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Abstract： sin91e crystalline 8一Si3N4 nanobeIts synthesized via catalyst—assisted pyrolysis of p01yme^c precllrsor were

investigated usi“g absorptioⅡ，phot0Iummescence(pL)and phot01uminescent excitation(PLE)．The optical absorptioⅡ

spectnlm showed tllat the nanobeIts exhjbjted indhct absorp石on behavior wilh optjcaI baⅡd g叩of～5 0eV Three broad peaks

centered at 1．8ev’2．3eV and 3 0eV were obse“ed from PL spectrum oftlle nanobelts at room temperatllre The PLE spec拓a

sugges【the existence ofmuhi-fold enefgy leveIs within me g印．
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1 Introduction

Silicon nitride is a material widely used for

microelectronic a11d optoelectr伽ic application，such as

charge storage layers01’“radiative elements in thin film

1ight·emitting devices”1 similar t0 III-N semiconductors

(e．g，G扑T and AlN)，crystalline silicon ni仃ides possess

wide_band唱印semiconducting behavior aIld could be an

excellent bost material fbr its excellent themo．
mechanical properties， chemical inertness and high

doD8nt concentrationP¨】．RecemIv’one．dimensional nall．

ostucture of crystal silicon nitride such as nanobelt and

wire deveIoped quickIy and opens potentiaI app“cations

of也e nlaterials in electronic／oDtic nanodevices[7～1”

Therefore，understanding of electronic／optic properties

of silicon nitride is of a great interest．Previous studies

on the optical properties of silicon nitride are primarily

focused on ns amorphous form[12～1⋯．While the optic“

propert{es of crystaUine silicon nitrides were reported in

a fbw previous studies【“，2⋯，to the best of our knowledge

no detailed study on the subject has been reported，

particularly on nanost九Jctured sⅢcon ni仃ide．

In this papeL we report a detailed gtLldy on the

optical propenies of single crystal毋Si3N4 nanobelt8

pymlysis of a polysilazane p01ymeric precursor， as

described previously【1烈． The B—SiCN powders were

reacted with catalyst(Fecl2 in this study)to f0瑚
Si—C—Fe liquid alIoy droplets．The nanobelts werc then

precipitated and grew f-rom the 1iquid droplets at 1250℃

under a now of}b．

Figl is TEM jmages of the obtained nanobelts，

which are 20nm～40nm in thickness．400nm～lOOOnm in

width．SEM shows jt has a few hundreds of micrometers

to several millimeters in 1ength．X-fay diffhction and

h培h-res01ution electron mmsmission micfoscopy studies

revealed that the nanobelts are single crystalline and

小Si3N4 phasei“J．optical properties of a-Si3N4 nanobelt

are invest增ated by absorption spectra on uV_3 1 00

double channel spectrometer，phot01uminescence(PL)
on UV-lamb micro—zone Rama士1 spec廿ometer measured

under the excitation of HeCd laser 325 nm line

(Ee，=3．81eV)，and photoIuminescent excitation(PLE)

2 Experimental

Crystalline d—Silicon nitride(d—Si3N4)naIlobeIts
used in this study was synthesi2ed by catalyst吨ssisted Fig．1 TEM inlages ofthe d—si3N4 nanobelts
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on F．4500．

3 Analysis and Discussion

T0 investigate nanobelts optical b蚍d，the optical

absorption of the nanobelts was measured bv mounting

them on 8 quartz substrate Fig．2a shows the relationship

between absorbance a versus photon ene喑y充u．The

spectmm shows that the nanobelts possess an absorp石oⅡ

edge around 5．Oev， above which the absorphon

coefficiem increases r叩idly with photon energy IⅡ

addition，a weak absorp虹on peak centered at 4 2eV can

also be seeIL SitNd is semiconductor with indirect

baⅡd_gap’thus absorption coe衔cient is f0110wing叫：

血(壳印=k。(壳D+‰。咖一占0。)2．

P衄0nEne嚼r／cV

Fig．2 TraⅡsmission optical absorption spec打a ofthe

d—S1州4 nanobel拓

A 1inear relationship was observed be铆een square

root of absorbance and photon energy，and band g叩is
estilnated to be 4 9eV by ex订apolation This value is

closelv consistent with meoretical resultl2“．where the

extrapolated 0ptical band gap of“一SbN4 was calculated

to be 5．0eV～5．2eV Current result suggests mat the

nanobens nossiblv contain 10wer amount of Si．Si defects

iⅡband gap，thus the intrinsic absorption can be revealed．

The weak absorption peak at 4．2eV suggests the exis-

tence ofsucb defbcts．

Intensive li吐t．emission of the nanobelts was

observed．Fjg．3 is a typical PL spectmm of the nanobelts．

The sDectr岫shows a broad emission band with the

maximum at～2．3eV The broad band can be further s口lit

into three broad peaks by Gauss line-typ。peak fitting，

centercd at 1-8，2 3 and 3．0ev'respectively The similar

PL behavior was observed fof 啪orDhous silicon

nitridem，14～16，2”．In these Drevious studies[14，16】，the PL

spectra of amorphous silicon nitride were explained by a

model based on lhe Si—Si bonds seDarated bv 4．6 eV

According to this model，the main broad PL peak at 2．3

eV～2 5eV was ascribed to the radianve recombination

between electrDns and holes in the Si．Si def色ct states

and the metastable silicon-dangling bond(F center)．

The t瑚gjtion at～3．OeV occurs between elec仃on，1lole

traps(witll the trap depth between 1．3eV～1．5eV from

the Si．Si defect states 4．6 eV for stoichiometry Si^N4，

respectively【191)．The similarity between the PL spectra

fbr the amor口hous silicon nitride and the naⅡobelts

su叠叠ests tllat it is likelv that the s啪e def色cts were

involved in optical processes．

Photon Energy，eV

Fi93 Pbot01umi雠scence ofthe Si3N4 nanobelts under

excitationof325nm atl日omtempen札rc．Dotsline

shows the oauss-nt peaks，centered at 1-8ev’2．3eV

and 3．0ev'Tcspectively

In order to fUnher understand血e 1i仨ht emission

Drocesses． the luminescence of the nanobelts was

measured as a function of excitation energy at selective

detection ene赡ies．Fig 4a and 4b show也e PLE spectra

wi出de把ctjon at 3．3 eV(eI)and 1．8 eV慨)，『especljvely
It can be seen that fbr both detections the maximum

luminescence intensitv occurs at the similar excitation

energy；the onset ene增y is～5．0 eV'which is consistent

with the measured i小rinsic optical g印(fig．2)．This
result suggests tllat the m旬or c衄埘buti伽f打也e

Dhotoluminescence of the nanobens is me仃ansition

between intrinsic band edges．Previous studyL。11 revealed

that the photoluminescence of arnorphous silicon nitride

was dominated bv the transition between Si-Si defbct

states It is 1ikelv tbat the amount of Si—Si defccts in the

crystalline nanobelts is much less than that in amorphous

Sj3N4．Both PLE spectra appears to have a coⅡ嫡bution

f幻m a De曩k at～4 2e v’which is consistem with the weak

peak observed in the absoI_ption spectrum(ng．2)．This

result fllrther suggests the existence of the transition at

4．2eV The PLE spectrum for 01 also contains a peak at

～4．6e v．whjch is not observed in the PLE s口ectnlm for

02． The 4．6eV transition could afise from Si—Si

defect【14，1“．

Robertsonf241 has d矗ned defects in silicon nitride

to be offourty口es：Si—Si眦dN—N bonds，and Si and

N dangling bonds 111e S卜Si bond foms a bonding

—orbjtal and antibonding矿-orb“al that s印arated by

4．6eV for stoichiometrv silicon ni订ide【14，1制．The silicon

∞e、古1s口u葛『I等020目苣三。芑II山

j．*西§oko∞o《
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daIl91ing bond foms a defects state about the mid gap

betweeⅡ伊矿【24，2”．According to R0bensoⅡ【2”，besideg

the nitrogen dangling b册d(N2”，N c朋ter)，锄other t)，pe

ofnitrogen defcct state can also give rise to levels within

the S㈣gap：n砌ely N4+．111e N4+can be for士nedby

reaction between positively charged silicon daⅡgle bond

and a bulk ni仃ogen(si3++N3”=N4++Si4”)．Previous

stIldies【16’26】suggested that t11e N4+and N20 defects forⅡ1

ene唱y lcvels with the trap dep山of 1．3eV乙1．5eV f如m

the Si-siballd e衄es，respectively

≤

≥
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占
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邑

Excitation Energy，eV

Fig 4 The photol咄inescence excitation spec打a oftheⅡ一si3N4

n柚obeIts witb detection at：(a)3 3eV and(b)l 8eV

Based on previous works．PL and PLE spectra can

be rationalized that the PLE peal【at 2．6eV for旬is

口ossibIy due to the doubIe photons-absorption exc“ation

from intrinsic valence ed2e to Ko center aⅡd then to the

in廿insic conduction edge．Since the probability fbr such

double excitation is 10w．the con订ibution from 2．5eV

Deak is much lower tllan others．

In小Si3N4 nanobelt wi也血ickness of 20Ⅱm，the

band-edge absorption spectra demonstrate optical

absorption behavior of口-Si3N4 nanobelt follow tlle

jndirect g印 absorp廿oD．The pboto】uminescence and

photoluminesc钿ce excitation spectm i1Iustfate that there

are muhifold kinds of im口urnies in小Si3N4 nanobelt and

their impwity energy 1evel dis仕ibute in gap．
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咖Si3N4单晶纳米带的光致发光及激发光谱研究

范翊1，金华1，罗劲松1，杨为有2，张立功1，谢志鹏2，安立楠1

(1．中国科学院长春光学精密机械与物理研究所激发态物理重点实验室，吉林长春130033)

(2．清华大学新型陶瓷与精细工艺国家重点实验室，北京100084)

摘要：采用催化裂解有机前驱体方法制备出单晶毋si3N。纳米带

谱。吸收光谱表明约5．0ev禁带宽度的纳米带是间接带半导体吸收

峰。PLE光谱显示在能隙中存在多个能级。

关键词：d—Si3N4；单晶；吸收；光致发光

研究了纳米带的吸收光谱、光致发光(PL)及激发(PLE)光

室温下纳米带的PL光谱在J se、‘2 3ev和3．ocv处有3个宽
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