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Abstract: In this paper scaling laws governing loss in hollow core tube 
lattice fibers are numerically investigated and discussed. Moreover, by 
starting from the analysis of the obtained numerical results, empirical 
formulas for the estimation of the minimum values of confinement loss, 
absorption loss, and surface scattering loss inside the transmission band are 
obtained. The proposed formulas show a good accuracy for fibers designed 
for applications ranging from THz to ultra violet band. 
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1. Introduction 

Hollow core - Tube lattice fibers (HC-TLFs) also called anti-resonant fibers, with negative 
curvature, are more and more diffused fiber for applications ranging from THz to infrared [1–
6]. Terahertz imaging [2], high power beam delivering in medium infrared spectral region [4], 
low loss transmission by using highly absorbing materials [1, 5], are just some application 
examples of this kind of fibers characterized by a quite simple cross section and very 
interesting transmission properties. HC-TLFs consist of a ring of dielectric tubes surrounding 
a hollow core. The waveguiding mechanism is the same of the Kagome Fibers, that is the 
inhibition of the coupling of the cladding and core modes [7, 8]. Inhibited coupling (IC) fibers 
suffer of three different loss mechanisms: the confinement loss (CL), the material absorption, 
and the surface scattering loss (SSL). The former, related to the leaky nature of the modes, is 
dominant in the near infrared spectral region where low loss silica is often used as dielectric 
material [8]. Conversely in the far infrared and terahertz regions, dielectrics exhibit much 
higher loss making dominant the absorption loss [1, 5], even though the extremely low field 
dielectric overlap (DO) allows to dramatically reduce the absorption loss (AL) with respect to 
other kind of waveguides [1]. In addition, the low DO also allows to significantly increase the 
Laser Induced Damage Threshold (LIDT) [9, 10]. High power beam delivery has been 
recently demonstrated in HC-IC fibers in the near infrared region [11,12]. Finally, SSL is due 
to the surface roughness of the air-dielectric interface [13–16]. Its analysis requires the 
knowledge of the roughness power spectral density which is quite hard to measure. However, 
SSL can be efficiently estimated by considering the electric field on interface (EI) between air 
and dielectric [13, 15, 16]. 

In HC-TLFs CL, DO, and EI depend on the interaction among the core and the cladding 
modes, which in turn depends on plenty of fibers’ parameters such as core size, number and 
size of the tubes, dielectric refractive index, and wavelength. The lack of analytical models 
able to quantify CL, DO, and EI obligates to analyze such kind of fibers by using numerical 
approaches, making hard their design, and optimization. Scaling laws and analytical formulas 
relating fiber parameters and loss can help both the design and the optimization of HC-TLFs 
as well as to improve the physical insight into their guidance mechanism. In this work the 
dependence of CL, DO and EI of the fiber’s fundamental mode (FM) on the wavelength, core 
size and cladding parameters are numerically analyzed by considering several HC-TLFs 
working in completely different spectral ranges from terahertz (THz) to ultraviolet (UV) and 
composed by different materials. The numerical results have been obtained through the modal 
solver of the commercial software Comsol Multiphysics 3.5 based on the finite-element 
method, with an optimized anisotropic perfectly matched layer (PML) [17]. By starting from 
all those numerical data, through both fitting techniques and working hypothesis based on 
knowledge of waveguiding mechanism in HC-TLFs, analytical formulas for CL, AL and SSL 
of the FM are empirically obtained. The formulas use as input data only the parameters of the 
tubes composing the cladding (refractive index, number, size and thickness). Results show a 
good accuracy of the formulas despite most of the parameters range over several decades. 
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2. Fiber Geometry, guiding mechanism, loss and single tube model 

HC-TLFs are fibers composed by a regular arrangement of N dielectric tubes surrounding the 
hollow core [18]. An example of cross section with N = 8 is shown in Fig. 1(a). The tubes 
have outer radius rext, dielectric thickness t, and refractive index nd. They can touch each other 
(δ = 0) [1–4] or not (δ>0) [5, 6]. For all the simulated fibers here considered, tubes penetrate 
into the surrounding dielectric of t/100. The core size depends on number, size, and distance 
between the tubes: 

 sin( ) 1 ,co extR k r
N

π  = −    
 (1) 

being: 1 (2 )extk rδ= + . 
In the next subsections the guiding mechanism of HC-TLFs and the single tube model 

(STM) [18] are briefly reviewed to highlight the main concepts used in the following 
sections. 

2.1 Guiding mechanism 

In HC-TLFs the waveguide mechanism is the same of Kagome Fibers and it is based on the 
inhibition of the coupling between the core and the cladding modes [7]. Strong coupling 
between two modes can occur at the resonance condition (

1 2eff effn n� ) if the overlap integral 

1 2S
E E dS

∞

⋅
 

 is not negligible, being neff and E


 the effective index and the electric field of 

the modes respectively. 

 

Fig. 1. (a) Cross section of a HC-TLF with non-touching tubes and N = 8. Black is air with 
unitary refractive index and white the dielectric with refractive index nd; (b) fundamental core 
mode. (c) holes cladding mode; (d)-(e) dielectric cladding modes with fast and slow spatial 
oscillation respectively. 

HC-TLFs support three different kinds of modes shown in Figs. 1(b)-1(e): The core 
modes (CMs) (Fig. 1(b)) with the power mainly confined inside the hollow core; the hole 
cladding modes (or airy modes) (HCMs) confined inside the holes of the tubes (Fig. 1(c)); the 
dielectric cladding modes (DCMs) mainly confined inside the dielectric (Figs. 1(d) and 1(e)). 

In the confinement mechanism of the CMs, DCMs are mainly involved. Since DCMs are 
confined in the dielectric and CMs in the air, resonance condition can only occur at cut-off 
frequencies of the former ones. In addition the overlap integral is not negligible only with 
DCMs having slow spatial dependence [7]. As a consequence, CMs suffer of high loss in the 
spectral ranges where there are cut-off frequencies of DCMs with slow spatial oscillations. 
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On the contrary the coupling and thus the loss are low in the spectral regions where there are 
only cut-off frequencies of DCMs with fast spatial oscillations. 

By restricting the analysis to HC-TLFs with N > 7, the FM effective index is always 
higher than the HM ones and thus the resonance condition is never satisfied. Under these 
conditions HMs do not significantly affect the propagation of the FM. Nevertheless, they can 
be used to enhance the loss of high order CMs improving the single-modeness condition [18, 
19], and to explain resonances in HC-TLF bending loss [1]. 

2.2 Loss in HC-TLFs 

In HC-TLFs the propagation loss is mainly caused by the leaky nature of the CMs, by the 
dielectric absorption, and by the scattering due to the dielectric surface roughness. 

Confinement loss can be estimated by considering the confinement loss parameter: 

 ( ) 8.686 I (m[ [ / ]) ,]CL dB mγλ λ=     

being γ the complex eigenvector of the mode. 
The absorption loss can be estimated by considering the following coefficient: 

 ,dAL DOλ α λ λ=( ) ( ) ( )   

where αd is the absorption coefficient of the dielectric composing the cladding, and DO the 
dielectric overlap parameter: 

 ( ) ,
ds

z

s

zDO p dS p dSλ
∞

=     

being S∞ , dS , and zp the whole fiber cross section, the cross section occupied by the 
dielectric, and the longitudinal component of the FM Poynting vector respectively. 

The estimation of SSL is more complex, because it would require a statistical treatment of 
the scattering process which requires an accurate knowledge of the surface roughness spectral 
density. Since in practice it is hard to measure such kind of quantity, a simplified but effective 
approach is here used. SSL is estimated by mean of the following formula [16]: 

 
3

0
min ( ) ( ) ,SSL EI

λλ η λ
λ

 =  
 

  

where η and λ0 are two coefficients depending of the roughness, and EI is the electric field at 
the interface parameter [13]: 

 20

0

| | ,
d

z

l S

EI E dl p dS
ε
μ

∞

=  


�   

being ld the air-dielectric interface, and E


 the FM electric field. 
Due to the high absorption coefficient of the dielectrics, in THz and mid-infrared (MIR) 

spectral regions, AL is often dominant with respect to the other two mechanisms [1, 5, 6]. In 
the near infrared region (NIR), the extremely low absorption coefficient of the silica makes 
dominant the confinement loss; at very short wavelengths (visible and ultraviolet – VUV) 
SSL can play a significant role [16]. 

2.3 Single tube model 

In the single tube model, the DCMs of HC-TLFs are described as superposition of dielectric 
modes of a single Tube Fiber (TF) [18], and their cut-off frequencies estimated by the cut-off 
frequencies of the dielectric modes of a single TF. Figure 2 shows some examples of TF 
dielectric modes with different azimuthal and radial numbers μ, andν respectively. Figure 2 
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also shows the cut-off frequencies of the dielectric modes with the slowest azimuthal 
dependence. F is the normalized frequency [20]: 

 22
1.

t
F n

λ
= −  (2) 

For a given mode, the cut-off frequency depends on the parameter 1 extt rρ = − and on the 
dielectric refractive index nd of the tube. The modes with the lowest azimuthal dependence 
and thus the strongest coupling with CMs are the HEν,1. Figure 2 shows that their cut-off 
frequencies (green empty circles) are very close to the values F = ν-1 = m, with m integer, 

that results in the condition 22 1m t m nλ = − often used to estimate the spectral position of 
high loss regions in IC fibers. Actually this condition is an asymptotic condition true when 
ρ→1. 

As ρ approaches 1, all cut-off frequencies get closer and closer to F = ν-1 = m. 
Conversely, for low ρ values and/or high nd the cut-off frequencies of the modes with slow 
spatial oscillations broaden resulting in wider high loss regions. This is confirmed by Fig. 3 
where CL and DO spectra of four HC-TLFs with different ρ and nd are shown. The high loss 
regions extend further the condition F = ν-1 due to the coupling with DCMs with μ>1. A 
numerical evidence of such coupling is reported in [21]. Moreover, the fibers with lower ρ or 
higher nd exhibit wider high value spectral regions. The same trend, not shown here for sake 
of brevity, is observed for EI. Due to that, the loss minima do not fall in the middle of a 
transmission band but are shifted toward higher frequencies. 

 

Fig. 2. Left: Examples of the electric field modulus distribution of some dielectric modes of a 
single tube fiber. Right: Normalized cut-off frequencies versus ρ parameter, for two different 
dielectric refractive indices: nd = 1.44, 2.42. Different colors show curves of modes with 
different azimuthal number μ from 0 to 4. Empty and filled circles refer to HE and EH modes 
respectively. 

From this brief discussion it is clear that in HC-TLFs, CL, DO, and EI depend on cut-off 
frequency distribution of DCMs in addition to core size, and wavelength. By using STM, that 
dependence can be led back to t, rext, N, nd of the tubes composing the cladding. In the next 
sections the CL, DO, and EI dependences of the FM on tubes’ parameters will be 
investigated. 
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Fig. 3. Confinement loss (left) and dielectric overlap (right) of four fibers with t = 1um, N = 8, 
δ = 0, and different values of ρ and nd. 

3. Analysis of the CL dependences 

The analysis of the effects of the above mentioned parameters is made complex because it is 
hard to separate the effect of one from the others. For example by changing the tube thickness 
t both the ρ parameter and the working wavelength are changed, or by changing the tubes 
radius rext, both Rco and ρ are changed. In order to unravel all the dependences, several fiber 
with completely different cladding parameters have been investigated. Table 1 summarizes 
the fibers and their parameters considered in the analysis. The tube thickness ranges from 
fractions to hundreds of micrometers, corresponding to fibers working in the UV and THz 
bands respectively. nd = 1.44, 2.42, 1.521 corresponds to the refractive index of the silica in 
the NIR, of the chalcogenide glass in the MIR, and of the Zeonex in THz regions. Other 
values of nd have been chosen to better analyze the dependences on the parameters and they 
are gathered in the set MIS in Tab. 1. The number of tubes ranges from 8 to 20. Values lower 
than 8 have not been considered as with k = 1, FM propagation starts to be affected by 
resonances with the HCMs [22]. 

Table 1. Sets of fibers considered in the analysis. 

name t[um] rext[um] δ [um] nd N Rco[um] ρ 

VUV 0.2 
1 ÷ 5 0 1.500 8 ÷ 

28 
8um 0.80 ÷ 

0.96 

NIR 0.5 5 0 ÷ 3 1.440 8 ÷ 
14 

8um ÷ 14um 0.9 

MIR 1.0 10 0 2.420 8 ÷ 
14 

16um ÷ 35um 0.9 

THz 131 
1746 0 ÷ 

393 
1.521 8 ÷ 

20 
2.8mm ÷ 
9.4mm 

0.925 

MIS 
0.495 ÷ 
1.26 

6.18 ÷ 
15.81 

0 1.441 ÷ 
2.8355 

8-16 25.5um 0.92 

3.1 Wavelength and core size dependence 

Wavelength and core size dependences have been recently numerically investigated by 
considering several HC-TLFs composed by Zeonex tubes for THz transmission [22]. Here the 
analysis is extended by considering additional fibers working in other spectral ranges. In 
order to investigate the core size dependence without changing the other cladding parameters, 
several fibers having same tubes but in a different number N have been considered. The core 
radius Rco changes according to Eq. (1). 

#260459 Received 3 Mar 2016; revised 5 Apr 2016; accepted 6 Apr 2016; published 3 May 2016 
© 2016 OSA 16 May 2016 | Vol. 24, No. 10 | DOI:10.1364/OE.24.010313 | OPTICS EXPRESS 10318 



 

Fig. 4. CL (left column) and CL Rco
4/λ4.5 (right column) of fibers THz with t = 131um, rext = 

1746um, nd = 1.521 (top), MIR with t = 1.0um, rext = 10um, nd = 2.42 (middle), and NIR with t 
= 0.5um, rext = 5um, nd = 1.44 (bottom) having different number of tubes N and thus different 
Rco. All fibers have δ = 0. 

Figure 4 compares CL with the normalized parameter CL·Rco
4/λ4.5of different sets of 

fibers: THz, MIR, and NIR. Despite CL ranges over decades by changing Rco and λ, now the 
normalized curves are almost overlapped and the minima no longer depend on core size and 
wavelength. Other results, not shown here for the sake of brevity, confirm that CL scales as 
λ4.5/Rco

4 irrespectively on working wavelength range and size of the fiber. 

3.2 ρ parameter dependence 

According to STM, by changing ρ, the DCMs cut-off map changes affecting the CL. To 
investigate that dependence some HC-TLFs with same tube thickness (and thus same working 
wavelength) and same core size have been considered. rext and N have been changed in order 
to have Rco = 8um. 
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Fig. 5. CL Rco
4/λ4.5 (left) and CL Rco

4/λ4.5ρ12 (right) of fibers VUV having different ρ parameter, 
different number of tubes N, and Rco = 8um, t = 0.2um, nd = 1.5. All fibers have δ = 0. 

Despite the core size and working wavelength are the same for all fibers, Fig. 5 shows that 
CL increases as ρ reduces. The broadening of high loss regions is due to the shift of the DCM 
cut-off frequencies described in the section 3. By analyzing the spectra, it results that the 
minima of CL are proportional to 1/ρ12. This is confirmed by the normalized coefficient CL 
Rco

4/λ4.5ρ12 spectra shown in Fig. 5. The minima of the different fibers curves are now closer 
and it is clearer the broadening of the high loss regions related to lower ρ values. Same results 
have been obtained for fiber working in THz, MIR, and NIR ranges. Notice that a dependence 
on the 12th power can seem a huge dependence. Actually it is not so strong because ρ is a 
normalized parameter. It usually ranges from 0.8 to 0.97, and this corresponds to a ρ12 ranging 
from 0.07 to 0.7, that is a decade. 

3.3 Refractive index dependence 

According to the STM, the cladding modes cut-off do not only depend on the ρ parameter, 
they also depend on the refractive index nd and this results in a CL dependence on dielectric 
refractive index. 

 

Fig. 6. CL Rco
4/λ4.5ρ12 (left) and 

4 4.5 12 2 1coCL R nλ ρ −⋅ (right) of MIS fibers having 

different nd. and t. All fibers have δ = 0, Rco = 25.5um, and ρ = 0.92. 

In order to highlight this dependence, Fig. 6(a) shows the spectra of the coefficient CL 
Rco

4/λ4.5ρ12 of different fibers with three different refractive index values: 1.441, 2.0958, 

2.8355. t also changes in order to have the same 2 1t n −  product and thus same working 
wavelength. Also rext changes to have ρ = 0.92. CL increases with nd due to the cladding 

mode cut-off frequencies spreading. It is estimated that CL is proportional to 2 1n − . This is 

confirmed by the overlapping of the minima of the coefficient 4 4.5 12 2 1coCL R nλ ρ −⋅  
spectra shown in Fig. 6(b). Again, the normalization more clearly shows the spectral 
broadening of the high loss regions due to the higher refractive index. This is also shown in 
Fig. 4 since chalcogenide glass (middle) has higher refractive index than the other materials 
considered (top and bottom). 
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3.4 Additional dependences 

There are also additional dependences which are apparent only if the involved parameters 
change over wide ranges. Figure 7(a) shows the spectra of the VUV, NIR, MIR, and THz 
fibers. The confinement loss ranges over 10 decades. In Fig. 7(b) the spectra of 

4 4.5 12 2 1coCL R nλ ρ −⋅  of VUV, NIR, MIR, and THz fibers are shown. 

 

Fig. 7. CL (a), 
4 4.5 12 2 1coCL R nλ ρ −⋅  (b), and NLC (c) spectra of the fibers: VUV, 

NIR, MIR, and THz, described in the Table 1 with δ = 0. 

The gaps between the spectra of the different sets of fibers are due to the dependences till 
now disregarded. By taking into account those, the following normalized CL coefficient can 
be defined: 

 
2

12 2
( 1)

2

4

4.5
.

1
extr nextcoR rt

NCL CL e
n

λ
ρ

λλ

−
−=

−
  

Figure 7(c) shows the spectra of NCL. Notice that despite the huge variation of CL in Fig. 
7(a) (about 10 decades), the minima in the NCL spectra are all very close each other. The 
main discrepancies are caused by the resonance peaks with cladding modes falling close to 
the CL minima in fibers with high refractive index and/or low ρ parameter due to the 
spreading of the cut-off frequencies. 
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Fig. 8. CL (top), and NCL (bottom) of NIR and THz with different values of N and δ. 

The same analysis has been carried out by considering HC-TLFs with no-touching tubes 
[5, 6]. The results are shown in Fig. 8. The spectra are smoother than those referring to δ = 0, 
because the gaps between the tubes reduce the coupling between the tubes modes cleaning up 
the spectral density of DCMs [5]. However the NCL spectra are still overlapped. 

3.5Empirical formula for CL 

Even though variations over several decades have been considered, the results in Figs. 7 and 8 
show that the minima of NCL do not depend on fiber’s parameter. The peaks in the CL 
spectra make hard the estimation of the minima values. However all the minima are within 
the range [3·10−4, 7·10−4]. If an average value NCLmin = 5·10−4 dB is assumed, by using Eq. 
(1), (2), and (3), the ρ expression, and NCLmin, the following empirical formula able to predict 
the minima of CL in the HC-TLFs transmission bands can be obtained: 
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12 22
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4.5 12 22
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4 5 1
5 10 1

1
5 10 1 1 [ / ].

sin

ext

ext

min
co e

r n

ext

r n

ext

xt

ext

t n
CL e

rR t r

k t n
e dB m

r r t
N

λ

λ

π

λ

λ

−
−−

−

−
−−

  −= ⋅ − 
 

 
      − = ⋅ − −   
          

            

 (3) 

The equation only requires number, refractive index and geometrical dimension of the 
tubes composing the cladding surround the hollow core. 

4. Analysis of the DO dependences 

The same analysis has been carried out to investigate the dielectric overlap dependences. 
Figure 9 compares the DO of all fibers here investigated with the normalized DO: 

 
2.93 0.93 2

sin 1 .ext extr r
NDO DO k n

N t

π
λ

       = −              
  

#260459 Received 3 Mar 2016; revised 5 Apr 2016; accepted 6 Apr 2016; published 3 May 2016 
© 2016 OSA 16 May 2016 | Vol. 24, No. 10 | DOI:10.1364/OE.24.010313 | OPTICS EXPRESS 10322 



Again the overlap is very good except the peaks due to the resonances in fibers with high 
index and/or low ρ. All the minima are within the range [0.2, 0.28], with an average value: 
NDOmin = 0.24. There is just a spectral shift of the minima toward higher frequencies for 
fibers with higher nd. 

 

Fig. 9. DO (left) and NDO (right) of the fibers described in the table and with 0δ =  (top) 

and 0δ ≠  (bottom). 

The following empirical formula is thus able to predict the minimum values of DO over a 
wide range of wavelength and geometrical dimensions: 
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(4) 

Compared to CLmim, DOmin exhibits a weaker and simpler dependence on the fiber’s 
parameters. By substituting Eq. (4) in the expression of AL, it yields: 
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which can be used to estimate the values of the AL minima inside the transmission bands. 

5. Analysis of the EI parameter dependences 

Figure 10 shows the EI parameter of some fibers considered in the previous analysis and 
compares it with the normalized coefficient: 
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Fig. 10. EI (left) and NEI (right) parameters for some of the fibers described in the table and 
figure labels. 

EI ranges over 6 decades, whereas all the minima of NEI fall in the range [0.58, 0.67]. By 
assuming an average value NEImin = 0.63, the empirical formula to predict the minima values 
of IE parameter is thus the following: 
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 (5) 

Conversely to CLmin and DOmim, EImin does not depend on thickness and refractive index of the 
tubes composing the cladding. By replacing Eq. (5) in the expression of SSL, it yields: 

 3
min 0 3

1 1
( ) 0.63 .

co

SSL
R

λ ηλ
λ

=  (6) 

Equation (6) shows that, conversely to CLmin, minSSL increases by reducing the wavelength 
confirming that SSL is the main loss mechanism at short wavelength. 

6. Scaling laws 

Compared to other HC fibers, HC-TLFs exhibit stronger CL dependence both on Rco and on 
λ. In an air hole surrounded by a uniform infinite dielectric, CL scale with λ2/Rco

3 [23], and in 
Kagome fibers it scales with λ3/Rco

3 [24], whereas in HC-TLFs CL scale with λ4.5/Rco
4. 

Actually the scaling laws in HC-TLFs need a little bit more thorough analysis. In Eqs. (3), 
(4), and (5) some parameters are not actually degree of freedom: the tube thickness is usually 
defined by the working wavelength through Eq. (2); the refractive index nd is defined by the 
material used, often chosen on the basis of its absorption coefficient, chemical and physical 
properties, ect. Usually the parameter used to reduce CL, DO, and EI, is the core size. In HC-
TLFs Rco can be changed by increasing the number of tubes N, their size rext or their distance 
δ. All of them affect CL, DO, and EI but in different ways. Figure 11 shows the dependences 
of CLmin on N, k, and rext/t. In the range of reasonable values of N, k, and nd, confinement loss 
minima scale as CLmin∝1/Nα with α = 5.1 ÷ 4.8, and k = 1.0 ÷ 1.5; as CLmin∝1/kα with α = 5.2 
÷ 4.5, and N = 8 ÷ 20; as CLmin∝(t/rext)

α with α = 6.0 ÷ 6.1, and nd = 1.44, 2.42. 
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Fig. 11. Trends of CL (left) and DO (right) with respect to number of tubes N (top), tube-tube 
spacing k (middle), and normalized tube size rext/t (bottom). 

About the wavelength dependence, the effect of the exponential function in Eq. (3) is 
negligible over the first transmission bands of a given fiber, but it is necessary to take into 
account the CLmin variations which occur passing from a wavelength range to another (i.e. 
from NIR to MIR or THz). By interpolating the curves of CLmin versus λ, not shown here for 
sake of brevity, it yields CLmin∝1/λα with α = 4.5, 4.6 and nd = 1.44, 2.42 respectively. By 
carry the same analysis out for DOmin, from Fig. 11 it results DOmin∝1/Nα with α = 4.0 ÷ 3.5, 
and k = 1.0, 1.5; DOpmin∝1/kα with α = 3.9 ÷ 3.3,and N = 8 ÷ 20. Since the dependences are 
very similar, the same scaling laws are observed for EImin. The results are summarized in the 
Table 2. 

Table 2. HC-TLFs scaling laws. 

 1/Nα (k = 1 ÷ 1.5) 1/kα(N = 20 ÷ 8) (t/rext)
α λα

CLmin α = 5.1 ÷ 4.8 α = 4.5 ÷ 5.2 α = 6.0 ÷ 6.1 α = 4.5 ÷ 4.6 
DOmin α = 4 ÷ 3.5 α = 3.3 ÷ 3.9 α = 2.93 α = 2
EImin α = 4 ÷ 3.5 α = 3.3 ÷ 3.9 α = 3 α = 3

7. Conclusions 

In this paper scaling laws of the confinement loss, dielectric overlap, and electric field at 
interface of tube lattice fibers with both touching and non-touching tubes have been 
numerically analyzed. About thirty fibers with different cladding parameters and different 
working wavelength (from ultraviolet to terahertz band) have been considered. CLmin and 
DOmin depend on all fiber’s parameter even though DO dependence is weaker than CL one. 
EImin only depends on the wavelength and core radius, whereas it does not depend on tube 
thickness and refractive index. Empirical formulas able to predict the minimum values of CL, 
AL, and SSL inside the fiber transmission bands have been proposed. These formulas only 
require the knowledge of the number, dimensions and refractive index of the tubes composing 
the fiber cladding. They can be useful tools for a quicker and better fiber design and to a 
better comprehension of the waveguiding and loss mechanisms in HC-TLFs. 
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