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Study on diffraction characteristics of a planar
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A numerical simulation is performed to study the far-field diffraction properties of planar diamond waveg-
uides. The far-field intensity distributions of a planar air waveguide and a diamond waveguide with different
distances are given by numerical calculations. In the experiment, the diffraction patterns on the screen
with different distances are recorded using a He-Ne laser as the light source, wherein the laser beam is
coupled with and propagates in the diamond waveguide. The simulation results are found to be consistent
with the experimental ones.
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The rapid developments in the field of integrated opto-
electronics have led to the emergence of numerous opti-
cal waveguide devices with different functions and struc-
tures. These devices are extensively used in integrated
optical circuits, high-power lasers, optical communica-
tion, and high-sensitivity optical monitoring[1−5]. A di-
amond waveguide has many significant optical proper-
ties and thus has potential applications in Raman lasers,
quantum communication and computing, etc.[6,7]. No-
tably, fast and accurate numerical simulations are highly
necessary in the design of optical waveguide devices be-
cause they have the advantages of high efficiency, low
time consumption, low cost, and limitless analytical so-
lutions. Numerical solutions can also provide the theoret-
ical foundation for device designs and visually reflect the
characteristics of optical waveguide devices. Some popu-
lar numerical simulation methods include the Couple–
Mode theory[8], effective index method, finite element
method[9,10], beam propagation based on the fast Fourier
transform method, beam propagation based on the finite
difference method[11], and finite difference time domain
method[12,13]. The internal optical field distribution of
the optical waveguide is usually simulated in all these
methods, whereas the external optical field distribution
of the optical waveguide is rarely considered. In practical
applications such as in waveguide lasers, the optical beam
propagation outside the optical waveguide is important.
Thus, simulation of the far-field intensity distribution of
the optical waveguide has great theoretical significance
and provides guidance for potential applications.

In this letter, a planar air optical waveguide and a pla-
nar diamond waveguide are both theoretically and ex-
perimentally investigated. Diffraction theory in the fre-
quency range is adopted to simulate the far-field diffrac-
tion properties of planar optical waveguides. In the ex-
periments, the far-field diffraction patterns versus vari-
ous distances are recorded using a camera. Comparison

of the results of numerical simulations with experimental
ones suggests that they are consistent. Therefore, this
method is feasible for calculating the far-field intensity
distribution of an optical planar waveguide.

The ideal planar waveguide structure is shown in Fig.
1. It consists of three layers, i.e., substrate, intermedi-
ate layer, and cladding, shaped into a sandwich struc-
ture. The refractive indices are n1 with thickness a for
the intermediate layer, n2 for the substrate, and n3 for
the cladding. The longitudinal width (x-direction) of the
planar waveguide is much larger than the thickness a and
the light wavelength. Thus, the waveguide width can be
taken as infinite. Generally, the light beam coupled with
the end face of the waveguide is confined to the intermedi-
ate layer by total internal reflection. Therefore, a planar
air waveguide can be formed by two reflectance mirrors
with highly reflective coatings. The typical experimental
installation used to study the far-field diffraction charac-
teristics of a planar waveguide is shown in Fig. 2. The
laser propagates along the z-axis; the plane coordinates
of the entrance and exit of the planar waveguide are (x1,
y1) and (x2, y2), respectively, and the plane coordinates
of the screen are (x3, y3). The incident laser beam is fo-
cused onto the entrance of the planar waveguide using a
lens and then passed through a planar waveguide cavity
with length l. The light intensity distribution is shown
on the screen located at a distance d from the end of the
waveguide.

Fig. 1. Ideal planar waveguide structure.
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Fig. 2. Typical installation for studying the far-field diffrac-
tion of the planar waveguide.

Fig. 3. Schematic of the equivalent light propagation for the
planar waveguide.

Figure 3 shows the equivalent light propagation for the
planar waveguide. Given the internal reflection between
the two surfaces of the waveguide, the light field at the
waveguide exit can be equivalent to the combination of
many incident laser beams. Assuming that the num-
ber of light beams reflected by the two surfaces of the
waveguide is 2N , then the light field on the screen can be
considered as the diffraction combination of 2N+1 laser
beams with different vertical positions passing through
the waveguide[14].

The parallel incident laser rays converge to a Gauss
beam with ω0 waist radius at the entrance center of the
planar waveguide. The complex amplitude of the light

field can be written as U(x1,y1) = Aexp
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where A is the amplitude constant. The equivalent verti-
cal coordinate of the reflection image in the (x1, y1) plane
is y1m = mn1a, where a is the thickness of the planar
waveguide, n1 is the refractive index of the intermediate
layer, and m is the order of reflection. Therefore, the
normalized complex amplitude distribution in the planar
waveguide exit plane (x2, y2) can be written as

Um(x2, y2) =

(

2

πω2
0

)1/4

exp

[

−
x2

2 + (y2 ± mn1a)2

ω2 (l)

]

· exp

{

ik[l +
x2

2 + (y2 ± mn1a)2

2R(l)
]

}

, (1)

where ω(l) is the section radius of the Gauss beam at the
exit plane of the waveguide, and R(l) is the curvature
radius of the Gauss beam wavefront. Therefore,
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The propagation function of the planar waveguide to
light can be taken as 2N+1 laser beams interfering and

being diffracted by the exit slit of the waveguide. Thus,
the transmitted complex amplitude can be written as
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The light propagation process is the diffraction of elec-
tromagnetic waves in space. According to the diffraction
theory of angular spectrum, the light propagation process
in free space from the diffraction screen to the view screen
in the frequency range is equivalent to passing through
an ideal low-pass filter with a 1/λ radius. Therefore, the
complex amplitude distribution of the light field in the
view screen can be calculated as[14]

U(x3, y3) =
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where F and F−1 are the Fourier transform and inverse
Fourier transform, respectively; k is the module of the
wave vector, k = 2π/λ; d is the distance between the
waveguide exit and the view screen. Therefore, the in-
tensity distribution on the screen is

I(x3, y3) = |U(x3, y3)|
2 . (6)

To verify the correctness of this numerical simulation
method, the far-field diffraction characteristics of the pla-
nar air waveguide are studied both by simulations and
experiments. In the simulation using MATLAB, the fol-
lowing parameters are chosen: refractive index of the air
layer, n1=1; waveguide thickness, a = 220 µm; waveg-
uide length, l=20 mm; laser wavelength, λ=632.8 nm;
waist radius of laser beam at the waveguide entrance,
ω0 = 25 µm. Figures 4(a) and (b) show the simulation
results of the far-field diffraction intensity distributions
of the planar air waveguide for d=60 and 90 mm, re-
spectively. Results show that diffraction and interference
induce changes in the far-field diffraction patterns com-
pared with the incident Gauss beam, thereby forming

Fig. 4. (Color online) Simulation results of the far-field
diffraction intensity distributions of the planar waveguide: (a)
d=60 mm and (b) d=90 mm.
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Fig. 5. (Color online) Experimental results of the far-field
diffraction patterns of the planar air waveguide: (a) d=60
mm and (b) d=90 mm.

Fig. 6. (Color online) (a) Simulation and (b) experimental re-
sults of the far-field diffraction pattern of the planar diamond
waveguide.

four central peaks with strong intensities and a number of
sub-maxima with weaker intensities on both sides. Com-
parison of Figs. 4(a) and (b) reveals that the diffraction
pattern remains nearly unchanged with increased diffrac-
tion distance, but the pattern size is somewhat expanded.

In the experiment, a planar air waveguide is formed by
two pieces of space-adjustable reflectance mirrors with
highly reflective coatings. The longitudinal width (x-
direction) of the waveguide is 10 mm, and the waveg-
uide length and thickness are chosen to have the same
sizes as the simulation parameters. The waveguide can
be equivalent to an infinite planar waveguide because the
waveguide longitudinal width is much greater than the
thickness and light wavelength. The He-Ne laser beam
is focused by a converging lens with a focal length of 5
cm, and the waist radius at the entrance of the waveg-
uide is measured to be ω0 = 25 µm using the knife-edge
method.

Figures 5(a) and (b) show the corresponding experi-
mental results of the diffraction patterns containing four
central peaks with strong intensity and a number of sub-
maxima with weaker intensities. Obviously, the simula-
tion results agree with the experimental ones.

The far-field diffraction characteristics of the planar di-
amond waveguide are also studied both by simulation and
experiment. In this MATLAB simulation, the parame-
ters are chosen based on the diamond waveguide we have:
the refractive index of diamond (intermediate layer) and
SiO2 (substrate) are n1= 2.41 and n3=1.46, respectively.
The upper cladding is air, the waveguide thickness is

a = 14.4 µm, and the waveguide length is l=2 mm. The
other parameters are set as follows: laser wavelength,
λ=632.8 nm; waist radius of laser beam at the waveguide
entrance, ω0 = 6 µm. Figure 6(a) shows the simulation
result of the far-field diffraction intensity distribution of
the planar diamond waveguide at d=40 mm. The far-
field diffraction pattern consists of five peaks with differ-
ent intensities. Figure 6(b) presents the corresponding
experimental results. Comparison of Figs. 6(a) and (b)
reveals that the simulation results are consistent with the
experimental ones.

In conclusion, numerical simulation based on diffrac-
tion theory in the frequency range is performed to study
the far-field diffraction characteristics of a planar waveg-
uide. The diffraction light intensity distributions of the
planar air guide and planar diamond guide on the screen
are numerically simulated using MATLAB. To verify the
correctness of simulation results, a He-Ne laser beam is
focused using a converging lens and then passed through
the plane waveguide. Subsequently, the far-field diffrac-
tion patterns on the screen are experimentally measured.
Comparisons are made between the simulation and ex-
perimental results, and both are found to be consistent.
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