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Abstract : Using a nanoscale silica f iber taper ,light can be eff iciently coupled int o a single ZnO nanowire by means

of evanescent coupling. The met hod is valid f or launching light int o a single nanowire in t he ult raviolet t o inf ra red

range wit h a coupling eff iciency of 25 %. L ow2loss op tical guiding of ZnO nanowires is demonst rated , and t he p ho2
t oluminescence of a single ZnO nanowire is also observed. Comp ared t o conventional app roaches in w hich a lens2
f ocused laser beam is used t o excite nanowires at specif ic wavelengt hs , t his evanescent coupling app roach has ad2
vantages such as high coupling eff iciency and broad2band validity , and it is p romising f or t he op tical characteriza2
tion of semiconduct or nanowires or nanoribbons .
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1　Introduction

Wit h t heir low dimensions and high versatili2
ty , op tical2quality semiconductor nanowires show
great p romise for use as nanoscale building blocks
in p hotonic applications such as nanowire lasers ,
nanowire waveguides , and nanop hotonic cir2
cuit s[ 1～5 ] . Among such applicable optical
nanowires ,ZnO nanowire is of special interest be2
cause of it s favorable p roperties , such as high uni2
formity for low optical lo ss , large bandgap for
broadband optical t ransparency , efficient p hotolu2
minescence for active devices ,large exciton binding
energy ,and high index for st rong confinement of
light . For p hotonic applications ,t he optical p roper2
ties of nanowires (e. g. optical lo ss and p hotolumi2
nescence) are critical to bot h the characterization
and application of these nanowires , in which
launching light into a single nanowire is an essen2
tial step . In p revious works[3 ,6 ,7 ] ,a laser beam wit h
wavelengt h in t he absorption band of ZnO is fo2
cused by a lens to excite t he nanowire to obtain lu2
minescent emission. The p hotoluminescence ,which
is usually centered on certain wavelengt hs and is a2
vailable wit hin relatively narrow spect ral bands ,is

used for optical characterization of t he nanowire.
Wit h t his technique ,t he usable light wavelengt h is
limited to the available spect ral range of t he p hoto2
luminescence , and the coupling efficiency is rela2
tively low. Here we int roduce an evanescent cou2
pling met hod for launching light into a single ZnO
nanowire using a silica fiber nanotaper t hat is valid
for launching light into a single nanowire in t he ul2
t raviolet to inf rared range with a high coupling ef2
ficiency ,and is p romising for t he optical character2
ization of semiconductor nanowires.

2　Synthesis of ZnO nanowires

The ZnO nanowires were synt hesized wit h a
carbothermal route[8 ] . The source materials were a
mixt ure of commercial ZnO wit h a p urity of 9910 %
and grap hite powder wit h a p urity of 99199 % in a
molar ratio of 1∶1. The wires were grown on sin2
gle crystalline silicon subst rate wit hout employing
any catalyst or vacuum system. The f urnace tem2
perat ure was kept at 900℃ for 30～60min wit h a
constant argon flow rate of 1600sccm. Long ( >
50μm) , st raight ZnO nanowires were collected at
t he downst ream end ,where t he temperat ure was a2
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bout 500℃. The as2grown nanowires were dispers2
ed onto silicate subst rates.

Scanning elect ronic microscope images of typi2
cal ZnO nanowires are shown in Fig. 1. The
nanowires are grown along t he [ 001 ] direction
with diameters ranging f rom 250 to 600nm and
lengt hs up to hundreds of micrometers ( Fig. 1
(a) ) . The cross section of the nanowires is hexa2
gonal ( Fig. 1 (b) ) . The high uniformity and defect2
f ree surface of t he nanowire are clear in Fig. 1 (b) ,
which give t he wire high st rengt h for micromanip2
ulation.

Fig. 1　SEM images of typical as2grown ZnO nanowires

　(a) Overhead view of ZnO nanowires ; (b) Close2up

of a 425nm2diameter

3 　Optical launching of ZnO nano2
wires by evanescent coupling

　　The as2grown ZnO nanowires have favorable
p roperties for optical wave guiding. For example ,
t he high uniformity of t he diameter and excellent
smoothness of t he sidewall of t he wire make low2
lo ss optical wave guiding possible ; t he large
bandgap of ZnO ( 3135eV ) makes it t ransparent
within a broad spect ral range ( down to 370nm on
t he short2wavelength end) ;and t he high ref ractive

index (about 21 0 at 633nm) makes it possible to
tightly confine t he guided field wit hin small diame2
ters.

For optical characterization , we launch light
into a single nanowire using an evanescent coupling
met hod ,as illust rated in Fig. 2. In p revious work ,
evanescently coupling light into a silica nanowire
using an optical fiber tapered down to a uniform
nanowire has been p roven to be an efficient meth2

Fig. 2　Schematic diagram (a) and optical micrograph
(b) of the evanescent coupling approach to launching

light into a single nanowire

od[9 ,10 ] . However ,t he ZnO nanowires have a signif2
icantly different index f rom t he silica nanotaper
(1146 at 633nm) , resulting in large differences in
p ropagation constant s as shown in Fig. 3 , which
may make efficient coupling difficult . We use a
nanotaper wit h a steep tapering shape to account
for t his difference. As shown in Fig. 2 , a uniform
ZnO nanowire is brought into contact with a nano2
taper t hat tapers down f rom an optical fiber . Unlike
t he nanotapers used in previous works , t his nano2
taper maintains an obvious tapering tendency along
it s whole lengt h , making it possible to match t he
effective index of the nanotaper to t hat of t he
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Fig. 3 　Calculated propagation constant s of a ZnO

nanowire and a silica nanotaper at 633nm

nanowire wit hin t he coupling region. U sing this
scheme , effective coupling is obtained. Figure 4
shows an optical microscope image of coupling
633nm2wavelengt h light into a ZnO nanowire by
means of a silica fiber nanotaper . The coupling effi2
ciency ,estimated by t he ratio of the scat tering in2
tensities around t he outp ut end of t he nanowire and
t he coupling area between t he nanotaper and the
nanowire ,is about 25 %. This is much higher t han
t hat obtained using a lens2focused approach , in
which a much lower f raction of t he focused light
can be accepted by t he nanowire and t he quant um
efficiency of t he p hotoluminescence is lower t han
t he unit .

Fig. 4 　Optical micrograph of launching 633nm light

into a ZnO nanowire by means of a silica nanotaper

4 　Optical characterization of ZnO
nanowires

　　With t he evanescent coupling technique , the
optical p roperties of a single ZnO nanowire are in2
vestigated. Figure 5 ,for example , shows a 425nm2
diameter ZnO nanowire guiding 633nm light on the
surface of a silicate glass subst rate. Because of the

large index difference between t he nanowires
(2101) and silicate subst rate ( 1152) , t he 633nm
light is well confined on the surface of t he glass
and guided along the nanowires until it exit s at t he
right end. No obvious scat tering is observed along
t he whole lengt h of t he nanowire in spite of t he
st rong guided intensity ,indicating low optical lo ss
in t he wire.

Fig. 5　Optical micrograph of a ZnO nanowire guiding

633nm light on the surface of a silicate glass subst rate
(a) With external illumination ; (b) Without external il2
lumination

Photoluminescence ( PL ) f rom a single ZnO
nanowire is also observed when it is excited using
an evanescent coupling met hod. Figure 6 (a) shows
optical micro scope images of an 80μm2long ZnO
nanowire before excitation. When t he 325nm light
(f rom a continuous wave He2Cd laser) is coupled
into t he nanowire by a silica nanotaper ,obvious e2
mission is observed at t he end face of t he nanowi2
re ,which can be used to measure t he p hotolumines2
cence f rom a single wire.

Fig. 6　Photoluminescence observed in a ZnO nanowire

when it is excited at 325nm by means of evanescent

coupling　(a) Before excitation ; (b) After excitation

5　Conclusion

In summary ,an evanescent coupling approach
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has been int roduced for launching light into a sin2
gle ZnO nanowire. A silica fiber nanotaper wit h a
steep tapering shape is used for matching t he effec2
tive indices of t he nanowire and t he nanotaper . A
coupling efficiency of 25 % is obtained. Wit h this
coupling approach , low2lo ss optical guiding and
p hotoluminescence of single ZnO nanowires are al2
so observed. The high coupling efficiency and
broad2band applicability of t he evanescent coupling
met hod make it very promising for the optical char2
acterization of t he optical2quality semiconductor
nanowires.
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ZnO纳米线光学特性测试的倏逝波耦合 3
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摘要 : 使用纳米氧化硅光纤探针 ,利用倏逝波耦合方法 ,将紫外到红外的激光成功地耦合进单根 ZnO纳米线 ,耦合
效率可达 25 %.实验观测了单根纳米线的荧光特性 ,发现 ZnO纳米线光传输损耗很低 .研究证明 :采用透镜聚焦激
发纳米线发光的传统耦合方法 ,只能使用特殊激发波长的光 ;而倏逝波耦合方法具有高效、适用性强的特点 ,在半
导体纳米线和纳米带的光学特性研究中有广泛的应用前景.
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