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Abstract 

This paper presents the design and characterization of a 2x3 multimode interference coupler, enabling 

interferometric phase detecting for photonic integrated circuit-profilometry. The design was optimized for the 

indium phosphide platform using the eigenmode expansion method. Characterization results show non-ideal 

deviations from simulations due to fabrication deviations.  

I. INTRODUCTION 

As semiconductor architectures become increasingly sophisticated and feature sizes continue to shrink, so does 

the requirement for the metrology tools to keep up with an even higher precision and accuracy while being fit for 

high-volume manufacturing. Optical metrology techniques, like profilometry, avoid physical contact while still 

providing the high resolution necessary but yet face challenges in achieving the combination of resolution, 

speed, and scalability required for advanced manufacturing processes[1]-[3].  

Photonic integrated circuits (PICs) have emerged as a promising technology to address these limitations. Already 

being widely adopted in data/telecommunication and sensing applications[4],[5]. The indium phosphide (InP) 

material platform offers the ability to integrate active and passive photonic components on a single chip. This 

opens the door for next-generation metrology sensors, including PIC-based profilometers.  

An optical profilometer relies on the interference between a reference beam and probe beam reflected from a 

target surface. The resulting interference decodes phase information corresponding to the target topography. 

Earlier work already investigated the achievable phase resolution with “off-the-shelf” standard building blocks, 

showing achievable phase sensitivity down to 0.020 degrees, corresponding to a height resolution of 43 pm in a 

profilometry context[6]. An important building block in these type of circuits are optical hybrids, often in the 

form of multi-mode interference (MMI) couplers.  

In this paper, we present the design and characterization of a 2x3 MMI coupler. A triple output port is chosen for 

the advantage of having an uniform phase sensitivity, eliminating the need for active control of the operation 

point[7].  

II. METHODS 

The 2x3 MMI was designed using the EME solver in Lumerical (Ansys Inc.). In EME, the input/output 

waveguide and free-propagation region cross-sections are defined. The supported modes are simulated and 

analytically propagated through the structure for different lengths. This allows for relatively fast optimization of 

these kind of optical devices.  

A width of 12 µm was chosen as it was found to be the optimum trade-off between imaging quality, fabrication 

deviation tolerances and overall size. Next, coupler length, in/output port width and location was optimized 

using parameter sweeps. Starting conditions of the design parameters were determined according to the well-

known self-imaging theory[8]. The optimized parameters were found to be w = 12 µm, L = 402.5µm,  

iow = 2.5 µm. The MMI inputs/outputs were adiabatically tapered down to the width of 1.5 µm for the standard 

 
Fig.1: Zoomed-in optical microscope image of the test structure on the fabricated PIC. 



deep-etched waveguide. A chip, shown in Fig. 1, with test circuits was monolithically fabricated in an InP multi-

project wafer run of SMART Photonics[9]. The test structure consisted of an asymmetric MZI where a deliberate 

arm-length difference was introduced. A schematic of the test structure and measurement setup used for 

characterization together with an optical microscope image is shown in Fig.2. The designed arm length 

difference between the two MZI arms was 1450 µm, which would correspond to a free spectral range (FSR) of 

approximately 0.5 nm. 

  
Fig.2: Pictogram of test structure and measurement setup. LF= lensed fiber. 

 

During the measurements the light was edge coupled into the west side of the chip and collected at the east side 

of the chip with polarization maintaining lensed fibers. To maximize the coupling efficiency, automated optical 

alignment was performed which consisted of coarse and fine scanning of the six individual alignment axis with 

mechanical and piezo stages. After alignment, the transmission spectrum was recorded by performing a 

wavelength sweep with an external narrow-linewidth tuneable laser source (TLS) and recording the optical 

power with a power meter (PM). The expected optical power P in the i-th output port can be analytically written 

as[10] 

𝑃𝑖 = 𝐶(|𝑆𝑖1|2 + |𝑆𝑖2|2  + 2|𝑆𝑖1𝑆𝑖2| cos(𝜙𝑖 + Δ𝜙)),  (1) 

Where C is a constant containing factors like insertion loss and propagation loss which is assumed to be similar 

for each port. Sij are the complex scattering matrix coefficients where j refers to the input port. 𝜙𝑖 = arg{𝑆𝑖1} −

arg{𝑆𝑖1} and Δ𝜙 =  
2𝜋

𝜆
𝑛𝑔Δ𝐿 with ng the group index. The parameters of interest were extracted with a non-linear 

least squares fit and can be used to evaluate performance metrics like splitting ratio, loss and phase error.  

III. RESULTS 

Fig.3 shows the measured optical power at each output port across a 1 nm wavelength range. This wavelength 

range was chosen because it resulted in the highest R2 (>0.999) value for the least-squares fit, indicating that (1) 

adequately describes the measurement data. It shows the expected periodic dependence of the optical power on 

the TLS wavelength. The extracted Δ𝐿 = 1450.9 ± 0.6 µm which is in very good agreement with the design. The 

imbalance can be determined by looking at the differences in amplitude between the ports which is found to be 

max 1.4 dB between the two outermost ports. The relative peak position of the three curves was determined from 

the peak positions in the transmission spectra. The phase offset error can then be found from the difference 

between the experimentally obtained phase offset and the ideal theoretical phase offset of 120 degrees. From the 

measurement a deviation of 4.6, 1.8 and 6.5 degrees was found between the expected phase offset between the 

three ports.  

The high imbalance can most probably be attributed to fabrication deviations as significantly different values 

were found across several devices. Another factor that could affect the measured imbalance could be attributed to 

any power imbalance in the a-MZI potentially coming from the 1x2MMI and the higher waveguide loss (0.5 dB) 

in the longer arm of the MZI. 



IV. CONCLUSION 

In this paper we demonstrated the design and characterization results of an integrated 2x3 MMI coupler was 

presented. Characterization results show deviations when compared to simulations, likely due to fabrication 

deviations. If the device is to be used in an fully-integrated interferometry circuit for contactless optical 

profilometry, a compensation schema is to be developed to account for these inevitable non-idealities. Future 

work will focus on implementing this 2x3 MMI in phase measurements. 
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