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Abstract The dispersion properties of photonic crystal fiber(PCF)was analyzed by an effective refractive model，and the 

eigenvalue equation of the fundamental space—filling mode in infinite air silica micro—structure was presented．The analysis re。 

slllts show that PCF has unusual dispersion property，which Can support single mod e transmission in a very large wavelength 

range and have anomalous dispersion under singe mode operation．Zero dispersion wavelength Can be shifted by adjusting the 

structure param eters of PCF．Finally，PCF with large air holes and its applications in dispersion compensation were also dis’ 

cussed． 
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光子晶体光纤的色散特性分析 

池 灏 曾庆济 赵焕东 刘 华 肖石林 王建新 

(上海交通大学宽带光网中心，上海 ，200030) 

摘要 采用有效折射率模型分析了光子晶体光纤的色散特性，并给出了无限大空气玻璃微结构中基模的本征方 

程．分析结果表明光子晶体光纤具有奇异的色散特性，能在极大的波长范围内支持单模传输，在单模工作时可以具 

有反常波导色散．同时通过调整光子晶体光纤的结构参数(包括空气孔径和孔间距)可以移动零色散点的位置．最 

后讨论 了大空气孔光子晶体光纤的特性及其在色散补偿中的应用． 

关键词 光子晶体光纤，色散，有孔光纤，微结构光纤． 

Recently．photonic crystal fiber(PCF)，also 

called holey fiber or micro—structured fiber or silica fi· 

ber with a hexagonal array of air holes along its length， 

has attracted a lot of attentions，since it provides many 

unusual properties，such as extra chromatic dispersion， 

a wide wavelength range single mode operation，and 

the tailorability of property et a1．．The PCF is fabrica— 

ted by introducing a defect or a missing hole in an ar— 

ray of regularly spaced tiny air holes along its propaga一 
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tion axis and the light is gu ided along the defect 

throughout the fiber length[1]．The adjustable proper— 

ties of PCF suggest a lot of potential applications，in— 

cluding gas sensing，low transmission loss fiber，short· 

wavelength solition transmission，dispersion compensa’ 

tion，an d ultra broadband continuum generation． By 

designing novel structure and using different materials， 

the range of applications of the PCF should be expand— 

ed further[2，9]． 

As shown in Fig．1，PCF can gu ide light using two 

different mechanisms．Th e first iS based on photonic 
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Introduction 

Recently, photonic crystal fiber (PCF), also 

called holey fiber or micro-structured fiber or silica fi­

ber with a hexagonal array of air holes along its length, 

has attracted a lot of attentions, since it provides many 

unusual properties, such as extra chromatic dispersion, 

a wide wavelength range single mode operation, and 

the tailorability of property et al. . The PCF is fabrica­

ted by introducing a defect or a missing hole in an ar­

ray of regularly spaced tiny air holes along its propaga-
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tion axIS and the light is guided along the defect 

throughout the fiber length [ 1 J. The adjustable proper­

ties of PCF suggest a lot of potential applications, in­

cluding gas sensing, low transmission loss fiber, short­

wavelength solition transmission, dispersion compensa­

tion, and ultra broadband continuum generation. By 

designing novel structure and using different materials, 

the range of applications of the PCF should be expand­

ed further [ 2,9] . 

As shown in Fig. 1, PCF can guide light using two 

different mechanisms. The first is based on photonic 
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tion axIS and the light is guided along the defect 

throughout the fiber length [ 1 J. The adjustable proper­

ties of PCF suggest a lot of potential applications, in­

cluding gas sensing, low transmission loss fiber, short­

wavelength solition transmission, dispersion compensa­

tion, and ultra broadband continuum generation. By 

designing novel structure and using different materials, 

the range of applications of the PCF should be expand­

ed further [ 2,9] . 

As shown in Fig. 1, PCF can guide light using two 

different mechanisms. The first is based on photonic 
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Fig．1 Cross section of photonic crystal fiber where 

air holes ale arranged in a hexagonal lattice in clad— 

ding region，and a defect is introduced 

图 1 光子晶体光纤的横截面空气孔以六边形 

分布在包层区域，结构中间引人了缺陷 

band-gap effects，which is utilized to confine light in 

the core region． This type of wave-guide has been 

demonstrated experimentally． The second mechan ism 

resembles that of conventional fiber due to the fact that 

the wave．guide is caused by a total internal reflection． 

Th e central defect jn the PCF acts as the fiber core． 

and·the surrounding periodic structure as cladding 

Light is allowed to gu ide since index difference between 

the defect region an d the air．silica microstructure clad- 

ding．In this paper the total internal reflection PCF is 

exclusively discussed，it doesn’t depend on precise 

layout of air holes，but provides many interesting prop- 

erties． 

In this paper，we focus on the chromatic disper- 

sion characteristics of PCF．In Sec．1 we give the theo- 

retic model and the effective index method in detail． 

Th e computing results an d discussions will be presen- 

ted in Sec．2．Sec．3 contains a summary． 

1 Model and method  

Let us assume that the PCF is uniform in the prop- 

agation direction(z)．The transverse component of e- 

lectric e‘satisfies the following vector wave equations 

[3]， 

{V 2,+i,2on 【‘了V tn2)．0 = et，(1) 
where V‘denotes the gradient operator in the xy 

plane，k0=2~r／h is the free space wave number，and 

n=n(x1)is the refractive index profile and the vector 

e ： e ，ey) gives the transverse electric field． 

Although the vector equation can be calculated 

accurately in principle via expanding the modal field 

and index profile by use of the Gaussian--Herm ite func-- 

tion and the cosine(or sine)function as the set of ba- 

sis functions，the calculation process can be quite com‘ 

plicated an d time consuming，even prohibitive in prac- 

tice． Fortunately．when PCF’s air hole is small e- 

nough(which is also the condition of endless single 

mode)，it resembles a weak wave guidance，and the 

scalar method provides useful approximation of the 

property of PCF．Th e effective index model introduced 

in reference[4，6]has been proved to be a significant 

scalar approach to approximate the dispersion an d the 

mode field distribution of PCF．But the author didn’t 

give the detailed process of this mode1．We here ana‘ 

lyzed the effective index model in detail and present 

the eigenvalue equation of the cladding mode，and then 

use this model to discuss the dispersion characteristic 

of PCF． 

In the effective index model，the effective index of 

cladding (air—silica structure) is computed by the 

propagation constant of the fundamental space-filling 

mode(FSM)of infinite air-silica configuration， Fŝf． 

The FSM is the fundamental mode in periodic air—hole 

silica structure without central defect。so the岱PsM is the 

maximum propagation constant perm itted in the struc‘ 

ture．The effective refractive index of cladding can be 

expressed as：n f̂／k0，where k0 is the free space 

wave number．Then，the effective V value of PCF can  

be obtained as ： 

= koA(n 一n 2) ， (2) 

where A is the spacing of the air holes，which is used 

to denote the tran sverse dimension of the core of PCF， 

石英 

Fig．2 Round approximation of hexagonal unit cell 

of photonie crystal fiber with central air hole 

图 2 光子晶体光纤的含空气孔六边形区域近 

似为圆形 ． 
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Fig. 1 Cross section of photonic crystal fiber where 

air holes are arranged in a hexagonal lattice in clad­

ding region, and a defect 'is introduced 
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band-gap effects. which is utilized to confine light in 

the core region. This type of wave-guide has been 

demonstrated experimentally. The second mechanism 

resembles that of conventional fiber due to the fact that 

the wave-guide is caused by a total internal reflection. 

The central defect in the peF acts as the fiber core , 
and' the surrounding periodic structure as cladding. 

Light is allowed to guide since index difference between 

the defect region and the air-silica microstructure clad­

ding. In this paper the total internal reflection peF is 

exclusively discussed, it doesn' t depend on precise 

layout of air holes, but provides many interesting prop­

erties. 

In this paper, we focus on the chromatic disper­

sion characteristics of peF. In Sec. 1 we give the theo­

retic model and the effective index method in detail. 

The computing results and discussions will be presen­

ted in Sec. 2. Sec. 3 contains a summary. 

1 Model and method 

Let us assume that the peF is uniform in the prop­

agation direction ( z ). The transverse component of e­

lectric e, satisfies the following vector wave equations 

[3 J. 

{ V; +k~n2 + V ,[ ( V~;2) • 0] Je, =rie,. (1) 

where V, denotes the gradient operator in the xy 

plane, ko = 2'Tr1 A is the free space wave number, and 

n = n (x,) is the refractive index profile and the vector 

22 :ft; 

e, = (ex .ey) T gives the transverse electric field. 

Although the vector equation can be calculated 

accurately in principle via expanding the modal field 

and index profile by use of the Gaussian-Hermite func­

tion and the cosine (or sine) function as the set of ba­

sis functions, the calculation process can be quite com­

plicated and time consuming, even prohibitive in prac­

tice. Fortunately, when peF' s air hole is small e­

nough (which is also the condition of endless single 

mode) , it resembles a weak wave guidance, and the 

scalar method provides useful approximation of the 

property of peF. The effective index model introduced 

in reference [4,6] has been proved to be a significant 

scalar approach to I;lpproximate the dispersion and the 

mode field distribution of peF. But the author didn' t 

give the detailed process of this model. We here ana­

lyzed the effective index model in detail and present 

the eigenvalue equation of the cladding mode. and then 

use this model to discuss the dispersion characteristic 

of peF. 

In the effective index model, the effective index of 

cladding (air-silica structure) is computed by the 

propagation constant of the fundamental space-filling 

mode (FSM) of infinite air-silica configuration, f3 FSM. 

The FSM is the fundamental mode in periodic air-hole 

silica structure without central defect, so the f3FSM is the 

maximum propagation constant permitted in the struc­

ture. The effective refractive index of cladding can be 

expressed as: neff =f3FsMlko. where ko is the free space 

wave number. Then, the effective V value of peF can 

be obtained as: 

(2) 

where A is the spacing of the air holes, which is used 

to denote the transverse dimension of the core of peF . 

Fig. 2 Round approximation of hexagonal unit cell 

of photonic crystal fiber with central air hole 
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where 'i/, denotes the gradient operator in the xy 

plane, ko = 2'Tr1 A is the free space wave number, and 

n = n (x,) is the refractive index profile and the vector 

22 :ft; 

e, = (ex .ey) T gives the transverse electric field. 

Although the vector equation can be calculated 

accurately in principle via expanding the modal field 

and index profile by use of the Gaussian-Hermite func­

tion and the cosine (or sine) function as the set of ba­

sis functions, the calculation process can be quite com­

plicated and time consuming, even prohibitive in prac­

tice. Fortunately, when peF' s air hole is small e­

nough (which is also the condition of endless single 

mode) , it resembles a weak wave guidance, and the 

scalar method provides useful approximation of the 

property of peF. The effective index model introduced 

in reference [4,6] has been proved to be a significant 

scalar approach to I;lpproximate the dispersion and the 

mode field distribution of peF. But the author didn' t 

give the detailed process of this model. We here ana­

lyzed the effective index model in detail and present 

the eigenvalue equation of the cladding mode. and then 

use this model to discuss the dispersion characteristic 
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In the effective index model, the effective index of 

cladding (air-silica structure) is computed by the 

propagation constant of the fundamental space-filling 

mode (FSM) of infinite air-silica configuration a , fJFSM· 

The FSM is the fundamental mode in periodic air-hole 

silica structure without central defect, so the f3FSM is the 

maximum propagation constant permitted in the struc­

ture. The effective refractive index of cladding can be 

expressed as: neff =f3FsMlko. where ko is the free space 

wave number. Then, the effective V value of peF can 

be obtained as: 

V - k A (2 2 ) 1/2 
eff - o.l~ no - neff ' (2) 

where A is the spacing of the air holes, which is used 

to denote the transverse dimension of the core of peF . 

Fig. 2 Round approximation of hexagonal unit cell 

of photonic crystal fiber with central air hole 
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Fig．3 Dependence of on A／A with different air 

hole relative diameter d／A 

图 3 不同空气孔相对直径d／A时 与 的 

关系 

n0 is the refractive index of silica．The V value can be 

used to judge whether the fiber is single mode and to 

estimate the mode number supported in the fiber． 

0 FsM is calculated in a scalar approximation．Be— 

cause the infinite photonic crystal is periodical and 

symmetric，one can solve the FSM within a unit cell 

centered on one of the air holes with diameter d(Fig． 

2)．According to the symmetry of structure，the dege 

condition at the brim of unit can be expressed as 06／0 

s=0，because of reflection symmetry
， where西 is the 

scalar field，while s denote the direction normal to the 

edge[4]．Also，西satisfies continuous condition at the 

air—silica interface．If the air hole is not too large
， the 

unit cell can be approximate by a circle
， so the edge 

condition is changed to ddp／dr=0 at r=b
． Th e radius 

b of the circle can be deduced by equating the air hole 

fraction of round model to that of actual unit
， or ap— 

proximated to A／2 directly for a small air hole．111is 

approximation is reasonable，since we mainly concerns 

the dispersion characteristics of PCF at endlessly single 

mode operation，which demands that the air．hole—diam — 

eter to the hole—hole pitch ratio d／A is less than a ce卜 

tain value． 

Consider the above two edge conditions an d the 

natural edge condition at the origin
，
the tran sverse sca— 

lar field component can be expressed as[11]： ． 

r<d 

+CNo( U r)]
，
d／2<r<6 
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Fig．4 Wave·guide dispersion of PCF for different 

d／A ratio at A =2．3gm 

图4 在A=2．3wn时，不同 d／A 比情况下的光 

子晶体光纤的波导色散 

where = ·d／2
，
U= 

·

d／2(n1 is the refractive index ofair or any other ma． 

terial filled in the holes)，10(o)，J0(o)，No(o)are 

the modified first kind of Bessel function of zero order
． 

the first kind of Bessel function of zero order and the 

second kind of Bessel function of zero order，respec— 

tively． 

Based on the relationship between tran sverse corn— 

penent and longitudinal component of the scalar field 

an d the edge condition at r=d／2 and r=A／2
． w e 

reach the eigenvalue equation of the FSM in infinitely 

periodical air—silica structure as follow[1 1] 

[ ± 3： [ ± 3 
U ．’ 

(4) 

where 

Th e maximum卢value 

tion is FsM． 

satisfying the eigenvalue equa· 

One prominent aspect of PCF lies in that its wave— 

guide property varies with the relative wavelength with 

respect to the air hole structure dimension A，but not 

the absolute wavelength．Hence，it is able to transfer 

one wavelength to another wavelength while keeping the 

(3) wave—guide dispersion unchanged by adjusting the di
—  

mension and spacing of the air holes the PCF．Depend— 
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no is the refractive index of silica. The V value can be 

used to judge whether the fiber is single mode and to 

estimate the mode number supported in the fiber. 

{3FSM is calculated in a scalar approximation. Be­

cause the infinite photonic crystal is periodical and 

symmetric, one can solve the FSM within a unit cell 

centered on one of the air holes with diameter d (Fig. 

2). According to the symmetry of structure, the dege 

condition at the brim of unit can be expressed as iJ<I>l iJ 

s = 0, because of reflection symmetry, where <I> is the 

scalar field, while s denote the direction normal to the 

edge [4]. Also, <I> satisfies continuous condition at th~ . 
air-silica interface. IT the air hole is not too large, the 

unit cell can be approximate by a circle, so the edge 

condition is changed to d<f>1 dr = 0 at r = b. The radius 

b of the circle can be deduce~ by equating the air hole 

fraction of round model to that of actual unit, or ap­

proximated to /\/2 directly for a small air hole. This 

approximation is reasonable, since we mainly concerns 

the dispersion characteristics of PCF at endlessly single 

mode operation, which demands that the air-hole-diam­

eter to the hole-hole pitch ratio dl A is less than a cer­

tain value. 

Consider the above two edge conditions and the 

natural edge condition at the origin, the transverse sca­

lar field 'component can be expressed as [11] : 

W 

l
A1o(dI2 r ) , r<d 

<l>r = U U 
B[Jo( dl2r ) + CNo( dl2r)] ,d12 < r < b 

(3) 

o 
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where W =J {3 FSM 
2 

- n I 2 ko 2 • d12, u =J no 2 ko 2 - {3 FSM 
2 

. dl2 (nl is the refractive index of air or any other ma­

terial filled in the holes) , 10 (0) , 10 (0) , No (0) are 

the modified first kind of Bessel function of zero order , 
the first kind of Bessel function of ~ero order and the 

second kind of Bessel function of zero order, respec­

tively. 

Based on the relationship between transverse com­

ponent and longitudinal component of the scalar field 

and the edge condition at r = dl2 and r = AI2 we , 
reach the eigenvalue equation of the FSM in infinitely 

periodical air-silica structure as follow [ 11 ] 

10 ( W)[ 1 ~ (U) + CN ~ (U)] _ 1 ~ ( W)[ 10 (U) + CNo ( U) ] 

where 

W - U 
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1° (-diib ) 

C= - . u . 
N 0(dI2b) 
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The maximum {3 value satisfying the eigenvalue equa-

tion is {3FSM' 

2 Results and .Discussions 

One prominent aspect of PCF lies in that its wave­

gui~e property varies with the relative wavelength with 

respect to the air hole structure dimension A, but not 

the absolute wavelength. Hence, it is able to transfer 

one wavelength to another wavelength while keeping the 

wave-guide dispersion unchanged by adjusting the di­

mension and spacing of the air holes the PCF. Depend-
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no is the refractive index of silica. The V value can be 

used to judge whether the fiber is single mode and to 

estimate the mode number supported in the fiber. 

{3FSM is calculated in a scalar approximation. Be­

cause the infinite photonic crystal is periodical and 

symmetric, one can solve the FSM within a unit cell 

centered on one of the air holes with diameter d (Fig. 

2). According to the symmetry of structure, the dege 

condition at the brim of unit can be expressed as iJ<I>l iJ 

s = 0, because of reflection symmetry, where <I> is the 

scalar field, while s denote the direction normal to the 

edge [4]. Also, <I> satisfies continuous condition at th~ . 
air-silica interface. IT the air hole is not too large, the 

unit cell can be approximate by a circle, so the edge 

condition is changed to d<f>1 dr = 0 at r = b. The radius 

b of the circle can be deduced by equating the air hole 

fraction of round model to that of actual unit, or ap­

proximated to /\/2 directly for a small air hole. This 

approximation is reasonable, since we mainly concerns 

the dispersion characteristics of PCF at endlessly single 

mode operation, which demands that the air-hole-diam­

eter to the hole-hole pitch ratio dl A is less than a cer­

tain value. 

Consider the above two edge conditions and the 

natural edge condition at the origin, the transverse sca­

lar field 'component can be expressed as [11] : 

W 

(

Alo(dI2r) , r<d 

<l>r = U . 
B[Jo( dl2r ) + CNo( d~2r) ] ,d12 < r < b 

(3) 
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the absolute wavelength. Hence, it is able to transfer 
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ence of on A／A th different air hole relative diam— 

eter d／A is shown in Fig．3，where the material disper- 

sion of silica is not considered in the case．The cutoff 

value for step—index fiber 2．405 cannot be  directly 

applicable to the case of PCF since here the diameter of 

core is estimated，but it can be determined the value by 

experiment．For exam ple，if the maximum d／A ratio is 

0．2 that supports endlessly single mode operation，the 

cutoff value should be estimated to about 2．8(cor- 

responding curve is not plotted in the Fig．3)． 

Having found口FsM，it，s not difficult to determine 

the dispersion characteristics of PCF．Th e method is 

not different from ordinary step index fiber．Fig．4 il— 

lustrates the wave··guide dispersion of PCF with differ·· 

ent air hole relative diam eter d／A at air hole spacing A 

= 2．3Ixm．It is found that PCF can be anomalously(D 

>0)dispersive under single mode operation．which is 

impossible for the step—index fiber．Therefore，it is a— 

ble to shift PCF's zero dispersion point to less than 1． 

301．~m，which enab les it to allow the possibility of soli— 

ton transmission at 1．3／xm windows which need an oma- 

lous dispersion，an d support dispersiveless transmission 

at shorter wavelength． 

One of the most significant things about PCF is that 

its property can be tailored by adjusting the structure of 

PCF．It is much easier than the csse of step index fi— 

ber，as in Fig．4，which presents the variations of wave— 

guide dispersion of PCF with wavelength for different d／ 

A ratio．As exam ples，Fig．5 an d Fig．6 show the varia— 

tions of total dispersion of PCF D for different d／A rati— 

o，an d the variations of total dispe rsion D for different 

air hole spacing A，respectively，where the material 

dispersion ofglass is included and the refractive index is 

calculated by the Sellmeier form ula with the parameters 

for the pure fused silica[10]．Fig．5 shows that the zero 

total dispersion wavelength is decreased from 1．47p~n to 

1．28 with the increase of A from 2．2 to 3．0 ， 

while d／A is 0．15．Fig．6 also displays the large tun— 

ability of zero dispersion wavelength by adjusting the 
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For small air hole PCF，the wave—gu ide dispersion 

magnitude is limited as shown in Fig．4 due．to the small 

index difference between the core and the cladding． 

For large air h01e PCF，the effective index model is in— 

valid since the coupling between orthogonal field corn— 

ponents can not be negligible．Large air hole will re— 

duce the refractive index of the cladding，thus，the 

wave—guide dispe rsion is increased，the large air hole 

PCF has potential applications in dispersion compensa— 

tion as described in[7]．Since the large air hole PCF 

does not support single mode operation at all wave— 

length range，it needs carefully design and chooses 

suitable wavelength ban d to work in single mode．And， 

the fiber core will be quite small to support single mode 

operation due to the large refractive index difference． 

The simple model of a solid silica rod surrounded by ai
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ence of V ~ on AI,\ with different air hole relative diam­

eter dl A is shown in Fig. 3, where the material disper­

sion of silica is not considered in the case. The cutoff 

value V.ff for step-index fiber 2.405 cannot be directly 

applicable to the case of PCF since here the diameter of 

core is estimated, but it can be detenruned the value by 

experiment. For example, if the maximum dl A ratio is 

0.2 that supports endlessly single mode operation, the 

cutoff V.ff value should be estimated to about 2.8 (cor­

responding cun.e is not plotted in the Fig. 3 ) . 

Having found {3FSM' it's not difficult to determine 

the dispersion characteristics of PCF. The method is 

not different from ordinary step index fiber. Fig. 4 il­

lustrates the wave-guide dispersion of PCF with differ-

. ent air hole relative diameter dl A at air hole spacing A 

= 2. 3 ~m. It is found that PCF can be anomalously (D 

> 0) dispersive under single mode operation, which is 

impossible for the step-index fiber. Therefore, it is a­

ble to shift PCF'S zero dispersion point to less than 1. 

30~m, which enables it 'to allow the possibility of soli­

ton transmission at 1. 3pm windows which need anoma­

lous dispersion, and support dispersiveless transmission 

at shorter wavelength. 

One of the most significant things about PCF is that 

its property can be tailored by adjusting the structure of 

PCF. It is much easier than the case of step index fi­

ber, as in Fig. 4, which presents the variations of wave­

guide dispersion of PCF with wavelength for different dl 

A ratio. As examples, Fig. 5 and Fig. 6 show the varia-
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tions of tetal dispersion of PCF D for different dl A rati-

0, and the variations of total dispersion D for different 

air hole spacing A, respectively, where the material 

dispersion of glass is included and the refractive index is 

calculated by the Sellmeier formula with the parameters 

for the pure fused silica[ 10]. Fig. 5 shows that the zero 

total dispersion wavelength is decreased from 1. 47 ~ to 

1.28~ with the increase of A from 2.2~ to 3.0~, 

while dl A is O. 15. Fig. 6 also displays the large tun­

ability of zero dispersion wavelength by adjusting the 

structure parameters of PCF. 

For small air hole PCF, the wave-guide dispersion 

magnitude is limited as shown in Fig. 4 due ·to the small 

index difference between the core and the cladding. 

For large air hQle PCF, the effective index model is in­

valid since the coupling between orthogonal field com­

ponents can not be negligible. Large air hole will re­

duce the refractive index of the cladding, thus, the 

wave-guide dispersion is increased, the large air hole 

PCF has potential applications in dispersion compensa­

tion as described in [7]. Since the large air hole PCF 

does not support single mode operation at all wave­

length range, it needs carefully design and chooses 

suitable wavelength band to work in single mode. And, 

the fiber core will be quite small to support single mode 

operation due to the large refractive index difference. 

The simple model of a solid silica rod surrounded by ai,r 

can provide some insight into the large air hole PCF, 
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ence of V ~ on AI,\ with different air hole relative diam­

eter dl A is shown in Fig. 3, where the material disper­

sion of silica is not considered in the case. The cutoff 

value V.ff for step-index fiber 2.405 cannot be directly 

applicable to the case of PCF since here the diameter of 

core is estimated, but it can be detenruned the value by 

experiment. For example, if the maximum dl A ratio is 

0.2 that supports endlessly single mode operation, the 

cutoff V.ff value should be estimated to about 2.8 (cor­

responding cun.e is not plotted in the Fig. 3 ) . 

Having found {3FSM' it's not difficult to determine 

the dispersion characteristics of PCF. The method is 

not different from ordinary step index fiber. Fig. 4 il­

lustrates the wave-guide dispersion of PCF with differ-

. ent air hole relative diameter dl A at air hole spacing A 

= 2. 3 ~m. It is found that PCF can be anomalously (D 

> 0) dispersive under single mode operation, which is 

impossible for the step-index fiber. Therefore, it is a­

ble to shift PCF'S zero dispersion point to less than 1. 

30~m, which enables it 'to allow the possibility of soli­

ton transmission at 1. 3pm windows which need anoma­

lous dispersion, and support dispersiveless transmission 

at shorter wavelength. 

One of the most significant things about PCF is that 

its property can be tailored by adjusting the structure of 

PCF. It is much easier than the case of step index fi­

ber, as in Fig. 4, which presents the variations of wave­

guide dispersion of PCF with wavelength for different dl 

A ratio. As examples, Fig. 5 and Fig. 6 show the varia-
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tions of tetal dispersion of PCF D for different dl A rati-

0, and the variations of total dispersion D for different 

air hole spacing A, respectively, where the material 

dispersion of glass is included and the refractive index is 

calculated by the Sellmeier formula with the parameters 

for the pure fused silica[ 10]. Fig. 5 shows that the zero 

total dispersion wavelength is decreased from 1. 47 ~ to 

1.28~ with the increase of A from 2.2~ to 3.0~, 

while dl A is O. 15. Fig. 6 also displays the large tun­

ability of zero dispersion wavelength by adjusting the 

structure parameters of PCF. 

For small air hole PCF, the wave-guide dispersion 

magnitude is limited as shown in Fig. 4 due ·to the small 

index difference between the core and the cladding. 

For large air hQle PCF, the effective index model is in­

valid since the coupling between orthogonal field com­

ponents can not be negligible. Large air hole will re­

duce the refractive index of the cladding, thus, the 

wave-guide dispersion is increased, the large air hole 

PCF has potential applications in dispersion compensa­

tion as described in [7]. Since the large air hole PCF 

does not support single mode operation at all wave­

length range, it needs carefully design and chooses 

suitable wavelength band to work in single mode. And, 

the fiber core will be quite small to support single mode 

operation due to the large refractive index difference. 

The simple model of a solid silica rod surrounded by ai,r 

can provide some insight into the large air hole PCF, 
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while the effective index model is invalid．To predict 

the modal property accurately，it is necessary to devel- 

叩 a precise model to solve the wave equation(S)in 

PCF，which is under considerations by the authors and 

many other researchers[3，5，8]． 

In summary，the chromatic dispersion properties 

of PCF have been discussed using the effective index 

mode1．We an alyzed the refractive index model inde- 

tail，and presented the eigenvalue equation of FSM in 

the cladding． It has been shown that the wave-guide 

dispersion of PCF can be easily tailored by adjusting 

the structure parameters of PCF，and it is possible for 

PCF to be anomalously dispersive while under single 

mode operation，SO we can shift the zero net dispersion 

(include material dispersion)below 1．3um，which 

provides the possibility for the short wavelength soliton 

tran smission．The large air hole PCF and its applica- 

tions in dispersion compensation are also discussed． 
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while the effective index model is invalid. To predict 

the modal property accurately, it is necessary to devel­

op a precise model to solve the wave equation ( s) in 

PCF, which is under considerations by the authors and 

many other researchers [ 3 ,5 ,8 ] . 

3 Conclusions 

In summary, the chromatic dispersion properties 

of PCF have been discussed using the effective index 

model. We analyzed the refractive index model inde­

tail, and presented the eigenvalue equation of FSM in 

the cladding. It has been shown that the wave-guide 

dispersion of PCF can be easily tailored by adjusting 

the structure parameters of PCF, and it is possible for 

PCF to be anomalously dispersive while under single 

mode operation, so we can shift the zero net dispersion 

(include material dispersion) below 1. 3um, which 

provides the possibility for the short wavelength soliton 

transmission. The large air hole PCF and its applica­

tions in dispersion compensation are also discussed. 
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