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摘  要：采用高温熔融法制备了组分为50SiO2-xAl2O3-（50-x）MgO-Bi2O3 （x=5，10，15，20，摩尔比）的铋掺杂铝硅酸盐玻璃。研究了铋掺杂铝硅酸
盐玻璃超宽带近红外发光性质，探讨了玻璃基质的光学碱度对铋离子宽带发光特性的影响。结果表明：在 690nm和808  nm的激发下，铋掺杂铝硅酸

盐玻璃的红外荧光中心分别位于 1 106  nm和 1 294  nm；随光学碱度的增强，铋离子的红外发光强度减弱。并对铋离子超宽带发光的机理进行了探讨，

认为其红外发光源于低价的Bi+和Bi2+。
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    Abstract：The Bi—doped aluminosilicate glasses with molar composition of 50Si02—xAl203—（50—菇）MgO—1Bi203（工=5，10，15，20）

    were prepared by conventional melting—quenching technique.The broadband in妇rared  （IR）  luminescence properties of the glasses

    were studied.IR nu0∞escence centered at 1 106 nm and 1 294 nm was observed under 690 and 808 nm exCitation，respectively.The

    innuence Of OptiCal basicity of the glass hoSt on brOadband in五rared nuorescence was investigated.The intensity of the IR nuOreS—

    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 Bi2+.

    Key WordS：  optiCal prOpertieS；biSmUth dOped alUminoSiliCate glaSS；in五rared lUmineSCenCe；  0ptiCal baSiCity

    Rare earth ion—doped  量iber ampli丘ers（RDFA）  have materials with wider bandwidth as the gain medium of
    been extenSiVely USed in the lOng-diStanCe optiCal Com一 丘ber ampli6erS in Order to realiZe ampli丘CatiOn COVering

    muniCatiOn.HOWeVer，the gain bandwidthS of traditiOnal the l.2—1.6  “m regiOn in a Single pumping SOUrCe.
    RDFA are too di伍Cult to surpass 1 00 nm due to the naI    Bismuth doped glaSseS have attracted muCh attention
    l    I — ⋯

    ture of the inner shell transition of rare earth ions，which    since Fujimoto Pf  口，.【1】  reported l.3  ̈m optical ampli6cal

    limits the transmission capacity of optical 6ber commu. tion and broadband in五rared（IR）  emissionfrom the bis-

    niCatiOnS.SO many e伍ortS，SuCh aS multiple ampli矗erS mUthldOped SiliCa glaSSeS exCited by a Single diode laSer.
    including diferent RDFA and multiwavelength pumping The broadband infrared emissionsfrom biSmuthIdoped

    Raman 6ber ampli6ers（RFA），were done to extend the germanate，silica，phosphate and borate glasses haVe been
    bandwidth of optical 6ber ampli6ers.Howevef，these investigated.【2巧】  However，the origins of broad IR nuo-
    efortS have some diSadVantages.Multiwavelength pump- rescence are not underSt00d in the bismuth doped glasSes，

    ing FRAS haVe COmpliCated SyStem StrUCtUreS and reqUire and SeVeral emiSSiOn meChaniSmS Were pUt  fOrWard.FUl

    high power excitation sources.The hybrids of diferent    jimoto Pf  口Z.【11 thought broadband near in五rared emission
    ampIi矗ers lead to serious signal loss蠡or optical commu—    was矗rom Bi5+  because they didn't detect the electron spin

    nication.Therefore，researchers are searching氨or novel resonance（ESR）  signal.Qiu Pf  aZ.【71 and Chi 8f  口，.【81 attrib
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uted it to lOWvalence State biSmUth iOnS.DvOyrin Pf  口，.【9J
    1.0

considered that it iS aSCribed tO the COmplexes Of Bi+and

[Al04/2]一.
    0.8

    It iS well knOwn that alUminOsiliCate glaSSeS are very

a‘‘rac'iVe h0828 fo'rare ear'h，ions'and haVe.signi量ican‘    昏 o.6
a p p l i C a t i o n S  i n O p t O e l e C t r O n i C 6 e l d S . C O m p a r e d  w i t h o t h e r ？ 三 窖

glaSSeS，aluminOSiliCate glasseS haVe many advantageS

矗rom the viewpoint of application as氨01lows：（1）  Alumi. 藿‘o.4

nosilicate glass is suitable五or the氨ormation of glass矗iber；    Bi.doped SAM glass

（2）The so蜀cening point of aluminosilicate glasses is Very    o_2 0、么— \
high（about 900 6C）and the low coe伍cient of thermal
    ； O r g l a S S

expansion；（3）Aluminosilicate glasses have good me—    o—'— —— ‘— 1— .— 1
    400    60 0    800

chanical strength，chemical and thermal stability.In this    Wavelength/nm
wOrk，the biSmuth dOped alUminOSiliCate glasSes with
compositions of 50Si02一戈A1203—（50—戈）MgO—Bi203 were    Fig.1 Absorption spectra of Bi—doped SAM glass and

prepared，and the origin of the broadband infrared lumi.    precursor glass
neSCenCe was inveStigated.

1.Experimental procedure  .  ： ，、————r ，八 、l蓬

1.1  PreparatiOn Of SampleS

  High purity（99.99%，in mass）  MgO，A1203，Si02 and
Bi203（all蜀rom Sinopharm Chemical Reagent Co.，Ltd）

were uSed aS raw materialS.The bismuth—doped Si02一
A1203一MgO （SAM）glasses were prepared by the con—

VentiOnal melting—quenChing technique.The mOlar COm—
positions of the glasses were 50Si02一并Al203—（50—菇）

MgO—1Bi203（x=5，10，15，20）.Each 20 g batch was
    1 000    1 2 00    1 400    1 60 0    1 800

mixed hOmogenOuSly in an agate mOrtar，and then melted
    W aV eleng th/nm

at l 600.C in a platinUm CruCible矗Or 2 h in air五urnace.
    Fig.2 IR emiSSiOn Spectra of the glaSSeS with CompositionS of
1.2  C haraCteriZatiOn
    50Si02一茁Al203—（50—x）MgO—Bi203  .
  The IR emiSsion spectra Were meaSured On a ZOLIX

SBP300 spectrophotometer under 690 nm and 808 nm    shi妇C蠡rom 1 294 t0 1 26 1 nm with increasing A1203 conI
excitation.The Visible nuorescence emission measure—    tent  from 5%  t0 20%，while the FWHM variesfrom 1 99

ments were carricd uut on F一7000 spectrophotometer    t0 220 nm.The IR emission peaks variation with increase
under a 340 nm excitation.Absorption spectra were    of  A1203 content might be attributed to crystal field varia—

measured on a spectrophotometer（HITACHI U—4 1 00）. tion.【̈1 Just like some transition metal ions（P.g.Cr4+，

    Ni2+），the IR emission of bismuth ions is sensitive to
2  R eSu lts an d d iSCu SSiO n
    CryStal  氨ield beCauSe their eleCtrons ValenCe band iS laCk

    The absorption spectra of the glasses with composi—    of shielding矗rom surrounding crystal 6elds.The similar

tions of 50Si02—20Al203—30MgO—Bi203 and 50Si02一 results  were obserVed  in bismuth doped  germanate
20Al203—30MgO are shown in Fig.1  .Comparing with    glasses.【12】The IR emission intensity increases with in—

the glasses without doped bismuth ions，an absorption    creasing Al203 content，which shows that addition of
peak located at about 496 nm is obviously observed in    A1203 has an enhancing ef五ect on the IR emission.

glasses containing bismuth ions，which indicates that the    Figure 3 shows the nuorescence spectra of glasses
absorption band should befrom the transitions of bismuth    with compositions of 50Si02—xAl203—（50—并）MgO—Bi203，

ions.The strong absorption below 350 nm can be as—    excited at 340 nm.The emission peak appears at，about

cribed to the absorption edge of bismuth-doped glasses.    435 nm，which is the typical emissions of Bi3+ions.【13】
The results are similar to those of bismuth doped alumi.    There are a lot of inVestigations on the mechanism of
noborate glasses.no]    IR luminescences in Bi-doped glasses.HoweVer，the re—

    The near IR nuorescence spectTa of the glasses with    lationship between the bismuth Valent state and the

compositions of 50Si02一xAl203—（50—z）MgO—Bi203 are    broadband in茧rared luminescence is not clear at present.
shown in Fig.2.The IR emission peak located at about The IR luminescences are ascribed to Bi5+and low Valence

1 261 nm is observed，and the corresponding FWHM is    states of Bi by di筇erent researchers.Up to now，there has

more than 200 nm.The broadband IR emission peaks    been few report on the in五rared luminescence五rom Bi5+



    spectra of 50Si02—5Al203—45MgO—Bi203 glaSS Unde.
    varioUs pumping sOurces.Broad IR emiSSiOns at 1 1 06
    2 0 0 一 / ’    工

    5 nm and  1 294 nm are  observed when the  50Si02—

    5A1203—45MgO—Bi203 glass is pumped by 690 and 808
    1 0

    nm exCitatiOn，reSpeCtiVely.The correspOnding FWHM
    15

    Of 1 106 and 1 294 nm emiSSiOns are l99 and 210 nm，

    reSpeCtively.BOth emiSsion peak pOSition and cOrre-

    SpOnding FWHM Of 50Si02—5Al203—45MgO—Bi203 glaSS
    Under 690 nm exCitatiOn dif五er蠡rom thOse Of glass under
    808 nm exCitation.Such large dif五erenCeS indiCate that

    — the IR emission might be Originated  蜀rOm twO kindS of
 7‘、‘luV’，，// ’\\\ \ l 1'50荨 ==io 佗w valence bismuth ionsl on the other hand，the IR lu

i召  100

 C：
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    0
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    WaVelength/nm    minescences cannot be ascribed to Bi3+  either.[16】   Based

    Fig.3 Visible nuorescence spectra of the glasses with compo.    on the above analySis，we SUggeSt the IR brOadband

    sitions of 50Si02一xAl203一（50—戈）MgO—Bi203    emission might arise￡rom Bi+  and Bi2+  ions in the bis—

  besides Fujimoto Pf  口，.[1  1 Infact，Bi5+ions usually exist in muth—doped aluminosilica'e glasses inVestigated herein.
  the host with high optiCal basiCity，SUCh aS NaBi03，Li-
  Bi03 and KBi03，and are easily changed to Bi3+  due to

  decomposition，when they are heated above 300 4C.[̈—15]
  On the Other hand，it iS we11 known that Bi203 Will be

  cOnverted tO BiO and Bi20 at high temperatUre.In the
  preSent work，the alUminOSiliCate glaSSeS with weak

  acidic were prepared at 1 600  .C，thus Bi5+  is difficult to

  exiSt.MoreOVer，aCCOrding tO the OptiCal baSicity theOry，

  the higher oxidation state of dopant is usuallyfaVorable  \ 、
  in the glass with higher baSiCity.If the IR lumineSCenCe
  comes蠡rom Bi5+ions，intensity of glasses should increase    — I — l — — 1 — I — 1 — I — I

  With inCreaSing Optical basicity.FigUre 4 ShowS the rela-    1 000    1 200    1 400    1 600
  tiOnShip between optical baSicity and the IR emiSSiOn    WaVelength/nm

  intensity in the 50Si02—xA1203—（50—x）  MgO—Bi203 glasses.    Fig.5  In￡rared emission spectra of 50Si02—5Al203—45MgO—

  AS shown in Fig.4，IR emiSsiOn intensity of glasseS de—    Bi203 glass sample under 690 and 808 nm excitation
  creaseS With inCreaSing optiCal basiCity in the bismuth
  doped 50Si02一菇A1203—（50—戈）  MgO—Bi203 glass sample.

  So the IR nuorescence should be originated  五rom low    3    COnCluSiOn

  Valence bismuth ions in the glasses inVestigated herein.  . The IR nuorescence properties were investigated in
    In order to identifyfurther that  .which low Valent bis.    bismuth—doped aluminosilicate glasses.The results show

  muth ions contribute to the IR emission，more inVestiga— the IR nuorescence intensity depends on the glasses host
  tionS were carried out.Figure 5 show S the lUm inesCence
    optiCal basiCity.The intenSity of the IR nuOreSCenCe de—

    creases with the increaSe of the host baSicity.The Origin
    O.63    0f the broadband IR luminescence was investigated.On

    the baSe Of the IR luminescenCe propertieS Of glaSSeS

    0.62 under VariOUS pUmping SOurCeS，the IR lUmineSCenCe
    置    centers might be蠡rom Bi+  and Bi2+  ions.The attractive
    u    properties of the Bi203一doped glasses make them use矗ul

    o.st董    时 矗o r ap p lic ation s in o p tica l c o m m u n ic atio n .
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