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Abstract  
Using a highly flexible plastic material, Teflon, photonic 
crystal fiher (PCF) waveguide for THz radiation is constructed. 
It is found that such PCF possesses strongly polarization- 
preserving property. With such feature, coupled with relatively 
low-loss coefficient, the possibility of preparing long PCF 
waveguide in the THZ region can be easily attained. 

Introduct ion 
The terahertz (THz) region that lies between the electronic and 
optical region in the electromagnetic spectrum, with 
frequencies ranging from 100 GHz to 10 THz, is an important 
region. This is because various characteristic parameters of 
materials, such as phonons, excitons, and cooper pairs exist in 
this region. As a result, much interest has been given in the 
generation and detection of THz radiation. To date, progress in 
THz spectroscopy has been enormous. Several THz-radiation 
emitters, such as photoconductive switch [I], semiconductor 
surface [2], and nonlinear optical process [3], have been 
reported as a result of the development of ultrafast optical 
pulses. With these devices, THz spectroscopy can be applied to 
virtually all kinds of samples, including chemical and organic 
materials. At present, THz spectroscopic techniques uses 
mainly free space propagation of this far-infrared 
electromagnetic (EM) wave and it is to some extent difficult to 
control and guide. To overcome this difficulty, it is thus 
necessary to develop and utilize waveguides that are 
transparent in the THz region. Several works on THz 
waveguides using various materials such as metal tube [4], 
plastic ribbon [5], and photonic crystal fiber (PCF) [6] have 
been reported, These waveguides show low absorption 
coefficient with values less than I cm8. 
The potential of using photonic crystals, both 2D and 3D, in 
manipulating and controlling EM waves have been reported by 
several groups [7,8]. Photonic crystals molded into fibers are 
very attractive from the scientific and technological point of 
view due mainly to its single-mode propagating characteristic. 
A common PCF is made of waveguiding pans with a solid core 
and cladding layers consisting of spatially periodic air holes. 
The effective refractive index of the cladding region relative to 
the core is reduced due to the presence of these air holes. 
Confinement and guiding of light in this PCF with relatively 
high core index would then occur via total internal reflection. 
Single-mode propagation is dependent of the ratio between the 
core radius and wavelength; as a result, it is not difficult to 
conshuct PCFs waveguide for THz radiation because of its 
long wavelength compared to the wavelength used in 
conventional PCF application system. Silica is commonly used 
in fabricating optical fiber. However, this material is not 
transparent in the THz region. Alternative plastic materials 
such as Ape1 and Tpx have been found to be transparent to THz 
radiation and are goad candidates for the construction of PCF. 
The main advantage of using plastics is because of their 
flexibility. 
Most plastic THz waveguide uses high-density polyethylene as 
material. In this study, we propose an alternative PCF material 
for THz waveguide. Utilizing readily and commercially 

available material, highly flexible PCFs are assembled. The 
PCFs are made of polytetrafluorethylene, which is commonly 
known as Teflon. A solid rod of this material is used as core 
and hollow tubes as air clad. The PCFs are fused together 
without the need of fumace heating thereby making it simple 
and easy to fabricate. Moreover, the PCFs showed effective 
waveguiding of THz radiation and are found to have efficient 
polarization preserving property. 

Experiment  
THz radiation from an undmed bulk InAs with (100) surface . ,  
immersed in a magnetic fielb provided by a 2.5-T permanent 
magnet and excited by a mode-locked Ti:Sapphire laser with 
an average power of I-W was used. The excitation laser 
delivered 100-fs optical pulses with center wavelength of 800 
nm at a repetition rate of 82-MHz. The spot size of the THr 
beam on the I d s  surface was approximated to be 2 mm. The 
emitted THz radiation was collimated and focused using 
paraboloidal mirrors. A silicon hyper-hemispherical lens was 
used to focus the THz beam into the waveguides. A liquid-He 
cooled Si-bolometer was used for detecting the T € b  radiation. 
The PCFs samples were constructed using Teflon rods as core 
and Teflon tubes for the periodic cladding. The periodic 
cladding mounted in the samples had two layers, wherein the 
first and second layers had 8 and 16 Teflon tubes, respectively. 
The diameter of the core used was 1 mm while the clad had an 
outer diameter of 0.75 mm and an inner diameter of 0.25 mm. 
For comparison purposes, a metal tube (inner diameter of 0.25 
mm, outer diameter of 5 mm) and a solid Teflon rod whose 
diameter is the same as that of the PCF was also used. 

Results a n d  Discussions 
In this study, Teflon is chosen since several reports have shown 
that this material is highly transparent in the THz frequency 
region [9,10]. These reports were verified by our group and the 
absorption coefficient plat of a 5 cm solid Teflon rod is shown 
in Fig. 1 (a). It can be seen that the Teflon material used in the 
PCF has low absorption for the THz radiation with an 
absorption coefficient of approximately 0.3 cm8 at 1 THz. A 
photograph of the constructed PCFs is shown in Fig. 1 @). The 
upper right-hand comer inset shows the cross-section of the 
PCF. The cladding layers and the core are fused together 
without any fumace heating. Holding the I” cladding layer and 
the core together is ordinary plastic tube, which is placed 
between the I*  and 2”’ cladding layers. Another thin plastic 
tube is placed on the outer portion to envelo the whole PCF 
thereby fusing together the core, 1” and 2” layers into one 
fiher. To test the confinement of the incident THz wave inside 
and to confirm that the wave propagation is mainly in the core 
of the conshucted PCF, knife-edge measurements at the exit 
point are conducted. The intensity profile of the beam in one of 
the PCFs is shown in the lower left-hand comer of Fig. 1 @). 
From the plot shown, it can be seen that the data is well 
described via Gaussian fining. This clearly indicates that 
almost all the beam is confined within a diameter of 1 mm 
thereby confirming that almost all the THz radiation propagate 
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in the care. of I mm thereby confirming that almost all 
radiation propagate in the core. 

(a) + 

the THz 

Fig. 1. (a) Absolptioon coefficient v m  hulyency plol o f  the 5 cm solid Teflon 
md with B d i m e r  similar 10 ulal of the PCF. The absorption coefisimt at I 
THr i s  foud to be appmrimately 0.3em.'. (b) P h o m h  showing the PCFS 
c o " c V d .  Upper ngbbhand comer inwf shows Lbe c m s r - d o n  of the PCF 
where Lhe sore (solid md) and cladding (hallow Sbu) me b a h  made of Teflon. 
Thin ordinar, plmic tubes am used 10 hold the I* cladding layer and COR and 
also U an envelop of the outer m m  pan thenby fusing the together the core, I* 
and 2' layers in10 one fiber. The lower ]&band inret shows the inmiry profile 
of ths $mined radiation, which i s  well dssmbcd via Gaussian fiIIing (solid line). 

Figure 2 (a) shows the length dependence of the transmitted 
intensity through the waveguides. The dotted line indicates the 
incident THz radiation while the best-fit lines for the metal 
tube and PCF are designated by solid and dashed lines, 
respectively. It can he inferred that the intensity is fined by an 
exponential fnnction of length. This indicates that by 
extrapolating the best-fit lines, the coupling loss at the 
waveguide-hyper-hemispherical lens interface can be extracted. 
It can be deduced that at the PCF-hyper-hemispherical lens 
interface 10% of the total radiation propagates into the PCF 
while 30% transmits through the metal tube. From the best-fit 
lines, it can be determined that the lass coefficient for the PCF 
and the metal are approximately 0.12 cm-' and 0.10 cm?, 
respectively. Based on the relatively low loss coefficient of the 
PCFs, the possibility of constructing long PCFs for potential 
THz waveguide can be easily attained. The inset shows the 
spectra of the PCFs with various lengths. The reference is the 
based on the emitted THz pulses from a single hyper- 
hemispherical lens placed at the beam waist of the radiation. 
High frequency cut-off is observed for each PCF and such cut- 
off shifts toward low frequency with increasing PCF length. 
This implies absorption of the PCF material as its length 
increases. Further modifications are currently being done to 
improve the efficiency of the PCF, which has the potential for 
the propagation and guiding of intense THz radiation. 
By placing a wire grid polarizer in front of the bolometer and 
rotating it at increments of 5 degrees, the polarization angle 
dependence of the various waveguides are determined as 
shown in Fig. 2 @). In this plot, a polarization angle of 90 
degrees means that orientation of the transmitted wave is 
normal and lies on the plane of the wire grid. As seen in Fig. 5, 
the metal tube is found to be non-polarization preserving. This 
is possibly due to multiple reflections inside the metal tube, 
which tends to rotate the wave polarization. On the other hand, 
all of the constructed PCF show good polarization conservation 
Considering the characteristics of the PCFs, i.e. intensity 
profile well fined via Gaussian function with high polarization 

preserving quality, and the initial polarization of the incident 
THz pulse, it is likely that the PCFs have single-mode 
propagation. To confirm this, thorough mode propagation 
analysis is required. 
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Summary 
In summary, we have demonstraied the cons~mctiim of 
resonsbly long, casdy-prepared and non-polxiration chingmg 
photonrc t i k r  wavcguidc using rcadilylrommcrcially available 
and highly flsxible malcndl. Based on the relatively low loss 
cueflicicnl obtained irom the PCPs, ihv powhilily of 
consl~cling long PCFs lor poluntral .YHA waveguide CUI be 
easily achieved. Modifications arc now bcing done 10 improve 
the eniclency ofthe PCF. 
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