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Abstract
A compact interferometer is designed and simulated using ZEMAX Optic Studio based on Mach-Zehnder geometry. This design 

includes an optical system consisting of He-Ne laser, fully reflecting mirrors, beam splitters (1:1) and detectors (Image Sensor). Simu-
lations results are simulated in non-sequential mode using the physical optics propagation (POP) approach. 3D layout, shaded 
model, fringes pattern, coherence irradiance plot, coherent phase is simulated for the designed Mach-Zehnder interferometer. The 
coherent sum of the array amplitudes shows the interference fringes between the two beams. The total power is conserved between 
incoherent and coherent additions, but the peak irradiance of the coherent beam is two times that of the incoherent beam sum as it 
should be. The results show that the system is working perfectly; a compact and cost-effective interferometer can be built using this 
design.
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Introduction

When light from a single source is divided into two collimated 
beams, a Mach–Zehnder interferometer is used to measure the 
relative phase shift changes. Phase changes between two beams 
generated by a sample or a change in path length have been mea-
sured using the interferometer, among other things. An 1891 work 
by German physicist Ludwig Zehnder was modified by his son, 
Ludwig Mach, in a subsequent publication in 1892. The device is 
named after them [1-3]. In 1992 a sensor system was made for 
measuring gaseous compounds using an integrated optical Mach-
Zehnder interferometer (IO-MZ chip). By this means, the experi-
mental signal obtained can be correlated to changes in the refrac-
tive index of the polymer layer. The dependence of the interference 

patterns on wavelength is explained [4]. It was first reported in 
1998 that the Mach-Zehnder interferometer (MZI) might be used 
to analyze biomolecular surface multilayers. Three-waveguide cou-
pler structure at interferometer output benefits signal reference 
and establishment and maintenance of a sensitive operating point 
to the sensor design [5]. Based on non-reciprocal interference, a 
waveguide optical isolator has been developed. Ridge waveguides 
are constructed on a single sheet of bismuth-, lutetium-, neodym-
ium-iron garnet in a Mach–Zehnder configuration [6]. MZI-based 
logic gates were constructed using the efficient Mach–Zehnder in-
terferometer (MZI) structure; the voltages on each electrode affect 
MZI’s performance. The voltage fluctuation in the electrodes has 
been shown to alter the transmission of electricity [7].
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This article introduced the design simulation of the compact 
and small size Mach–Zehnder interferometer’s optical structure. It 
uses a monochromatic source, plane mirrors, beam splitters, and 
two detectors. Because of the small length of the overall system, it 
gives better resolution. Thus enabling the development of robust 
and low-cost Mach–Zehnder interferometer for optical measure-
ments.

Surface Type X Position 
(mm)

Y Position 
(mm)

X Position 
(mm) Tilt About X Tilt About Y Tilt About Z Glass

OBJ Source 0 0 0 0 0 0 -

1 Polygon 
Object 0 0 20 -45.000 0 0 BK7

2 Rectangle 0 0 20 -45.005 0 0 MIR-
ROR

3 Rectangle 0 0 120 -45.000 0 0 MIR-
ROR

4 Polygon 
Object 0 0 120 -225.000 0 0 BK7

5 Detector 0 0 150 0.000 0 -90 AB-
SORB

6 Detector 0 0 120 90.000 0 -90 AB-
SORB

Table 1: Non-sequential component window in Zemax.

Design parameters

The non-sequential component window in Zemax [8], shown in 
table 1, defines the different designing parameters, such as the sur-
face type, positions, angle, and Glass type. We opted for the physi-
cal optics propagation (POP) approach because geometrical 
ray-tracing can only be employed when diffraction restrictions 
are insignificant [9].

The system includes a He-Ne laser, two plane mirrors, two beam 
splitters, and two CCD (Charge-coupled device) detectors. The 
front faces of the beam splitter plates are coated (1:1) such that 
50% of the light gets reflected and 50% transmitted. A He-Ne laser 
is split at the first splitter and recombined by the second splitter. 
One of the mirrors is at a slight angle with respect to the second 
and so the beams are recombined with some tilt. Figure 1A shows 
the schematic diagram, which is the layout for the Mach-Zehnder 
interferometer’s optical configuration. Figure 1B shows the shaded 
model of the configuration, the two detectors at the end show the 
interference pattern.

Figure 1: A. 3D Layout of Mach-Zehnder Interferometer. B. 
Shaded model of Mach-Zehnder Interferometer.

(A)

(B)

We choose a 632.8 nm center wavelength laser as the light 
source, whose output power is 500 mW. A beam splitter (BS1) di-
vides the incoming coherent light beam into two identical ones. 
Before they reach a detector, each of these beams takes a distinct 
path and is recombined. Their route lengths cause the phase dif-
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ference between the two beams. The interference pattern between 
the originally identical waves is caused by the imposed phase dif-
ference [10]. As illustrated in figure 1A, both beams are redirected 
towards the second beam splitter (BS2), where they interfere and 
the results are recorded at the detectors on both sides of the split-
ter. A 512 × 512 pixels charge-coupled device (CCD) is chosen to 
record the spatial profile. The scale of each pixel is (10 × 10) μm, 
and the receiving surface of CCD is 2.1 cm2.

It is possible to tell whether a beam has been divided into two 
separate beams by the phase difference between them. If the route 
length changes or the refractive index changes, this might be a 
physical change or a change in the refractive index.

The initial parameters of the system design are shown in table 2.

Parameter Value

Laser Wavelength 632.8 nm

Power 500 mW
Number of Layout rays 50

Number of Analysis rays 3000000

CCD Pixel 512 x 512

Size of Pixel (10 x 10) μm

Table 2: Initial structure parameters of Mach-Zehnder 
Interferometer.

Simulation results and analysis

The simulated fringes pattern that occurs due to interference of 
the light beams at the detectors is shown in figure 2.

Figure 2: Fringes pattern at the detectors.

The optimized spot diagram in the form of irradiance and phase 
is shown in figure 3A. An image formed on the image plane shows 

that the beams interfere and fringes are well-separated and distin-
guished. 

(A)
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(B)
Figure 3: A. Spot diagram of the interference pattern (fringes) and coherent phase at the detector 1. B. Comparison of coherent 

phase and coherent irradiance at the detector 1.

It can be seen from figure 3B that where the beams are in phase, 
they interfere constructively, then there is maximum irradiance 
(bright fringe) and as the angle increases, the irradiance decreases. 

When the beams are out of phase, they interfere destructively and 
the coherent irradiance goes to zero [11].

(A)

(B)

Figure 4: A. Spot diagram of the interference pattern (fringes) and coherent phase at the detector 2. B. Comparison of coherent phase 
and coherent irradiance at the detector 2.
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Figure 4 shows the results detected at detector 2. All results are 
obtained in the Non-Sequential Mode of Zemax. The coherent sum 
of the array amplitudes shows the interference fringes between the 
two beams. ZEMAX can model any form of the shearing interferom-
eter using this technique. The total power is conserved between 
incoherent and coherent additions, but the peak irradiance of the 
coherent beam is two times that of the incoherent beam sum as it 
should be [12,13]. It is possible to tell whether a beam has been 
divided into two separate beams by the phase difference between 
them. If the route length changes or the refractive index changes, 
this might be a physical change or a change in the refractive index. 
By introducing a sample in one of the paths, we can observe the in-
terference pattern change at the detector from that, we can extract 
the information about that sample [14,15].

Conclusion

The Mach-Zehnder Interferometer utilizes a monochromatic 
He-Ne laser source and two beam splitters. The Interferometer 
system’s modeling approach is suggested by introducing two split-
ters and two detectors instead of polarizers. The light with a center 
wavelength of 632.8 nm is used for simulation and optimization 
in the Zemax optical modeling program. Spot diagram, irradiance 
plot, coherent phase are simulated. The analysis shows that the im-
age efficiency of the system is higher, and interference patterns can 
be obtained using the above-designed Mach-Zehnder Interferom-
eter system. This study could pave the way for developing a robust, 
miniature, compact and low-cost Mach-Zander Interferometer for 
optical measurements.
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