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Photodarkening was investigated in CdS-doped glasses using luminescence and electron
spin resonance (ESR). Photodarkening depends on manufacturers of glasses. The main
origin of the difference in photodarkening is attributable to the difference in glass
composition. © 1999 Kluwer Academic Publishers

1. Introduction estimated from optical transmittance of the glasses. The
The optical properties of semiconductor-doped glassegenetration depth is less than 0.2 mm.
have been studied extensively. Photoinduced changes Time-resolved luminescence spectra were measured
in the optical properties are observed and are calledsing the following apparatus at 300 K. The excitation
photodarkening [1]. Differences in the photodarken-source was anotherNaser (Laser Photonics LN120;
ing between samples from different manufacturersvavelength= 337.1 nm, pulse duratiog 0.3 ns, repe-
have been reported by Horiuchi and Uesu [2] andition rate= 7 Hz). The laser beam was set at an angle
Yanagawaet al. [3]. However, they used glasses dopedof about 30 off normal incidence to the surface of the
with CdS,Se_y, which are alloy semiconductors, so sample and was focused on an area of about Z mm
that not only glass composition but also chemical com-by a quartz lens (focal length =150 mm). The peak
position of alloy semiconductors differ. Glass samplesintensity of the laser light is about 50 kW/érphoto-
from different manufacturers show different composi-darkening was not observed at this intensity). Lumines-
tion of semiconductors, even if the glasses show aleence from the sample was collected by a quartz lens
most the same optical transmission spectra. For extf =50.8 mm), focused on an end of an optical fiber,
ample, Toshiba 0-56, Hoya O-56, Schott OG-570 andand then led to the slit of a spectrometer. Time-resolved
Corning 3-66 show almost the same optical transmistuminescence spectra were measured using an optical
sion spectra (Horiuchi and Uesu [2] used these glassegnultichannel analyzer with gate (Princeton Instruments
However, the compositior of CdS,Se_x nanocrys- D/SIDA-700). The minimum gate time was 5 ns. The
tals determined from Raman spectra depends on thESR spectra were measured at 77 K using an X-band
manufacturerx = 0.23 (Toshiba), 0.26 (Hoya), 0.60 spectrometer (JES FE-1X). Thevalue of the signal
(Schott) and 0.64 (Corning) [4]. In this paper, we usedwere determined using a MgO:Mn marker. The glass
glasses doped with CdS nanocrystals to investigateomposition was analyzed by an electron probe micro-
the dependence on glass composition only. We meaanalyzer (EPMA; Kevex Delta Il) at an acceleration
sured time-resolved luminescence spectra and electromltage of 15 kV.
spin resonance (ESR) spectra of glasses from different
manufacturers.

3. Results and discussion

Fig. 1 shows the luminescence spectra of CdS-doped
2. Experimental procedure glasses before and after laser light irradiation at 300 K.
The samples investigated were commercial CdS-dopedhe luminescence band at about 440 nm is attributable
filter glasses whose absorption edge is near 440 nrio the band-to-band or shallow-trapping state-to-band
from different manufacturers: Toshiba, Hoya, Schotttransition and another band at about 600 nm to the deep-
and Corning. The size of samples wer®& 2 2.5 x  trapping state-to-band transition [5]. For each sam-
25 mn?. These glasses were exposed to pulsed lighple, the luminescence intensity after irradiation is
from an N laser (Usho YKN-900; wavelengte=  smaller than that before irradiation. The change in lu-
337.1 nm, pulse duratioe= 5 ns, peak intensity= minescence intensity near 440 nm is least for Corning
4 MW/cn?, repetition rate= 1 Hz) at 300 K for 5min  3-73, and is largest for Toshiba Y-44. The intensity af-
in each 6 points for both sides. The laser beam water irradiation is about 1/10 of that before irradiation
focused on an area of about 4 rhrby a quartz for Toshiba Y-44. These results are similar to those
lens. The penetration depth of the Mser light was reported by Horiuchi and Uesu [2]. They measured
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Figure 1 Luminescence spectra of CdS-doped glasses before and aft
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the nanocrystals in these glasses from Raman spec-
tra, since the CdS-like mode is very weak. While the

laser light irradiation at 300 K: Toshiba Y-44, Hoya Y-44, SchottGG—435%dS-“ke mode is observed for the Cornlng glass, this

and Corning 3-73.

mode is hardly observed in the other glasses. Thus
the compositiorx for the Corning glass is larger than
those for the other glasses studied by Yanageinal

the third-order nonlinear susceptibility and photolumi- [31

nescence spectra of CdSy_,-doped glasses: Toshiba

0-56, Hoya O-56, Schott OG-570 and Corning 3-66. ) i
gerence in photodarkening between samples from

They observed a large photoinduced change for th
Toshiba and Hoya glasses and a small change for Sch
and Corning glasses. The compositiongf the semi-

conductor nanocrystals in these glasses are describ%

in Section 1.

The present results indicate that the difference in
glass composition is the primary origin of the dif-

jfferent manufacturers. Although photodarkening in
dSSe_x-doped glasses with larger (Corning) is

s than that with smallex (Toshiba and Hoya)

, 3], the difference in compositiox of semiconduc-

Fig. 2 shows the decay rate of luminescence at abodP" nqnocrystals probably plays only a secondary role
440 nm. The decay rate of luminescence changes aft&€" IN these glasses.

irradiation. We also measured the decay rate of lumi- . e . .
! an N y . Icon5|dered possibility of formation of ZnS-CdS solid

solution. The solid solution is formed by heat treat-

nescence from glasses annealed at°Z0fr 30 min,
and 400°C for 2 h after irradiation. Although the de-

Since CdS-doped glasses contain ZnO (Table I), we

cay rate of luminescence does not recover its initiaf "Nt at high temperature and for long time (7@Xor

value after annealing at 20Q, it almost recovers af-
ter anealing at 400C. The decay rate of lumines-

0.5 h or 600C for 16 h) [6]. Size of CdS nanocystals
formed at these conditions is large, and absorption edge

cence at about 600 nm also shows similar behaviofS located at longer wavelength. However, samples in-

The change in the decay rate caused by light irradiatiory

estigated were formed at not so high temperature and

differs between samples from different manufacturers"©t SO long time, since size of nanocystals should be

These results are similar to those reported by Yanaga: all m_these samples. If the .SOI.'C.i solution Is fo_rmed,
et al [3]. They measured the time response of de sorption spectrum shows significant steepening [6].
generate four-wave mixing signal of CefSa_-doped However, _such steepening was not observed. Thus the
glasses: Toshiba R-66, Hoya R-66, Schott RG—66§'°|'d solution IS probably not formed.

and Corning 2-64. They observed a large change in the Photodarkenlng de'pe.nds on size Pf CdS hanocrys-
time response for Toshiba and Hoya glasses, a sma Is, and it occurs e_aS|Iy|n samples with small size CdS
nanocrystals [7]. Since four samples show the same ab-
sorption edge (same quantum size effect), they are con-
sidered to contain the same size of CdS nanocrystals.

wn

O Corning Figs 3—6 show the ESR spectra of CdS-doped glasses
. . EI%I;‘;“ at 77 K before and after light irradiation. The intensity
- ® Toshiba of the signal neag = 2.01, which is associated with
; 7 AL photodarkening [8], increases after light irradiation.
/_,_c-’—;;me\g\ - =

N The largest change is observed for the glass Toshiba

Decay rate of luminescence (108 s'l)
[\"]

- g \\ Y-44, the second for Hoya Y-44, and the third for Schott

e ® N GG-435. The smallest one is for Corning 3-73. The in-

1 / I S tensity of the signal neag = 2.01 is correlated with
\ the change in the decay rate of luminescence. Change
0 . ‘ in the decay rate is largest for Toshiba Y-44, the second
before after after after for Hoya Y-44 and the third for Schott GG-435. The
iradiation irradiation  annealing  annealing g oyact one is for Corning 3-73. We also observed a
at 200 °C at 400 °C

similar trend in the glasses: Toshiba L-42, Hoya L-42,
Figure 2 Decay rate of Luminescence of CdS-doped glasses (Toshib§ChOtt GG'4_20 and Cornlng 3_'74' .

Y-44, Hoya Y-44, Schott GG-435 and Corning 3-73) before light irradi- ~ 1he ESR signal ne@r = 2.01 is considered to be due
ation, after irradiation, after annealing at 200 and 200 to photoinduced defect centers in the interface region
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Figure 3 ESR specira of Toshiba Y-44 at 77 K. Figure 5 ESR spectra of Schott GG-435 at 77 K.
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Figure 4 ESR spectra of Hoya Y-44 at 77 K. Figure 6 ESR spectra of Corning 3-73 at 77 K.
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between CdS nanocrystals and glass matrix [8]. Thesthe photodarkening. However, further investigation is
centers act as nonradiative recombination centersecessary to reach a firm conclusion.

and provide additional channels for the recombina-
tion of excited carriers, therefore the decay rate of the

luminescence is increased. From the ESR spectra, wi Summary .
consider that Corning 3-73 has many defect centerd/€ measured time-resolved luminescence spectra and

before light irradiation, since a large ESR signal is SR spectra before and after light i.rradiation for four
observed before irradiation. Figs 36 also show ES olored filter glasses. The changes in the decay rate of
spectra of samples annealed at 20or 30 min, and uminescence and in the intensity of ESR signal before

at 400°C for 2 h after irradiation. An ESR signal at and after irradiation are I_argest for Toshiba Y-44, sec-
aboutg — 1.99 appears after light irradiation. This ond for Hoya Y-44 and third for Schott GG-435. These

signal disappears after annealing at 20dor Toshiba hardly occur for Corning 3-73. These results are sim-

Y-44 and Schott GG-435, decreases for Hoya Y_44ilar to those reported by Horiu_chi and Ue_su [2] and
and does not change for Corning 3-73. The intensity..Yanaga\NEJEt al .[3]' The main ongin of the (_jn‘ference_
in photodarkening is attributable to the difference in

of the signal neag = 1.99 is not correlated with the o

change in the decay rate of luminescence, since thglass composition.

change in the decay rate is slight after annealing at

200°C. The signal at aboug = 1.99 is considered to  Acknowledgements

be due to electron traps in the glass. The ESR specfhe permission of Professor T. Miki to use his ESR
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