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Femtosecond Laser Directly Writing Two Dimensional Metal
Sub-wavelength Hole Array Applicable to Terahertz Band
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Abstract Two dimensional metal sub-wavelength hole array applicable to THz band (0.1~4 THz) has been made by
using femtosecond laser pulses at 775 nm centre wavelength, 1 kHz repetition rate and 130 fs pulse width
micromachining copper sheets with thickness up to 300 pm. The diameters of processed hole have been measured as
a function of the laser power and the processing time while the processing time and the laser power are fixed
respectively. The polarization of the laser radiation is the main cause of the ablation gaps. By using numerical
computer simulation technology (CST) . the suitable metal hole array structure parameters applicable to THz band
have been calculated. According to the above experimental results, the appropriate laser parameters have been chosen
to fabricate the hole array.
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Fig. 1 Femtosecond laser micromachining

experimental setup
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Fig. 2 Hole diameter D as a function of the processing
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Fig. 3 Holes produced at the optimum time for different laser powers, the edge of the holes of (a)~(¢) are

regular; the edge of the holes of (d) ~(f) are irregular
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Fig. 4 Pictures of the holes drilled with a power of
1029 mW at 45 s processing time. (a) front of the
hole, (b) back of the hole
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Fig. 5 Square of the processed hole diameter D* as

a function of the logarithm of the laser power
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Fig. 6 Gaps of the processed holes, (a),(b) and (c) are holes processed by X, Y and circularly polarized laser beam
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Fig. 9 Scanning electron micrographs of the hole array. (a) Figure of the whole hole array;

(b) figure of the center hole of the array
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Table 1 Diameters of the hole array

Diameters Diameters
76.36  74.61 72.31 72.53  73.55 58.36 57.63  54.26  57.69  58.63
69.70  72.50 71.45 71.45  74.96 50.33  55.69  53.59  57.79  60.60
Frant 58.49 72.15 70.75 75.66  87.57 Back 45.20  51.49  53.94 54.64  65.55
58.84  72.53 71.45 80.91  98.42 43.26  49.39  53.94  66.55  66.90
59.89  73.20 74.13 79.16  92.31 45.59  50.03  52.36  65.56  65.23
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