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Fabrication of CaS:Pb blue phosphor by incorporating dimeric Pb 2t
luminescent centers

Sun Jin Yun,® Yong Shin Kim, and Sang-Hee Ko Park
Micro-Electronics Technology Laboratory, Electronics and Telecommunications Research Institute,
161 Gajung-dong, Yusong-gu, Taejon, 305-350, Korea

(Received 25 September 2000; accepted for publication 22 Novembe)y 2000

The CaS:Pb phosphor emitting blue electroluminescéBteinduced by dimeric Pb luminescent
centers was deposited using the controlled atomic layer deposition technique. The effect of the
incorporation method and concentration of?Phons on the color of high luminance CaS:Pb
phosphor was investigated at the deposition temperatures of 350 and 400 °C. The blue EL emission
at 440—-445 nm could be maintained with the Pb concentration ranging from 0.6 to 2.5 mol %
contrary to the earlier works that had demonstrated very sensitive dependence of coldf on Pb
concentration. The selective incorporation of dimerié¢Plons was attributed to the reactivity of
tetraethyl lead as Pb precursor as well as the controlled deposition techniqu200I©OAmerican
Institute of Physics.[DOI: 10.1063/1.1343478

The distinct advantages of thin film electroluminescentcursor in the deposition of CaS:Pb by the present authors
(EL) devices such as ruggedness, long lifetime, fast rebecause TEL was expected to easily form a dimeric interme-
sponse, and wide operating temperature as well as a widgiate state. The dimeric compound of TEL,,REyHs)g, is
viewing angle, have made EL displays the most reliable disknown to be isolated as a stable compound via the reaction
play with the longest lifetime among flat panel displays.between TEL molecules.

However, the lack of suitable blue EL phosphor has beenone In the ALD process of CaS:Pb, %52,6,6-
of the big impediments in commercializing full color EL tetramethylheptanedionatoalcium [Cathd),] and HS
display, although extensive effort has been paid for its develwere used as the precursors of Ca and S, respecfivihg
opment for more than two decades. deposition rate of ALD is defined by the deposited thickness

A few earlier studies of CaS:Pb, one of the blue phosper cycle>® For example, one cycle of PbS deposition is
phors, reported that CaS:Pb was a very efficient photolumicomposed of the pulses of TEL,NH,S, and N purge. The
nescent phosphor, but not a bright EL phosphdiccord-  deposition rates of PbS were 0.02 and 0.15 A/cycle at 350
ing to the earlier studies, divalent Pb ions {Pbeasily and 400°C, respectively, so that PbS layer deposited per
agglomerated, and CaS:Pb phosphor generated luminescenggle was much thinner than one monolayer under the ex-
from all of monomer, dimer, and larger agglomerates Ofperimental conditions used in this work. The composition

PB?* ions* Furthermore, the luminescence properties wereyng thickness of CaS:Pb layers were determined by Ruther-
shown to strongly depend on the environmental conditions of;,q backscattering spectrometry.

L . : 5
PI?" in a host matrix because Pbion has as® outer elec- Figure 1 illustrates the cross-sectional schematic dia-

tron configuration. Then, the wavelength of EL emission,g am of the CaS:Pb film deposited by ALD. The controlled
i.e., the color of CaS:Pb phosphor,.contlglgo'usly changed,| p proceeded by repeated alternate deposition of CaS
from UV to green as the concentration of “Phincreased. (thicknessT¢,9 and PbSthickness:Tpyd layers. T, was

The blue EL originated from Pb dimer centers could be much bigger tharT p,s because the content of Pb in CaS:Pb

ok_Jta_ined only by regulating the concentrati(_)n of Pibns was to be less than a few mol %. The PbS layer with thick-
within ranges from 1.0 to 1.5 mol %. The luminance was also

much lower than the brightness level required for

commercializatior:® Q

Contrary to earlier works, the present authors reported N \

that blue CaS:Pb phosphor with high luminance could be » \
1 PbS

deposited using atomic layer depositichLD).* The lumi-
nance at a voltage of 25 V higher than the threshold voltage
L,5 was higher than 80 cdfrat 60 Hz, which was the high- i

est luminance amongst blue EL phosphors ever reported. CaS_> X

In this letter, procedures to fabricate CaS:Pb phosphor \ \
containing PB" ions as the most preferable state for blue \\ . \
emission is introduced utilizing the advantages of the ALD ‘ : K
technique to deposit a film layer by lay&t. Especially, \\ \
Ph(C,Hs), (tetraethyl lead, TELwas first used as a Pb pre- k

FIG. 1. Schematic cross-sectional diagram of CaS:Pb phosphor deposited by
¥Electronic mail: sjyun@etri.re.kr ALD.
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TABLE II. The CIE color coordinates of CaS:Pb EL devices deposited by

(a) ALD at 400 °C.
_~ 1.0 mq]% PRt Tebs PbS CIE color coordinates
:. Sample ID (mol%) (A) (number of cycles (%,y)
N’
Z 1.5 mol% D 06 015 1 (0.15, 0.1}
g E 08 0.15 1 (0.14, 0.10
2 F 1.4 0.15 1 (0.15, 0.10
E G 2.5 0.15 1 (0.14, 0.12

First, the concentration of Pb ion was increased by
(b) increasingT pps, i.€., the number of PbS cycles, for CaS:Pb
1.4 mol% EL devices A—C at the deposition temperature of 350 °C. As
0.6 mol% listed in Table I, bothTp,s and the number of cycles in
samples B(1.0 mol% of Ph and C(1.5 mol% were ap-
proximately 2 and 3 times larger than those of sample.&
mol % of P, respectively. The result showed that the color
coordinates were moved frorf0.17, 0.13 to (0.18, 0.20
with increasing Pb concentration from 0.6 to 1.5 mol %. The
EL spectra of samples A—C in Fig(& also demonstrated
that EL peaks were shifted from blue to greenish blue as
increasing Pb content. The results indicate that the larger
agglomerates of PH ions were formed by higher Pb con-
Wavelength(nm) centration if the content of Bb was increased by incorpo-
FIG. 2. (a) EL spectra of CaS:Pb EL phosphors containing 0.6 m@\ 6 rating thICk.e.r PDS layers in the .CaS/Pb.S Iamm.atEd Str.UCture
1.0 mol %B), and 1.5 mol %C) of Pt?*, deposited at 350 °C(b) EL at a deposition temperature. This result is consistent with the
spectra of CaS:Pb EL phosphors containing 0.6 m@%60.8 mol %E), earlier works showing that the emitting color of CaS:Pb
and 1.4 mol %F) of PI**, deposited at 400 °C. changed continuously from UV to green with increasing Pb
content by using conventional deposition methbds.
nessTpys Was deposited by one or several cycles of PbhS  Second, the Pb content in CaS:Pb phosphor was in-
deposition to be much thinner than one monolayer of PbScreased by incorporating the PbS layers of a fixed thickness
The total thickness of CaS:Pb phosphor layer waisnes of ~ more frequently into CaS host matrix at the temperature of
the sum ofT c,sand T pysif alternate deposition was repeated 400 °C. The thicknes$ppswas 0.15 A incorporated by one
by n times. cycle of PbS deposition. Figurél®) illustrates the EL spec-

In order to investigate the effect of the incorporationtra of CaS:Pb EL devices, D, E, and F containing 0.6, 0.8,
method on the color of CaS:Pb phosphor, CaS:Pb films werand 1.4 mol % of Pb, respectively. The spectra reveal only
deposited by varying Pb concentration in two different blue EL peaks centered at 440—445 nm in contrast with the
methods and at two different temperatures, 350 and 400 °Qesult shown in Fig. @). The color coordinates were also
The concentration of Pb ions in CaS:Pb can be increased almost constant a.15, 0.10 with Pb concentration ranging
by increasingdl p,sSsandwiched between Cas layers of a fixedfrom 0.6 to 2.5 mol% as listed in Table Il. These results
thickness(i.e., biggerTp,s with fixed T,5 and total thick- indicate that deep blue EL emission could be obtained with
ness. In the ALD procesq,pps can be increased only by Pb concentration ranges much wider than the range of 1.0
increasing the number of cycles of PbS deposition becausel.5 mol % reported by earlier works. When the PbS layer
the deposition rate is constant at a given temperature. Altewas deposited by one cycle and the deposition rate was much
natively, the content of 5 can also be increased by insert- lower than one monolayer per cycle, the formation of larger
ing the PbS layers of a fixed value ®f,swith a constant aggregates could be suppressed regardless 3f &mncen-
cycle number between CaS layers more frequelitly., tration in CaS:Pb unless the Pb content is too high to main-
smallerT cswith fixed Tppsand total thicknegs The data in  tain the crystallinity of phosphor layer.

Fig. 2, Table I, and Table Il clearly demonstrate differences  EL spectra in Fig. 2 also demonstrate a fact of signifi-

in the color of CaS:Pb EL when the concentration of Pb iscance to this study. In the samples with Pb content of 0.6

increased by two different methods. mol % andT pp,smuch thinner than one monolayer, UV peaks
attributed to PB" monomers were not observed. The UV

TABLE I. The Commission Internationale de I'Eclaira¢@IE) color coor-  peaks were not detected even from the samples containing

dinates of CaS:Pb EL devices deposited by ALD at 350 °C. Pb less than 0.2 mol %he data not shown here

These results in Fig.(B) and Table Il are not in accor-

0.8 mol%

Intensity(a.u.)

300 350 400 450 500 550 600 650

Pt T PbS CIE color coordinates . . . .
Sample ID (mol %) (E;S (number of cycles ) ' dance with the earlier works carried out using Ph®bBe,
Ph(thd),, and lead diethyldithiocarbamate as Pb precursors
A 06 004 2 (0.17,0.13

B 10 008 4 (017, 018 WhICh reported the presence of UV peaks at low concentra-
c 15 012 6 (0.18, 0.20 tion of I73b and the strong dependence of color on Pb
content’ In the present results, the absence of UV peaks
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should be perceived as evidence supporting the distinct rea€aS:Pb blue phosphor of the luminantgs higher than
tivity of TEL to induce the preferable incorporation of Pb 80 cd/nf at 60 Hz that was several tens of times higher than
ions as dimeric centers. TEL molecules are shown to easilthe earlier results of CaS:Pb EL devices.

form a dimeric intermediate state during the ALD process In summary, blue EL emission peaked at 440—445 nm
and help incorporate Pb ions in a CaS host matrix as could be maintained with the Pb concentration ranging from
dimeric centers. 0.6 to 2.5 mol % by controlling the incorporation method of

The data listed in Tables | and Il also indicate that thePl?" ions in CaS host matrix. The reactivity of TEL as a Pb
color of CaS:Pb phosphor more strongly depended on thprecursor, to easily form dimeric intermediate state during
cycle number of PbS deposition rather theg,s. Colors of  ALD process, was very effective to selectively incorporate
samples A—-C shifted to green compared to the sampleB’* dimer centers.

D-G, although thél p,g of samples A—C were thinner than i ,

those of samples D—G as shown in Tables | and II. The = 1he presentwork was financially supported by the Korea
reason must be because the numbers of cycles for sampllinistry of Information and Communications.

A-C were larger than those of samples D-G, and the re-

peated cycle of PbS deposition enhanced the formation ofg Asano, N. Yamashita, and Y. Nakao, Phys. Status Soli@98663
agglomerates. (1978.

The method described in this letter to increase the con<D. Poelmann, R. L. Van Meirhaeghe, B. A. Vermeersch, and F. Cardon, J.
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blue color is very useful to fabricate high luminance phos- ;s of the 6th International Workshop on EL, 1992, p.199.
phor unless the content of the luminescent center is hights. J. yun, Y. S. Kim, S.-H. K. Park, J.-S. Kang, K. I. Cho, and D. S. Ma,
enough to deteriorate the crystallinity of the phosphor layer. _Dig. of SID Symp.1999 1142.

Especially, the choice of a proper precursor of(PEL) was 6? Suntola, Mater. Sci. Re, 261 (1989.
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