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Blue electroluminescence is reported from CaS:Irtkn films prepared by radio frequency
magnetron sputtering method. The dependences of brightness on substrate temperature,
concentration of Tmf; and the applied voltage were investigated on alternating current thin-film
electroluminescent devices. The obtained maximum brightness was above the level of ZpS:TmF
devices. The equivalent average energy of the excited electrons contributed to the
electroluminescence in CaS:Tyélternating current thin-film electroluminescent devices and was
estimated at around 4.23 eV by comparing the ratio of infrared to blue peak in electroluminescent
spectra with that in photoluminescent spectra excited by different photon energy. The excitation
processes of electroluminescence in CaS:Jthin films were assumed to be energy transfers from
the conduction band edge to Pmcenters. ©1998 American Institute of Physics.
[S0021-897€08)06305-1

I. INTRODUCTION tron reactive sputtering in £ Ar atmosphere with two tar-
Blue electroluminescend&L) from Tm-ion-doped ZnS gets of high purity Si and Ta metal. The CaS:Tyfifims
thin films has been investigated in the art literattitHow-  were prepared by rf magnetron sputtering method. The tar-
ever, the maximum brightness achieved for these devicegets were CaS:Tmfslices with circular area of 38.5 ém
was low (10-12cd/),*® and the infrared emission at The concentrations of Tmfwere from 0.05 to 2 mol %. The
around 800 nm was fairly stronger than the blue emission atas:Tmp films were deposited in conditions in which the
around 480 nm. The dominant excitation process was de”ﬁtmosphere was 99.99% Ar gas with pressure of 1.5 Pa, the
onstrated to be energy transfer from host to*Troenters in rf power was 600 W, the substrate temperatures were from
ZnS:Tm alternating current thin-film electroluminescent350 to 650°C. and the distance between target and substrate
(ACTFEL) devices** It was considered that the ZnS host ' . ] ? . )
was unsuitable for the excitation 8D, and 'G, levels of wgs 6 cm. For comparison, ZnS:Tgé.4 mol % films with
thickness of around 700 nm were prepared to replace the

Tm®" ions. Miuraet al® tried to use several host materials S
having wider band gap energy than ZnS, such 6,8, CaS:Tmk film in the ACTFEL structure. The ZnS:TmF

CdFR,, ZnF,, and YR Although the obtained EL brightness films were deposited by electron-beam evaporation method
was lower than that in ZnS:Tm ACTFEL devices, the inten-at substrate temperature of 200 °C and then annealed at
sity ratio of infrared to blue emission decreased in these deS00 °C for 2 h invacuum to improve EL brightness. EL
vices. Alkaline-earth sulfides have wider band gehd1 eV spectra were measured under 1 kHz sinusoidal wave voltage
for CaS and 4.30 eV for S)Shan ZnS(3.7 eV).” Bright  excitation by a monochromator with a photomultip{&CA
electroluminescence was obtained in CaS:Eu and SrS:QQo. 31034 connected to a recorder. The absolute EL bright-
thin-film EL devices. The reported maximum EL brightneSSneSS was measured by model 1980A luminometer under ex-
(15 cdienf) in SrS:Tmh thin-film EL devicesg was above itation of 5 kHz sinusoidal wave voltage. Photoluminescent
that of ZnS:Tm ACTFEL devices (12 cd/ém® However, (PL) spectra from CaS:TmF0.4 mol % powder were mea-

electroluminescence from CaS:TgRims prepared by rf sured by the same system under excitation of 325 nm line of

sputtering m_ethod_has not yet been reported to our knowlé 20 mW He-Cd laser. PL excitation spectra and PL emis-
edge. In this acticle, we report the study of EL from

CaS:Tmk ACTFEL devices prepared by rf magnetron SIOut_sion spectra excited under different photon energy were mea-

tering method. The obtained maximum brightness in this deSuréd by Regina Mueller-Mach in Hewlett-Packard Com-

vice was 30.5 cd/fin 5 kHz driving condition. pany using conventional method. All PL spectra were
corrected according to the response of the measurement sys-
Il. EXPERIMENT tem for the EL spectrum, therefore the integrated intensity

The ACTFEL device structure was shown in Fig. 1. Theratio of infrared to blue peak®;,, in spectra was compa-
SiO, /Ta,0O5 stacked isolators were deposited by rf magne+able in two systems.
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FIG. 1. Structure of CaS:TmFACTFEL device. 2 T I
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IIl. RESULTS
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Figure 2 shows the EL spectra from CaS:TgnB3
mol % and ZnS:Tmf 0.4 mol % ACTFEL devices. The FIG. 3. EL integrated intensity ratio of the infrared to blue peak vs the
emission spectrum of CaS:TmEonsists of four groups of applied voltage.
lines peaked around 480 ntG,—3Gg 653 nm

(1G4—>Hy) ' 705 nm EF3_}3H6)’ and 804 nm  eynibit (200 orientation for substrate temperatures from 300
(°F4—°He).” Figure 3 shows the integrated intensity ratio o gog °C. It is polycrystalline at temperature up to 650 °C.
of infrared (804 nm to blue (480 nm peak,Rj,, in EL  The dependence of EL brightness at 60 V above the thresh-
spectra versus the applied voltagey, in EL spectra of g4 yoltage /,,+60 V) on substrate temperature is shown in
CaS:Tmk is constant at around 5.5 with increasing the ap-rig 6. The brightness increased significantly with substrate
plied voltage within error of experiment. This value is {emperature from 350 to 450 °C. Above 450 °C, it cannot be
slightly smaller than thataround 6.5 in the EL spectra of  gffectively improved by increasing substrate temperature.
ZnS:Tmk; 0.4 mol % ACTFEL devices. Both of the two rigyre 7 is the dependence of the brightness on the concen-
devices show the same behavior. Figure 4 shows the brightraiions of Tmh in CasS films deposited at a substrate tem-
ness versus applied voltage characteristics of the best deV'Cﬁérature of 600 °C. The optimum concentration is at about
measured under excitation of 5 kHz sinusoidal wave voltagey 3 mol %. Above this value, concentration quenching oc-
The maximum brightness was 30.5cd/nn the best curs.
CaS:Tmk ACTFEL devices. This value was above that of | order to study the possible excitation processes of EL
Ejhe .Z”%:;rgn'g (11 cd/nf) and SrS:Tm (15 cd/f ACTFEL i CaS:Tmk films, the PL excitation spectra of CaS:TgF
evicesh™
X-ray patterns of CaS:TmHilms, sputtered under dif-

ferent substrate temperatures, are shown in Fig. 5. The films 102 CaS:TmF, 0.3 mol%
50 - —e— ZnS:TmF, 0.4 mol%
) CaS:TmF30.3 mol% s ’
1kHz 200 V "t ~ 1nl
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FIG. 4. Brightness-voltage characteristics of CaS:TnaRd ZnS:Tmk
FIG. 2. EL spectrum from CaS:TmRCTFEL device. ACTFEL devices.
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FIG. 7. Dependence of EL brightness on concentrations of ;TimfcaS
1Pk films. The brightness was measured at 60 V above the threshold voltage.
0 [ [l R 'S I " l ﬂ ) )
25 30 35 40 45 50 55 60 65 70 the 480 and 653 nm emission were gt ground 314(3195
eV) and those of 705 and 804 nm emission were at(@841
20 (deg.) eV) and 288 nm(4.31 e\}, respectively. Figure 10 was the

FIG. 5. X-ray diffraction patterns of the CaS:Tmfims deposited under excitation pa”d of 480 nm in CaS:TmEowder with Tmhk

different substrate temperatures. concentrations of 0.04, 0.1, and 1 mol %. It was shown that
the excitation band at 314 nm increased significantly with an
increase of Tm concentration.

powder were studied. The CaS:Tgpowder was prepared
by firing CaS(99.9%9 and Tmk (99.99% 0.4 mol % mix-  IV. DISCUSSION

tsLiI(r)?w ast i\?:?rg (jnlcrj]e? ';I)Z(C?:;Ti%?‘pgfergzg)rni]hﬁr;rehifP;‘ ﬁrenls(-: The excitation band enerdgat 3.95 eV of 480 emission

laser f/)vas s,hown i Fia. 8. The positions of the emissiodband was not consistent with any possible electronic transi-
' . 9. © b 1SSI9Mi51 between two energy levels of Prion and it was not

peaks were consistent with the EL spectra. PL excitation flected by changing the composites of dopafits ex-

spectra of the powder monitoring on peaks at 480, 653, 70 . . . .
and 804 nm were shown in Fig. 9. The excitation bands O]ample, doping TrOs mstea_ld of Tmk). Since it depends .
strongly on the concentration of Tm, we assume that this

excitation band was probably from charge transfer state of
Tm. The excitation of the PL bands at 480 and 653 nm was

10 explained as strong energy transfer from the excitation bands
7 87 100
g PL spectrum
—_ - @ Excitation
g O Z30F
N’ g 325 nm He-Cd laser
(7]
%] —
g 4- E 0}
o &
Lol 72}
/M o

2 A Lg 20F

] ] | §
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FIG. 6. Dependences of EL brightness on substrate temperatures for depo-
sitions of CaS:TmEfilms. The brightness was measured at 60 V above theFIG. 8. PL spectra from CaS:TgP®.4 mol % PL powder under excitation
threshold voltage. of 325 nm line of a He—Cd laser.
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FIG. 9. PL excitation spectra from CaS:Tg®.4 mol % PL powder.
P e P 36 38 40 42 44

Excitation photon energy (eV
at around 3.95 e\(314 nm to G, level; those of the 705 P gy (eV)

and 804 nm bands were attributed to energy transfer frorfiG. 11. PL integrated intensity ratio of the infrared to blue peak vs the
conduction band of CaS fij:4 and 3|:3 levels of Tt ions excitation photon energy. The equivalent average energy of electrons in EL
because the excitation energ(ds41 and 4.30 eVare close films was estimated at around 4.23 eV according toRjgen EL spectrum.

to the forbidden band gap of C48.41 e\). Since the ener-

gie; of PL excitation bands for the blue ba(rt_lﬁo nr{) and. was estimated around 4.23 eV. These excited electrons prob-
the .|nfrared band800 nm were different, the |nt§n§|ty ratio ably had a much wider energy distribution than those excited
R, in PL spectra depends strongly on the excitation photori)y a monophoton energy in PL powder.

energy as shown in Fig. 10. The changeRyf with excita- It is well known that there are two excitation mecha-
tion photon energy may become a probe for the change fismg in rare-earth-ion doped ACTFEL devices, one is direct
the excited electron energy in CaS:TgnPL phosphor. On jo,h4 0t excitation of the rare-earth-ion luminescent centers
the other hand, if the excitation processes of EL were similap, '+ ajectrons; another is impact ionization of the host and
to that of PL, it would be used to estimate the equivalenipa, energy transfer from host lattice, traps, or sensitizers to
average energy of the excited electron in EL films by comy, inescent centers. If the former processes were dominant
paring the intensity rati®;, in EL spectra with that of PL ) yhe cas: TmEEL device, the ratidR,, of infrared to blue
spectra eXCI'ted under different phot.on energy. SRgevas intensity would decrease with increasing the applied voltage,
around 5'5_ |n.EL spectrum, aCCOf,d'”Q to the depend'ence cHecause the energy distribution of hot electrons would shift
Rip on excitation photon energy in Fig. 10, the equivalenty, pigher energy with increasing the applied voltage. This
average energy of excited electrons in CaS:3iin films  ohonomena was an evidence for the direct impact excitation
in other rare-earth-doped EL devices such as ZnS:Er, in
which the intensity ratio of red band to blue band decreased
with increasing the applied voltad®.If the latter process

1 mol% was dominantR;, would not depend strongly on the applied
voltage because the intensity ratio of EL spectra depends
mainly on the energy transfer efficiencies to the excited lev-
els of 3F, and'G, and electronic transition probabilities of
3F,—3%Hg and1G,—3Hg inside Tn? ions. SinceR;, was
0.1mol% constant with an increase in the applied voltage in CaSgImF
ACTFEL, the excitation processes were not dominated by
impact excitation. The possible excitation processes may be
mainly attributed to energy transfer from the conduction
band edge of CaS to the Pmcenters, because the equiva-
lent energy of the excited electrons was closer to the band
gap of CaS.

4.0

3.0

20

0.04 mol%

Intensity (rel. units)

1.0

V. CONCLUSION

250 300 350 400 450 . In summary, electroluminescence_ from the CaS:ITmF
Wavelength (nm) film prepared by rf magnetron sputtering method was stud-
ied. The films showed a singlR00) orientation in a wide
FIG. 10. PL excitation band of 480 emission peak in CaS:Jmpéwder ~ Substrate temperature from 300 to 600 C and the EL bright-
with different TmF; concentration. ness was not significantly improved above 450 C. The opti-
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