlling the substrate temperature and oqgen content precisely. In this study, the film
deposited at 700 ‘C or I@her and oxygen pressure of 100 mTorr reveals enhancedblue-white
photohuninescence as shown in Fig. 5. To compare the spec~ the emission for the fiims
deposited at 650 “C under P02 of 60 mTorr is inserted.
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Fig. 5. PL emission spectra for ZnGa@~ Fig. 6. PL emission spectra for 0.5% Mn

fiims on (100) MgO substrates. doped ZnGa20q fdrns on (100) MgO and
glass substrates.

Photoiuminescence of Mn-do~ed ZnGa2A&Thin Films
Figure 6 shows PL spectra for lvfn-do}edZnGa20Qthin films on (100) MgO and glass

subs-tes. The fi~ efibit a narrower band emission extending flom 470 to 580 nm, peaking
)
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. - at about 506 nm. The emissionband is primarily attributed to the transition ~1+ ‘Al of the
3d electrons i-nthe M112+ion which occupies the fotiold coordinated Zn position in the host
materiai lattice.[12] The fidl-width-tif--w- of the spec~ was about 35
mn, compared to that of undoped ZnGa20q at about 180 nm.

CONCLUSIONS

Luminescent undoped and Mn-doped ZnGqOQthin-film phosphors were synthesized
on (100) MgO and glass substrates using pulsed laser ablation. The emission for ZnGa204thin
films exhibits a broad-band emission extending from 415 to 700 mq peaking at about 436,
457, and 480 nrn dependent on growth conditions. Mn-doped ZnGa204 shows a narrower
emission band ranging horn 470 to 580q peaking at 506 nm. The Zn/Ga ratio governs both
crystailinity and luminescent characteristics, and was signii3cantly affected by substrate
temperature and o~gen pressure. Epitaxial films with good luminescence properties were
obtained on single crystal substrates without post-annealing by controlling the processing
conditions precisely.

ACKNOWLEDGMENTS

This research was sponsored by the oak Ridge National Laboratory, managed by
Lockheed Martin Energy Research Corp., for the U.S. Department of Energy, under contract
DE-AC05-960R22464.

REFERENCES

1.

2.
3.

4.

5.
6.
7.
8.
9.

A. VechL D. W. Smi~ S. S. Chadh~ and C. S. Gibbons, J. Vat. Sci. Technol. B12, p.781
(1994).
S. Itoh, M. YoIoyarn~ ~d K. Morimoto, J. Vat. Sci. Technol. A5, p.3430 (1987).
S. Itoh, H. Toki, Y. Sate, K. Morimoto, and T. Kishino, J. Electrochem. Sot. 138, p. 1509

(1991).
N. M. Kaikhorq D. A. Trivedi, W. D. H~verso~ and S. M. Vernon in Flat Panei

Display III, edited by R. T. FuIks, G. N. p~ons, D. E. SIobod~ and T. H. Yuzuriha
(Mat. Res. Sot. Symp. Proc. 47I, San Francisco, CA 1997), p.293-298
T. Oma@ N. UedZ K. Ued~ and H. Kawoe, Appi. Phys. Lett. 64, p.1077 (1994).
C. F. Yu and P. Lin, J. AppL Phys. 79, p.7191 (1996).
K.-H. HSWM.-R. Yang, and K.-S. Chem J. Mater. Sci.-EL. 9, p.283 (1998).
L-K. Jeong, H. L. Park, and S.-I. Wo, Solid Smte Commun. 105, p.179 (1998).
I. J. Hsiek M. S. Feng, K. T. Kuo, ad p. Lb J. Ekxmnchem. Sot. 141, p.1617 (1994).

10. Y. E. Lee, D. P. Norton, and J. D. Bum, Appi. phys. Lett. (unpublished).
11. L. E. She%R. K. Dau and J. J. Brow Jr. J. El@rochem. Sot. 141, p.1950 (1994).
12. T. K. T- W. ParlGJ. W. To- B. K. w~er, S. M. Jacobse~ C. J. Summers,P. N.

Yocom, and S. K. McCelIan~ J. Appi. phys. 78, p.5691 (1995).


