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Optical characteristics of undoped and
Mn doped ZnS films

KI HYUN YOON, JUNG KEUN AHN, JOON YEOB CHO
Dept. of Ceramic Engineering, Yonsei University, Seoul, 120-749, South Korea

Undoped and Mn doped ZnS films were prepared in the temperature range 250-350°C by
the spray pyrolysis technique. As the deposition temperature increased, the optical
transmittance and the intensity of blue emission in the ZnS film were enhanced due to the
decrease in the Zn/S ratio. By adding the manganese ion up to 7 at.% in the mixed solution,
the orange-yellow emission of the films was enhanced. But the concentration quenching
effect resulted in the decrease of the emission at higher concentration of the manganese
ion. © 2001 Kluwer Academic Publishers

1. Introduction tion [2]. The mixed solution was sprayed through the
Nowadays, large-area display devices are considerel@lyrex glass nozzle and carried to the substrate by ni-
as a promising idea to motivate the research for the flatrogen as a carrier gas at a fixed flow rate ofl Afin
panel display. A systematic study of the luminescences shown in Fig. 1. The single crystal (100) silicon and
of ZnS: Mn layers has been continued to investigatecorning glass were used as substrates. The substrate
for the phenomenon of electroluminescence. The llbtemperature was varied from 250 to 380 The thick-
VIb compound such as zinc sulfide is used as a hostess of the film was about 40@0
matrix for the luminescent devices because of the wide The films were subjected to the structural analysis
band gap43.7 eV), good quality of the optical trans- by X-ray diffractometer (Philips PW 1710). The quan-
mittance, and low scattering in the visible and infraredtitative compositions of the films were analyzed by en-
region [1]. Luminescent centers incorporated into theergy dispersive spectroscopy (EDS, S-2700, Hitachi).
host matrix as the dopants should have the deep energyansmission (%) of the films was obtained in the
levels and high driving voltage stability. The transi- range of 400—8000 crt from the measured absorption
tion elements, rare-earth elements, and fluorides wereata of IR spectra by Fourier transform infrared spec-
reported as the activators. Among them, the’Mion  troscopy (FT/IR-300E, Jasco, Japan). Transmittance of
with similar ionic radius and same charge wit’Zion  the films was characterized in the wavelength range
can be the efficient luminescent center of ZnS films. from 200 to 800 nm by UV-VIS-NIR spectrophotome-
The Spray pyrolysis technique involves a thermallyter (UV-VIS-NIR recording spectrophotometer, UV-
stimulated chemical reaction between clusters of the&100, Shimadzu). The room temperature photolumi-
liquid/vapor atoms of different chemical species [2]. nescence spectra were measured by spectrofluormeter
Since Foex [3] obtained conducting transparent oxidesvith excitation wavelength of 320 nm monochromatic
from the SiC} solution, various thin films and bulky light from 150 W Xenon lamp.
powders have been achieved. In this work, the undoped
and Mn doped ZnS films were prepared from the solu-
tion of zinc chloride, thiourea, and manganese chloride3. Results and discussion
tetrahydrate by spray pyrolysis technique. The strucThe cubic phase sphalerite structure was obtained in
tural, compositional, and optical characteristics of thethe ZnS films deposited at 250-380 As shown in
films were investigated as a function of the depositionTable I, The compositional analysis of ZnS films by
temperature and content of the manganese ion. EDS showed that there was higher chlorine concentra-
tion in the film deposited at 25C than the others. The
ZnS film deposited at 25C contained about 6 at.%
2. Experiment chlorine, but the ZnS film deposited at 3&0contained
ZnS and Mn doped ZnS films were prepared from aonly about 0.15 at.% chlorine. It was considered that
mixed solution of 0.7 M zinc chloride and thiourea high concentration of chlorine was remained in the
ethylalcohol. Mn doping was processed by adding thdilm prepared at low substrate temperature because of
manganese tetrahydrate in the mixed solution with aurface cooling effect resulted in insufficient thermal
concentration range from 0 to 20 at.%. A few dropsdecomposition of ZnGland intermediate compounds
of hydrochloric acid were added to the solution to dis-[2, 4, 5]. Fig. 2 shows the IR spectra of ZnS films de-
solve some precipitates resulting from the decrease gfosited at 250-35€ in the range of 1300-5000 crh
pH on adding manganese chloride to the mixed soluThree absorption peaks were observed in 1500-1900,
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TABLE | Compositional analysis of ZnS films deposited at 250

300°C and 350C characterized by EDS

Deposition
Temperature Zn (at.%) S (at.%) Cl (at.%) Znl/S
250°C 51.01 43.13 5.86 54.19
300°C 52.70 44.69 2.61 54.11
350°C 52.74 47.11 0.15 52.82
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Figure 1 Schematic diagram of setup for spray pyrolysis.
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Figure 2 IR spectra of ZnS films deposited at 28) 300 C and 350C.

2700-3100 and 3100-3700 tfnand their intensities

were reduced with an increase of deposition tempel
ature. The peaks in the range of 1450-1950tm
corresponded to an absorption by the vibrations o
C=C and &GN bond, and the peak in the range
of 2700-3100 cm! was from an absorption by the
mainly hydrogen stretching vibration with the other

elements. In the range of 2850-3000 @mnC-H vi-

bration in aliphatic groups caused absorption, and i
3100-3700 cm?, absorption from stretching vibration
of the O-H or N-H bond was observed [5]. Thiourea

and GHsNg have C-C and €C bond. HSCN (isothio-
cyanic acid) has double bonds like<S or C=N [2, 4].

As the deposition temperature increased, the decom-
position of the organic salt and aliphatic intermediate
compounds was accelerated, and the intensities of ab-
sorption peaks were reduced.

The optical transmittance spectra and absorption co-
efficients of the undoped ZnS films are shown in Fig. 3.
The transmittance in the visible region was greater
than 60%. The transmittance of the undoped ZnS films
enhanced with an increase of deposition temperature
because of the reduced diffuse scattering due to an
increase of grain size [2] and improvement in the stoi-
chiometry of the films [6]. Table | shows the composi-
tion of ZnS films deposited at 250—-3%Dcharacterized
by EDS. As the deposition temperature increased, the
stoichiometry of the films was improved and the chlo-
rine contents in the films were decreased. The grain size
ofthe films was increased with anincrease of deposition
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deposited at various temperatures.
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And such processes are indicative of strong coupling

between the ion and the environment [18]. Therefore,
temperatures, as mentioned above. Relative low transt can be proposed that an increase in the deposition
mittance of the film deposited at 28D could be re- temperature increased the optical and electronic transi-
sulted from the chemical species remaining in the filmgions and the blue emission of the films was enhanced.
which was unreacted or partially decomposed due to Fig. 5 shows the optical transmittance of the Mn
low substrate temperature [7]. Fig. 3b shows the phodoped ZnS films deposited at 38D The transmittance
ton energy dependence of the absorption coefficients the visible region was greater than 60%. Doping of
of the ZnS films. These absorption coefficients werethe manganese ion in the mixed solution resulted in
calculated by the method reported by Tasdyal. [8],  the nonstoichiometric composition of the films and the
who assumed reflection was neglected in the ultra viotransmittance was gradually reduced with anincrease of
let region. It was reported that direct optical transitionconcentration of the manganese ions [7, 19]. The cal-
from band to band would proceed when the absorpeulated absorption coefficients were not significantly
tion coefficient,a® showed linear dependence on thechanged.
photon energy, h[6, 9-12]. By extrapolating the lin- Emission spectra of the Mn doped ZnS films de-
ear region to the abscissa, the optical transition §ap, posited at 350C are presented in Fig. 6. The concen-
can be estimated. The obtainEd value was about 3.6 tration of the manganese ion in the mixed solution was
eV which corresponded to ZnS, and independent on thearied from 0 to 20 at.%. The blue band luminescence
deposition temperature. was emitted at 470 and 497 nm and orange-yellow

Fig. 4 shows the emission spectra of ZnS films withemission was observed at 590 nm. In the blue band

excitation wavelength of 320 nm. The excitation bandluminescence, subband emissions centered at 470 nm
near 320 nm corresponds to the energy value of 3.8 eWere weaker than those at 497 nm and disappeared
and this matches with the band to band transition of thén specimens prepared from the mixed solution added
host material, ZnS [13]. The ZnS films deposited at 30the manganese ion higher than 10 at.%. On the other
and 350C emitted blue luminescence due to two sub-hands, the orange-yellow emission of the films was
bands centered at 470 nm and 497 nm. Samadsah  enhanced by adding the manganese ion in the mixed
[14] reported that the subbands in the blue emissiorsolution up to 7 at.%, and then decreased. The man-
region were originated from the recombination of elec-ganese ions could be substituted for the zinc sites and
tron with trapped hole at ¥, and \,, [14-17]. ltwas acted as the luminescence centers for orange-yellow
observed that the integrated intensity and peak widtlemission. Excitation centered at 320 nm activated effi-
of the blue emission were increased with an increase afiently blue emission through the ZnS host excitation,
substrate temperature. It was reported that the increasad then electrons and holes formed by the host excita-
of the emission peak width was resulted from the opti-tion recombined atthe localized Mn centers transferring
cal transition in which many phonons are generated irexcitation energy to the Mn centers. From this gained
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sion of the ZnS films increased with an increase of
deposition temperature. In the Mn doped ZnS films,
the blue emission decreased with an increase of the Mn

(a) (a) 0at.% content while the orange-yellow emission enhanced by
0 adding the manganese ions in the mixed solution up to
(b) 3at.% 7 at.% and then decreased.

(c) 7at.%
[¢)
(d) 10 at.% Acknowledgement
(e) 15 at.% This work was supported by the Korea Science and
Engineering Foundation through the CISEM at Yonsei

(f) 20 at.% University in 1999.

References
1. D. C. HARRIS, “Infrared Window and Dome Materials, Vol.
TT10” (Spie Optical Engineering Press, 1992).
) 2. K. L. CHOPRAR. C. KAINTHLA ,D. K. PANDYA and
R Ny, TR A. P. THAKOOR, “Physics of Thin Film, Vol. 12" (Academic
a i T g Press, 1982).
(e) e (f) 3. M. FOEX, Bull. Soc. Chim. Fr11(1944) 6.
4. D. R. LIDE, “CRC Handbook of Chemistry and Physics” 75th
ed. (CRC Press).
5.R. A. NYQUIST andR. O. KAGEL, “Infrared Spectra of

400 450 500 550 600 650 700 .Inlorga{nicCompounds"(A;:ademicPress,).

Intensity [arb.units]

6. A. ASHOUR, H. H. AFIFI andS. A. MAHMOUD, Thin
Wavelength(nm) Solid Films248(1994) 253.

7.K. L. CHOPRA'S. MAJORandD. K. PANDYA, ibid. 102
Figure 6 Room temperature emission spectra of Mn doped ZnS films ~ (1983) 1.
deposited at 35@ with contents of manganese ion. 8. R. D. TAREY andT. A. RAJU, ibid. 128(1985) 181.
9. B. S. FARAG andS. A. KHODIER, ibid. 201(1991) 231
10. 1. MARTIL DE LA PLAZA, G. GONZALEZ DiAZ,

energy, excitation and recombination process of the Mn ;O'idsl"z’g?l';gj) SUESADA andM. RODRIGUEZ-VIDAL,

centers resulted in orange-yellow emission [13,18]. It;; \y .1 ||y, s. T. LAKSHMIKUMAR, D. B. KNORR,

was reported that the concentration quenching effect t.-m. Lu andir. GERARD A vanper LEEDEN, Appl. Phys.

was observed with an increase of the manganese con- Lett 63(1993) 575.

tent in the ZnS films [18,20] and the concentration12- A. ASHOUR,N. EI-KADRY andS. A. MAHMOUD, Thin

guenching effect occurred in the 0.45 wt.% Mn doped,  SOlid Films269(1995) 117.

ZnS film prepared by evaporation method [21] Inthisl3'A' MIKAME, T OGURA, K TANIGUCHI M. YOSHIDA
n prep y evaporall L& ands. NAKAJIMA , J. Appl. Phys64 (1988) 3650.

work, the manganese content in the ZnS film prepareds. H. samELSONandA. LEMPICKI, Phys. Revi25(1962) 901.

from the mixed solution doped with 7 at.% of Mn was 15. J. s. PRENERandD. J. WEIL,J. Electrochem. Sot06(1959)

0.49 wt.% by EDS analysis. Therefore, the decrease 409.

of orange-yellow emission of the ZnS film preparedl . R. BOWERSandN. T. MELAMED, Phys. Rex9(1955) 1781.

f the mixed solution doped with higher than 7 at.% 17.5. SHIONOYA, T. KODA, K. ERA andH. FUJIWARA,
rom . P gh =703 Phys. Soc. Jpri9 (1964) 1157.

of Mn was attributed to the concentration quenchingig. c. r. iIMBUSCH, in “Luminescence Spectroscopy,” edited by

effect. Red emission tails observed in films might be M. D. Lumb (Academic Press, 1978) Ch. 1, p. 54.

related to the formation of the Mn pairs or the localized19- J- M.BENNET, Thin Solid Fims123(1985) 27. '
phase transition [20]. 20.U. W. POHLandH.-E. GUMLICH, in“Solid State Lumines-

cence,” edited by A. H. Kitai (Chapman & Hall, 1993) Ch. 3.
21. H. SASAKURA, H. KOBAYASHI, S. TANAKA and
J. MITA, J. Appl. Phys52 (1981) 6901.
4. Conclusion
With an excitation wavelength of 320 nm, the undoped
and Mn doped ZnS films showed blue, and blue andReceived 29 November 1999
orange-yellow emission, respectively. The blue emis-and accepted 5 September 2000

1376



