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Optical Analysis of Diffraction Grating and Fresnel Zone Plate Fabricated on Fused

Silica Glass by a Femtosecond Laser
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Diffraction gratings with precise spatial periods of 2 um and 5 um have been fabricated by using a
femtosecond laser which does not have limits on materials of micromachining and small thermal
effects due to high peak power. Diffraction angle and diffraction efficiency of those were measured.
Simulation results of diffraction angle and diffraction efficiency of the diffraction grating calculated
with the parameters such as line width, depth, and spatial period of the fabricated gratings were
compared with experimental results measured with a He-Ne laser. Besides these, Fresnel Zone
Plates (FZPs) with focal distances of 50 mm and 25 mm were fabricated and focal distances of
fabricated FZP were measured. Those experimental results for diffraction gratings and FZPs

match well with experimental resulfs.
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Fig. 1 Experimental setup for femtosecond laser
micromachining process
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Fig. 2 Experimental setup for measuring the

characteristics of fabricated diffraction grating
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(a) AFM surface image of the fabricated diffraction
grating

nm

(b) Cross-section measurement of AFM image of the

diffraction grating

(¢) Diffraction pattern
Fig. 3 AFM (Atomic Force Microscope) image and
diffraction pattern of the fabricated diffraction
grating with 2um period

(a) AFM surface image of the fabricated diffraction

grating
WA Al S e A

nm
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(b) Cross-section measurement of AFM image of the
diffraction grating

(c) Diffraction pattern
Fig. 4 AFM image and diffraction pattern of the
fabricated diffraction grating with 5 pm period
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(b) Diffraction efficiency versus diffraction orders
Fig. 5 (a) Diffraction angles and (b) diffraction efficiency
of the fabricated diffraction grating with 2um

period
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(b) Diffraction efficiency versus diffraction orders
Fig. 6 (a) Diffraction angles and (b) diffraction efficiency
of the fabricated diffraction grating with Sum
period
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Table 1(a) FZP simulation with ring radii(FZP with
25mm focal length)

Order | Radius(um) | Order Radius(u@j
1 0.126 22 0.590
2 0.178 23 0.603
3 0.218 24 0.616
4 0.252 25 0.629
5 0.281 26 0.641
6 0.308 27 0.654
7 0.333 28 0.666
8 0.356 29 0.677
9 0.377 30 0.689
10 0.398 31 0.700
11 0.417 32 0.712
12 0.436 33 0.723
13 0.453 34 0.733
14 0471 35 0.744
15 0.487 36 0.755
16 0.503 37 0.765
17 0.519 38 0.775
18 0.534 39 0.785
19 0.548 40 0.795
20 0.562 41 0.805
21 0.576 42 0815 |
Table 1(b) FZP simulation with ring radii(FZP with
50mm focal length)
Order Radius(pm) Order | Radius(um)
1 0.178 12 0.616
2 0.252 13 0.641
3 0.308 14 0.666
4 0.356 15 0.689
5 0.398 16 0.712
6 0.436 17 0.733
7 0471 18 0.755
8 0.503 19 0.775
9 0.534 20 0.795
10 0.562 21 0.815
1 0.590 22 0.834
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(a) Image of the fabricated FZP and cross-section of the
FZp

(b) Beam profiles near focal distance (22mm, 24mm,

26mm)

Fig. 7 Fabricated FZP with focal length of 25mm (a)
Image of the fabricated FZP and cross-section of
the FZP, (b) Beam profiles near focal distance
(22mm, 24mm, 26mm)

I

() Image of the fabrlcated FZP and cross-section of the
FzZp

(b) Beam profiles near focal distance (45mm, 49mm,

53mm)

Fig. 8 Fabricated FZP with focal length of 50mm (a)
Image of the fabricated FZP and cross-section of
the FZP, (b) Beam profiles near focal distance
(45mm, 49mm, 53mm)
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