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ULTRA BROADBAND NEAR INFRARED EMISSION PROPERTIES OF BISMUTH DOPED
ALO;-MgO-SiO; GLASSES

SHANG Jihua, YANG Zhengwen, LIU Zhiliang, SONG Zhiguo, ZHOU Dacheng, YIN Zhaoyi, ZHU Kan, QIU Jianbei
(School of Material Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The Bi-doped aluminosilicate glasses with molar composition of 508i0,—xAl,05—(50-x)MgO-1Bi,0; (x=5, 10, 15, 20)
were prepared by conventional melting-quenching technique. The broadband infrared (IR) luminescence properties of the glasses
were studied. IR fluorescence centered at 1 106 nm and 1294 nm was observed under 690 and 808 nm excitation, respectively. The
influence of optical basicity of the glass host on broadband infrared fluorescence was investigated. The intensity of the IR fluores-
cence decreased with the increase of the optical basicity of glass host. It is revealed that the IR luminescence is due to low valence

state bismuth ions Bi* and Bi**.
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Rare earth ion-doped fiber amplifiers (RDFA) have
been extensively used in the long-distance optical com-
munication. However, the gain bandwidths of traditional
RDFA are too difficult to surpass 100 nm due to the na-
ture of the inner shell transition of rare earth ions, which
limits the transmission capacity of optical fiber commu-
nications. So many efforts, such as multiple amplifiers
including different RDFA and multiwavelength pumping
Raman fiber amplifiers (RFA), were done to extend the
bandwidth of optical fiber amplifiers. However, these
efforts have some disadvantages. Multiwavelength pump-
ing FRAs have complicated system structures and require
high power excitation sources. The hybrids of different
amplifiers lead to serious signal loss for optical commu-
nication. Therefore, researchers are searching for novel
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materials with wider bandwidth as the gain medium of
fiber amplifiers in order to realize amplification covering
the 1.2—-1.6 um region in a single pumping source.
Bismuth doped glasses have attracted much attention
since Fujimoto et al.!"! reported 1.3 um optical amplifica-
tion and broadband infrared(IR) emission from the bis-
muth-doped silica glasses excited by a single diode laser.
The broadband infrared emissions from bismuth-doped
germanate, silica, phosphate and borate glasses have been
investigated.!>®! However, the origins of broad IR fluo-
rescence are not understood in the bismuth doped glasses,
and several emission mechanisms were put forward. Fu-
jimoto et al.™"! thought broadband near infrared emission
was from Bi’* because they didn’t detect the electron spin
resonance (ESR) signal. Qiu ef al." and Chi ef al.™® attrib
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It iSwell knOwn that alUminOsliGte glaSsS are very

a“rac'iVe h088 fo' rare ear'hons' and haVe.signilican'
glaS®SaluminCSliCate glasseS have many advantageS
rom the viewpoint of application as [0 1ow sOOOA lumi.
nosilicate glassis suitable [or the [ormation of glass [berO
[(20The soltening point of aluminosilicate glasses is Very
high Chbout 900 €€ 0and the low coel cient of thermal
expans onJBOAluminoslicate glasses have good me—
chanical strength Ochemical and thermal stability. In this
wOrkOthe biSnuth dOped aluminOSliGate glas®s with
compositions of 50Si0 210A 10 3—+50-EM gO—-BiD 3 were
preparedand the origin of the broadband infrared lumi.
neEn G wasinveSigated.

were uSd aSraw materialS. The bismuth-doped Si0O 2]
A1D IMgO [BFAM[Oglasses were prepared by the con—
VentiOnal melting-guenthing technique. The mQar COn—
positions of the glasses were 50Si0 ZT0AI2D 3-£50—£]
MgO—BiD 3 X = 50100150200 Each 20 g batch was
mixed hOmogenQu gy in an agate mCrtar Cand then melted
at1 600 C in aplatinUm QuGble (O 2h inair [lrnace.

1.2 C haracCteriZatiOn
The IR emiSsion spectra Were meaSired On a ZOL IX

SBP300 spectrophotometer under 690 nm and 808 nm
excitation. The Visible nuorescence emi ssion measure—
ments were carricd uut on FO7000 spectrophotometer
under a 340 nm excitation. A bsorption spectra were
measured on a spectrophotometer (HITACHI| U—41000

2 R eSults and diSCuSsSiOn

The absorption spectra of the glasses with composi—
tions of 50Si0 220A 120 3-30M gO-Bi203 and 50Si0 2]
20A 120 330M gO are shown in Fig.1. Comparing with
the glasses without doped bismuth ionsOan absorption
peak located at about 496 nm is obviously observed in
glasses containing bismuth ionsCwhich indicates that the
ab sorption band should be from the transitions of bismuth
ions. The strong absorption below 350 nm can be as—
cribed to the absorption edge of bismuth-doped glasses.
Theresults are similar to those of bismuth doped alumi.
noborate glasses.nd

The near IR nuorescence gectTa of the glasses with
compostions of 50Si0 ZxA 120 3-+£60-z[M gO-BiD 3 are
shown in Fig.2. The IR emisson peak located at about
1261 nm is observeddand the corresponding FWHM is
more than 200 nm. The broadband IR emission pe&ks
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Fig.1 Absorption spectra of Bi-doped SAM glass and
precursor glass
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Fig.2 IR emiSSiOn Yectra of the glaSSeSw ith CompositionS of

50Si0 2TA 120 3+£50—x[M gO—B 0 3

shilClilom 1294 t0 1261nm with increasing A 20 3conl
tent from 5% t0 20% Ow hile the FWHM varies from 199
t0 220nm. The IR emission pe& s variation with increase
of A 20 3content might be attributed to crystal field varia—
tion.01 Just like some transition metal ions P.g. Cr4{]
Ni2{Tthe IR emission of bismuth ions is sensitive to
CryStal [eld beCauSe their eleQrons ValenCGe band i SlaCk
of shielding lom surrounding crystal 6elds. The similar
results were obserVed in bismuth doped germanate
glasses.IThe IR emission intensity increases with in—
creasing Al 3 contentdwhich shows that addition of
AP0 3hasan enhancing efléct on the IR emission.

Figure 3 shows the nuorescence sectra of glasses
with compositions of 50Si0 2xA 120 3-£50—+£1M gO—Bi 20 30
excited at 340 nm. The emisson peak appears at[about
435nm [Ow hi ch is the typical emissionsof Bi3tions.[13]

There are a lot of inVestigations on the mechanian of
IR luminescences in Bi-doped glasses. How eVer (the re—
lationship between the bismuth Valent state and the
broadband inltared luminescence is not clear at present.
The IR luminescences are ascribed to Bis and low Vaence
states of Bi by dillerent researchers. U p to nowOthere has
been few report on the inared luminescence [fom Bi5+
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Fig.3 Visible nuorescence spectraof the glasseswith compo.
sitions of 50Si0 ZXA 120 ITH0-EIMgO-BID3

besides Fujimoto Pf O0[1LIn fact(Bi5+ionsusually exig in
the host with high optiGal basiGtydSJCh aSNaBi0 3L i-
Bi0 3and KBiO 3dand are easly changed to Bi3+ due to
decompostionOwhen they are heated above 300 € .[" 35
On the CGher hand0it iSwell known that BiD 3 Will be
cOnverted tO BiO and BiD at high temperatUre. In the
preent workdthe aUminQOSliGte glaS®eS with weak
acidicwere prepared at 1600 .C [thus Bi5tis difficult to
exiS. MoreOverJaGOrding tOthe QptiGal badcity theGryl
the higher oxidation state of dopant is usually faVorable
in the glass with higher baSGity. If the IR lumineS3nCe
comes [(fom Bi5tionslintensity of glasses should increase
With inGeadng (ptical basicity. Figure 4 Siow Sthe rela-
tionSip between optical badcity and the IR emiSStn
intensity in the 50 Si0 2xA 120 3-£F560—x M gO -Bi20 3 glasses.
A Sshown in Fig.40IR emiSsiOn intensity of glasseS de—
creaeS With inCreaSng optiCal basiCty in the bismuth
doped 50Si0 ZT0A 10 3—+£B0—+FI1M gO-BiD 3glass sample.
So the IR nuorescence should be originated [Mom low

Valence bisnuth ions in the glassesinVegigated herein..
In order to identify further that.which low Valent bis.

muth ions contribute to the IR emission Cmore inVestiga—
tionS were carried out. Figure 5 show Sthe IUm inesCence
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Fig.4 Relaionship between optical basicity of glass hog and
infrared luminescence intensity in 50Si0 2TA 120 3—£50—

xM gO—Bi0 3 = 50100152 00glasses

gectra of 50Si025AI1D 345M gO-BidD 3 glaSS Unde.
varioUs pumping sQurces. Broad IR emiSSOns at 1106

nm and 1 294 nm are observed when the 50Si02—
5A 10 3-45M gO—Bi20 3glass is pumped by 690 and 808

nm exCtatiOnOreeCtiVely. The corregpOnding FWHM
Of 1 106 and 1294 nm emiSSOns are 199 and 210 nmO
repeQively. BGh emiSsion peak pCdtion and cQre
FOnding FWHM O 50Si0 25A120 3-45M gO-Bi20 3glass
Under 690nm exGtatiOn difleér [Mom thCse O glass under
808 nm ex(Gtation. Such large differenCeS indiCate that
the IR emission might be Originated On twO kindS of
Ow vaence bismuth iond on the other handOthe IR Iu
minescences cannot be ascribed to Bi3+ either [I61Based
on the above analySsOwe SJggeS the IR brCadband
emission might arise @om Bi+and Bi2+-ionsin the bis—

muth-doped aluminosilica e glasses inVestigated herein.
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Fig.5 Inltared emission spectra of 50Si0 25AI20 345M gO—

Bi 20 3 glass sample under 690 and 808nm excitaion

3 COnClu SiOn

The IR nuorescence properties were investigated in
bismuth-doped aluminosilicate glasses. The results show
the IR nuorescence intensity dependson the glasses host
optiCal basiCity. The intenSity of the IR nuOreSCenCe de—
creases with the increaSe of the hos baScity. The Origin
0f the broadband IR luminescence was investigated. On
the baS O the IR luminescenCe propertieS O glaS%eS
under VariQUS pUmping SQurCeSlthe IR IUmineSEnG
centers might be [fom Bi+ and Bi2+ions. The attractive
properties of the Bi20 3doped glasses mak e them uselul
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