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3 

 

3.1.1 

 

  

𝐼𝐿(𝑑𝐵) = 𝑃𝑟𝑒𝑓(𝑑𝐵𝑚) −  𝑃𝑜𝑢𝑡(𝑑𝐵𝑚) 
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3.1.1.3 Phase EOM transmission measurement (Pout):  
 

 
Fig. 22 

 

Note: This measurement includes an uncertainty attributed to the optical connector’s 

misalignment and mating sleeve. 

Depending on the quality / compatibility of each optical element (connectors, mating sleeve), we 

estimate that the excess optical losses are as following: 

 

FC/APC @1550 nm: IL ≤ 0.25 dB per connector 

FC/APC @1060 nm: IL ≤ 0.4 dB per connector 

FC/APC @850 nm: IL ≤ 0.5 dB per connector. 

 
 
3.1.2 W/O OPTICAL CONNECTORS (CUT-BACK METHOD) 

 

The cut-back method is a well-known set up to avoid the uncertainty induced by optical 

connectors. However, this method needs the use of a fiber fusion splicer equipment. 

 

3.1.2.1  Reference measurement (Pref): 

 

 
Fig. 23 
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3.1.2.2  Intensity EOM max transmission measurement (Pout): 

 

 
 

Fig. 24 
 

3.1.2.3  Phase EOM transmission measurement (Pout):  

 

 
Fig. 25 

 

 

Cut-back advantage:  avoid uncertainty induced by optical connectors & mating sleeves (but still 

includes splices losses, ≈ 0.01 dB per splice). 
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3.2  Static Extinction Ratio (SER)  
 
The static extinction ratio is defined as the maximum dynamic between the optical ON-state and 

OFF-state at the output of the intensity modulator: 

 

Intensity Modulator Transfer Function 

 
Fig. 26 

 

 
 

3.2.1  EOM MAXIMUM TRANSMISSION MEASUREMENT (PMAX): 
 

 
 

Pmax is set as reference on the powermeter 
 

Fig. 27 
 

𝑆𝐸𝑅(𝑑𝐵) = 𝑃max⁡(𝑑𝐵𝑚) −  𝑃min⁡(𝑑𝐵𝑚) 
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3.2.2 EOM MINIMUM TRANSMISSION MEASUREMENT (PMIN): 
 

 
Fig. 28 

 

 

Note: The DC voltage applied to adjust Pmin can be positive or negative. We recommend 

selecting the voltage corresponding to Pmin that is closest to zero in order to minimize DC-drift. 

 

Intensity Modulator Transfer Function 

 
Fig. 29 
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3.3  Half-wave voltage (V) at low frequencies 
(kHz) 

 

The half-wave voltage (V), is the voltage needed to induce a  phase shift on the optical wave. 

With the intensity modulator, which is a two-wave interferometer, it corresponds to the driving 

voltage necessary to vary the optical output from the maximum of power to the minimum of 

power (see the Modulator Transfer Function, MTF): 
 

Intensity Modulator Transfer Function 
 

 
 

Fig. 30 
 
 

3.3.1 VDC MEASUREMENT SET UP (DC ELECTRICAL PORT) 

 

Fig. 31 
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3.3.2 VRF MEASUREMENT SET UP (RF ELECTRICAL PORT) 
 

3.3.2.1  Intensity Modulator 

 

 
Fig. 32 

 
 

3.3.2.2  Phase Modulator 
 

 
 

Fig. 33 
 
 

Note: Reference Phase EOM & DUT must have similar insertion losses to recreate a balanced MZ 

interferometer. 
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3.4 Residual Amplitude Modulation (RAM) 
 

The purpose of any phase modulator is to modulate the phase of light. On an integrated optical 

structure like a Lithium Niobate modulator, a perfect phase modulation is true in theory, but also 

yields to undesired side effects. Indeed, the optical phase modulation yields a very weak optical 

amplitude modulation. The residual amplitude modulation parameter (dB) is defined by the ratio 

of the measured AC to DC intensity components at the optical output of the modulator (see the 

following set up and graph): 

 

 

 

 
Fig. 34 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝑅𝐴𝑀 = 10 × log10 (
𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒

𝑀𝑎𝑥.  𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒
) 
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Phase Modulator Response in Time 

 
Fig. 35 

 
 

3.5  Polarization Extinction Ratio (PER)  
 

The modulator’s best electro-optical efficiency is obtained when the light is linearly polarized 

along the Z axis of the crystal (TM-polarized light for Z-cut or TE-polarized light for X-cut). 

Therefore, it means that a majority of the integrated optical components come with polarization 

maintaining (PM) fibers (PANDA type). 

 
Fig. 36 
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The PER is the optical power ratio between the two main polarization axis (slow/fast) measured at 

the PM output of the modulator. We measure the PER of the modulator by injecting a linearly 

polarized light on one axis only and then measuring the optical power on each axis PFast and PSlow. 

 

 
Fig. 37 

 

 

 

For this set up, a broadband source like an ASE or SLED coupled with a polarizer is used. The use 
of such a light source ensures a stable PER measurement: 
 

 
 

Fig. 38 
 
 
→ PER is read directly on the PER meter (rotating polarizer). 
 
 
 
 

A narrow linewidth laser such as a DBF can also be used to measure PER. However, with such a 

highly coherent source, if a fraction of the polarization travels along the wrong axis, any stress on 

the fiber (ex: temperature change) will directly affect the phase relation between the slow and fast 

axes in the PM fiber and therefore the PER, in a time dependent manner. In order to evaluate the 

worst situation, you need to apply some stress on the output fiber and record the lowest PER: 

𝑃𝐸𝑅(𝑑𝐵) = 10. 𝑙𝑜𝑔10 (
𝑃𝑆𝑙𝑜𝑤
𝑃𝐹𝑎𝑠𝑡

) 
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Fig. 40 
 

 
 

Fig. 39 

 

Notes: 

Optical connectors are usually the first root cause of PER degradation because of the 

misalignment between the PM fiber axes and the connector key. 

In a same way, a bad mechanical tolerance with the mating sleeves can be a cause of PER 

instabilities and degradation. Some manufacturers propose mating sleeves with a better 

mechanical tolerance, for high PER applications.  
 

3.6  Polarization Dependent Loss (PDL) 
 
The PDL is the optical loss difference (dB) between the two main polarization axes when light is 

injected into the modulator. This parameter is particularly relevant to the polarization switch and 

the polarization scrambler modulator. 

 

On LiNbO3 chips, PDL is the optical loss difference between TE & TM polarization states (dB) for 

the respective optical input powers P1 & P2 (in dBm): 

 
 
  
 
 
  
 
 
 
 
 
If P1=P2,  
 
 
 
 
 

𝑃𝐷𝐿(𝑑𝐵) = 𝛼𝑇𝐸(𝑑𝐵) − 𝛼𝑇𝑀(𝑑𝐵) 

𝛼𝑇𝐸(𝑑𝐵) = 10. 𝑙𝑜𝑔10 (
𝑃𝑇𝐸
𝑃1

) 

𝛼𝑇𝑀(𝑑𝐵) = 10. 𝑙𝑜𝑔10 (
𝑃𝑇𝑀
𝑃2

) 

𝑃𝐷𝐿(𝑑𝐵) = 10. 𝑙𝑜𝑔10 (
𝑃𝑇𝐸
𝑃𝑇𝑀

) 

𝑃𝐷𝐿(𝑑𝐵) = 𝑃𝑇𝐸(𝑑𝐵𝑚) − 𝑃𝑇𝑀(𝑑𝐵𝑚) 
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The following set up explains how to measure it: 
 

 
 

Fig. 41 
 
 
PTE & PTM are obtained by varying the input light polarization state with a polarization controller. 
 
 
 

3.7  Electrical return loss S11 & electro-optical 
bandwidth S21  

 

The high frequency efficiency of the RF port is generally given by the electrical return loss and the 

electro-optical transmission values. 

These parameters are measured with some high-speed instruments such as photodiode and 

Vectorial Network Analyzer: 
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(*) DC is adjusted to reach quad transmission (small signal to linearity slope of MTF) 
 

Fig. 42 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 43 

 

 

Electro-optical bandwith (S21) 

Electrical réflexion (S11) 


