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Abstract: We theoretically and experimentally
evaluate the characteristics of a free-space-optics type 
ring-shaped mode-dependent loss compensator for 
4LP-mode transmission.

Introduction
Mode-dependent loss (MDL) is known to have a 

significant impact on the transmission reach of mode-
division-multiplexed transmission systems [1]. A 
transmission experiment recently showed that using 
cyclic mode permutation could mitigate the impact of 
MDL [2]. Others candidates for resolving MDL include 
MDL compensators [3–5]. The free-space-optics type
(FSO) MDL compensator with spatial filter produces a 
negative MDL, low excess loss, and low cost [4]. In our 
previous work, we reported the feasibility of the FSO-
MDL compensator with spatial filter for 4LP modes [5].

In this paper, we theoretically and experimentally 
investigate the diameter and width dependency of the 
loss characteristics of a ring-shaped MDL compensator.  

Ring-shaped MDL compensator for 4LP modes
Figure 1(a) shows a schematic diagram of the FSO-
MDL compensator with spatial filter for 4LP modes.   
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Fig. 1. (a) Schematic diagram of FSO-MDL 

compensator. (b) Ring-shaped spatial filter.

The compensator consists of two lenses and a spatial 
filter [5] to compensate for the MDL of input light. A 
ring-shaped (RS) spatial filer is utilized for this, as 
shown in Fig. 1(b), and the ring area blocks the light 
beam. In the figure, MFD is the mode field diameter of 
LP01 light, and d and w are the diameter and width of 
the blocking area, respectively.  

The loss characteristics of the RS-MDL compensator 
depend on d and w. The calculated loss values of each 
mode are shown in Fig. 2, where D and W are the 
normalized diameter (d/MDF) and normalized width 
(w/MDF) by MFD. We can see here that the amount of 
loss is almost proportional to W, and that the loss ratio 
can be controlled by changing D.  

  
(a) Width dependency  (b) Diameter dependency

Fig. 2. Calculated loss characteristics.

Therefore, the loss characteristics of the RS-MDL 
compensator can be controlled by setting the diameter
and width of the blocking ring. For example, we should 
be able to compensate the MDL (LP01–LP11:1.0 dB, 
LP01–LP21:1.8 dB, and LP01–LP02:1.8dB) when W
and D are set to 0.16 and 0.48, respectively.
Next, we fabricated an RS spatial filter by depositing 

aluminium on silica glass. The loss characteristics are 
shown in Fig. 3. As we can see, the measured LP01 loss 
values were close to the calculated values. However, 
the measured loss fluctuation of LP11 was large. This 
was mainly due to the low SNR of LP11 in this 
experiment.   

Fig. 3. Loss characteristics of fabricated compensator.

Conclusion 
We investigated the ring-shaped MDL compensator

for 4LP-modes and found that the amount of loss and 
the loss ratio can be controlled by setting the width and 
diameter of the blocking ring, respectively. This
compensator is therefore useful for 4-LP mode 
transmission with low excess loss and low cost. 
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