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Abstract Usmg THz time-domam spectroscopy, we study plasmonic band gaps m periodic metal arrays of slits
F d hmmg system g good quality sub rmllimeter structures for THz spectroscopy Fabry-Perot effect
enhances the transmmssion when the two resonances cross but does not alter the surface plasmon peak positions

Surface plasmon polaritons have become a topic of intense current interest, ever since the so-called surface
plasmon enhanced transmssion has been discovered 1n pertodic metallic structure with subwavelength holes [1)
One of the outstanding 1ssues concerns the role of Fabry Perot effects especially n subwavelength shts [2] In the
mcrowave region, Fabry-Perot effect has been found in single slits Terahertz time domain spectroscopy has begun
to give important msights on the role of surface plasmon polaritons both 1n doped sermconductors and in metal rods
[3] In this paper we show that the effect of Fabry-Perot resonance on multiple shts 1s to enhance the transmission
when the Fabry-Perot resonance crosses one of the surface plasmon diffraction orders This 15 in contrast with single
shit case 1n the microwave regime, where the Fabry-Perot effect determines the transmission peak positions

The samples used n this study were metals such as stainless steel or aluminum Femtosecond laser machining
generates relatively clean cleavages on these metals Amphfied 150 fs long Ti sapphire laser which delivers pulses
with energy of up to 1 mJ at 800 nm at a repetition rate of 1 kHz wrradiate samples above their threshold fluence The
fundamental output of the laser was delivered to the galvanometer scanner (Scanlab AG, Germany) and fast optical
shutter with a nising time less than 0 5 ms was used 1n order to control the laser exposure A telecentnic lens (Sill
Optics, Germany) with a focal length of 85 mm was employed to focus the laser beam on the substrate A Gaussian
spatial beam profile with a radius of ~ 40 pum 1n the spot was achieved Figure 1 shows samples thus machined
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Figure 1 Femtosecond machining system can be applied to make sub mulhmeter sized structures for THz

spectroscppy

We have used THz ttme-domain spectroscopy (Fig 2(a)) to detect transmussion profiles using a seme-1nsulating
GaAs emitter biased with a S0KHz and 300V square wave to generate high power THz waves [4] The samples are
free-standing stainless steel plates with slits of vanous widths, sample thicknesses, and peniods Figure 2 shows time-
domain traces and the resulting transnmussion spectra of sample A, which has sht period of 656 pm, sample thickness
of 153 um and sht width of 200 gum Both the time domain traces and the transmssion spectra show marked changes
as the sample 1s tilted
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Figure 2 (a) Experimental setup (b) Time-doman traces of sampie A with sht period of 656um, thickness of 153
pm and sht wadth of 200 gm Time-domain signals for two incident angles show considerably different oscillations
(c) Transmussion spectra calculated by Founer transform from these time-domain traces

Angle dependent transmssion spectra are plotted in Fig 3 where white hines represent the location of surface
plasmon modes at the air-metal mterfaces In the THz frequency range, the real part of the metal dielectric constant
15 of the order of -100,000 and therefore surface plasmon modes correspond exactly to the Rayleigh wavelengths [5]
THz time domain spectroscopy measures both the amphtude and phase of the transmutted light, and strong change of
spectral phase, related to the Fano-like lineshapes [6], accompames some of the surface plasmon resonances as

shown m Fig 3(b)
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Figure 3 (a) Angle depend of the tr spectra for sample A White hines represent the surface plasmon resonances of

various diffraction orders (b) Angle dependence of phase showmg phase jurp around the two dommant transnussion peaks

In conclusion, we have performed terahertz time domain spectroscopy of plasmonic band gap structures
fabncated by femtosecond machiming It has been shown that the Fabry-Perot resonance does not result i new
peaks but enhances the existing peaks when the two resonances cross each other
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