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ABSTRACT

Excitation spectra of the 1.6 um emission originating from Ho™*: 515—> 517 transition in fluoride, sulfide, and selenide glasses were
measured at wavelengths around 900 nm where the fluorescing 515 level is located. In specific energy range where the frequency
upconversion populating “F; state happens, the excitation efficiency of the 1.6 m emission was deteriorated in fluoride and sulfide
hosts. In selenide, however, spectral line shapes of the excitation spectrum and the 518—>515 absorption spectrum looked seemingly

identical to each other. Differences in optical nonlinearity

as well as electronic band gap energy of ghe host glasses used are responsible

for the experimental obser\gations. On the other hand, codoping of rare earths such as Th™", Dy, Eu™*, and Nd®* was effective in
decreasing the terminating "I, level lifetime. However, at the same time, some of the codopants incrgased unnecessary absorption at
the 1.6 um wavelengths via their ground state absorption. Though the lifetime quenching effect of Eu™" was moderate, it exhibited no

additional extrinsic absorption at the 1.6 yim band.
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Fig. 1. Schematic energy level structure of trivalent holmium in
fluoride glasses. Note that the frequency upconversion to the
SFI state, denoted by the upward dotted arrows, results in the
1370 nm luminescence from (SSZ, 5134) - 515 transition.
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Fig. 2. Pump power dependency of the emission intensities at
1370 nm and 1650 nm. Note that the sample used was
fluoride glass doped with 0.3 mol% Ho™, and pump
wavelength was set to 900 nm. Lines were obtained from
least squares fits to the data. Slopes of the solid and dotted
lines are 1.7] = 0.03 and 0.8 5+ 0.02, respectively.
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Fig. 3. Spectral lineshapes that show the effects of the
frequency upconversion on the excitation efficiency of
the 1.6 pm emlss10n (a) spectrum for the upconversion
exc1tat10n to the Fl state, (b) spectral lineshape of the

Is - Fl transition drawn at half the original energies, (c)
spectrum for the 513 - 515 absorption, and (d) the excitation
spectrum for the 1.6 wm emission. Note that all the spectra
were normalized to their maximum intensity.

ol= FEollA A3Fxo] Aol 71 A HEEojof &
Aog dAEY, Fig. 30 =AIE v}l 7ho] Aghol=
FeldMe F SFEY Aok YA F felEot 2
k. ol& ZF fEld] YA FAdske e A ey
9]r Astey A 4 Aol =, two-photon absorption
&S AFE) M= A71F9 AR 7E 2o W
A iR B} ztotop st B Ao AL &
gtol= frejt dafel= {2 AA e AR Aol 71
e @adE F4Ee 22 ~220 nmet ~550 nmel] 1]
7] 2 ~900 nm tej 2] 37133l HHEF single-photon
absorption®] @& WA & Ut 1y AFyel= &
29l 73 Fig. 4 =A13F vle} 7+o] single-photon absorp-
tione] Z7|7}F ~900 nm W oA A3 ZA el
S & & vk o= 229 ‘weak absorption tail’©]™
A vol= Fejeh 22 M= 7Y ouAZE Ze ¥ A
A ol A i&%}%t‘r.” w2} ~900 nm Tl At
o] f-2]9] single-photon absorption @Sl &3}7] W&
o two-photon absorption ol Hdl= o7|H2] A7)
7t ¥}9- Zo}A) = ‘weak pumping regime’©] o AEkd

[ rﬂLdk



Ho™ A7k WP R

0.46

0.44

042 I
0.40 |+

0.38 I

0.36 -

[ 125 1é.0 115 1.0 105 100
0.34 - Wavenumber (10° cm™)

Absorbance

0.32
0.30

028

0.26 [

0.24

1 n 1 " 1 " i i L.
800 850 900 950 1000
Wavelength (nm})

Fig. 4. Absorption spectrum of a 0.3 mol% Ho3+-doped

selenide glass sample at around the wavelengths where
the weak absorption tail of the host prevails. The inset
denotes the absorption spectrum (solid line) and its
exponential fit (dotted line) as a function of
wavenumber. Note that except the extrinsic absorption
due to the presence of Ho™, the absorption lineshape
exhibits a good exponential behavior, which confirms
that at ~900 nm region the weak absorption tail of
selenide glass is not trivial at all.
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Fig. 5. Measured lifetimes of 517 level, that is, the first e-folding

times, as a function of rare-earth concentration in the
fluoride glass host. Note that the Ho™* concentration was
fixed at 0.3 mol% in all the codoped samples. Magnitude
of uncertainties involved in the lifetime determination is
not marked for clarity of the presentation, however the
uncertainties are less than 0.5 ms for all the measurements.
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Fig. 6. A representative example of the effects of codoping of
other rare-earths : Solid line represents emission spectrum
obtained from a 0.3 mol% Ho*/1.0 mol% Tb**-codoped
fluoride sample, while dotted line from a 0.3 mol%
Ho3+—single-doped fluoride. Note that the two spectra
are normalized with respect to the emission intensity of
the 515 - 517 transition. The inset denotes the absorption
spectra of the codoped samples.

(Fig 6). 22tk %5 77 1.6 um oM AAA
Z 52 /RITE A9 909 335 94 ZaA7)
o A& A71E BA3] @F7] vEel] 9L AET}
B2 3kth 1mol% Tv™ ©]2< 1650 nmlA ~0.02cm™ €]
F58 FEsthFig. 6). ol A2 ~8 dB/mell FI= F
7} 4L ovEs gubAel ZREelE FAEF FE7
A 5~20m Zo]9) BAFI} ARR-E 7] wFEol A= FHA]
e grolth wehA v olRe] 2% whd ade 4R

A5k 1.6 pum WA F7F A 7] WEe] 2=
_g_‘,JrL—_ AH;HX% oz x]—x] o} _’_7}24 o] :Q:‘l: {5/;‘__]0] 1l
Eu™t ole] 3% H/HR o uigFsitt. dubzl
3h= 749 ZBLAN 249 Z2gel= 29 §
F 8= ~Smol%ol Eshr] wEel Hrhg WIs
kL b9 742l 2-o] 7hssith

'

1)

(‘?zL B rlo

ot it of fir 12 (Y
ol
rulo
OF“

AL

4.4 £

1.6 um ¥F
S WAAF)7] 95te] ~900nm Tl A8 L YR
S e A 2 58S YA A8INE R &

EF o]le9] -7 AxpHold) 7dsE

HEREEEE R

2o yapdolsl WAskE 54 shmeloly Bl
Fe] A71%E ARgste Aol Foh AdeyelE #Ee
S %-’F‘?}O] A ~900nm thE el o713 AL
b AR Ltk Tb* 0] ee TE Hrls)
Aol vy pE ZA SAlsh
71448 48 5319 1.6 um HFANAMe] 55 24

T S
7] WEe] 2489 F5 £ glE B oleg B
% WA Fgohe Aol o AP

AR k7t ABART 16pm BLe) 7] 2HEY
2o thdle] ETRIY u27)9} POSTECHS] o]}
A 7l ERUT B =23 998 gRRe] 43S A
Aok AHAR ETR B2EA%) 432 A9 %

3o o)%o] AFUT
REFERENCES

1. Y. G. Choi, B. J. Park, and K. H. Kim, “1.6-um Emission
from Ho3+-D0ped Fluoride Glasses,” Opt. Lett., 28 [8] 622-
25 (2003).

2. T H. Lee, J. Heo, Y. G. Choi, B. J. Park, and K. H. Kim, “Opti-
mized Combination of Ho’* and Sulfide Glass for U-Band
Fiber-Optic Amplifiers,” Chem. Phys. Lett., 384 16-9 (2004).

3. T. H. Lee, J. Heo, B. J. Park, Y. G. Choi, and K. H. Kim,
“Spectroscopic Properties of H03+—Doped Chalcogenide
Glasses for 1.6 pm (U-Band) Fiber-Optic Amplifiers,” Proc.
of SPIE, 5061 70-4 (2003).

4. J. Kobelke, J. Kirchhof, M. Scheffler, and A. Schwuchow,
“Chalcogenide Glass Single Mode Fibres-Preparation and
Properties,” J. Non-Cryst. Solids, 256&257 226-31 (1999).

5. Y. G. Choi, K. H. Kim, B. J. Park, and J. Heo, “1.6 um
Emission from Pr**: s, °F,) — “H, Transition in Pr’*- and
Pr’*/Er**-Doped Selenide Glasses,” Appl. Phys. Lett., 78 [9]
1249-51 (2001).

6. Y. G. Choi, K. H. Kim, S. H. Park, and J. Heo, “Com-
parative Study of Energy Transfers from Er’* to Ce’" in Tel-
lurite and Sulfide Glasses under 980 nm Excitation,” J.
Appl. Phys., 88 [7] 3832-39 (2000).

7. Y. G. Choi and J. Heo, “1.3 um Emission and Multiphonon
Relaxation Phenomena in PbO-Bi,0;-Ga,0; Glasses Doped
with Rare-Earths,” J. Non-Cryst. Solids, 217 199- 207 (1997)

8. Y G. Choi, B. J. Park, and K. H. Kim, “Ho™*: (Sz, F4) -

I5 Transition in Fluoride Glasses,” Chem. Phys. Lett., 354
69-74 (2002).

9. M. Yamane and Y. Asahara, “Glasses for Photonics,” Cam-
bridge University Press, pp. 174-79 (2000).

10. D. L. Wood and J. Tauc, “Weak Absorption Tails in Amor-
phous Semiconductors,” Phys. Rev. B, 5 [8] 3144-51 (1972).



