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BackgroundBackground
 Developed optical modeling for prediction of

contamination effects on optical properties of lens-
based receptacles. Good correlation between
experimental and modeling data was demonstrated for
lens-based SFP modules.

 The development of a cleanliness specification for
receptacle modules is very challenging due to the wide
variety of existing technologies for TOSA (Transmitter
Optical Subassembly) and ROSA (Receiver Optical
Subassembly) designs.

 Designs can be categorized based on fiber or lens
design, lens shape, fiber stub or lens size, data rate,
and other variables, with examples shown in Figure 1.

Figure 1. TOSA  and ROSA  StructureFigure 1. TOSA  and ROSA  Structure

Table 1 shows one method of categorizing the
receptacle technologies. In this matrix, a ball lens is
defined as a complete sphere and a dome lens is a
partial sphere or aspherical shape.

Table 1. Optic Module Receptacle Technology MatrixTable 1. Optic Module Receptacle Technology Matrix

 The experimental vehicle for this project was a ROSA
device, a standard OC-48 SFP module manufactured by
Sumitomo Electric (see Figure 1).

 The optical interface of this ROSA is a non-contact ball
lens. The influence of SiO2 dust with particle sizes less
than 149 µm on ROSA optical performance was
investigated. A cleaning stick was used to apply dust
to the lens surface. The DOE is shown in Figure 2.

 After the measurement of clean conditions, the test
dust was applied to the lens surface.

Figure 2. Design of ExperimentFigure 2. Design of Experiment

 ORL and PD sensitivity of the contaminated sample
were measured 5 times, and an image of the end-face
was recorded after every de-mating.

 All lens images were processed using FiberQA-EFI
software from PVI Systems to generate binary bitmap
images of the contamination for use in the modeling.

Critical Parameters and Experimental DataCritical Parameters and Experimental Data
 We investigated the impact of contamination on

different optical parameters of the ROSA including PD
sensitivity, LOS (Loss of Signal) activation level and
ORL. The data are summarized in Table 2.

 PD sensitivity was found to be the most sensitive
parameter for a ROSA with a non-contact lens.
Contamination resulted in decreases in PD sensitivity
up to 15 A/W and changes of LOS activation level up to
0.9 dB as shown in Table 2. At the same time, ORL
remained constant within measurement accuracy.

Term  Clean State  After Contamination, 1st mating  Variation  

PD Sensitivity  0.83A/W  0.68A/W  -0.15 A/W  

LOS Activation level  24.9dBm -24.0dBm 0.9dB  

ORL 14.1dB  14.2dB  0.1dB  

 

Table 2.Table 2.  Contamination Influence on Contamination Influence on Opto-electrical Opto-electrical CharacteristicsCharacteristics



Modeling Overview and MethodologyModeling Overview and Methodology
 The model determines the effect of contamination by

comparing the coupling efficiency calculated for the
ideal and contaminated cases.

 The contaminated case is obtained by inserting a
bitmap image of the contamination in series with the
other optical components.

 The change in the coupling efficiency of the system
represents the added insertion loss due to the
contamination.

 The simulation was carried out with ZEMAX, a tool
primarily for ray tracing with an added module for
physical optics propagation. The fiber was a single
mode fiber illuminated with a 1550nm laser source.

Figure 3. Example of the Modeling Process, Input,Figure 3. Example of the Modeling Process, Input,
and Output Imagesand Output Images

 The fiber was a single mode fiber illuminated with a
1550nm laser source.

 The divergence angle of the light exiting the fiber was
about 5.2° and was modeled as a Gaussian beam.

 The image of a contaminated lens surface was taken
and processed into a binary image of the
contamination.

 This image was then inserted into a non-sequential
optical system.

 Coupling efficiency of the system was calculated
before and after the insertion of the image. The
difference between these two conditions was the
insertion loss.

 An example of the modeling process, input images,
and insertion loss results is shown in Figure 3.

 Four sets of samples with various degrees of
contamination are chosen for analysis and a
comparison is made between the modeling and
experimental results, as shown in Figure 4.

 Modeled IL is typically lower than the measured IL.
Good correlation between experimental data and
modeling data has been achieved using measured
contamination in the central 315 um diameter zone of
the lens (Samples 1, 2 and 4).

 The experimental data was generally lower for
Samples 1, 2 and 4, which may have been due to
partial transparency of the SiO2 dust.

 The discrepancy on Sample 3 may be attributed to the
contamination effect from the fiber end-face that was
ignored in simulation.

 Particle migration may also cause discrepancy
between simulation and experiment.

Figure 4: Comparison of Experimental and ModelFigure 4: Comparison of Experimental and Model
Delta Insertion LossDelta Insertion Loss

ConclusionsConclusions
 The methodology of incorporating visual images of a

contaminated lens into an optical modeling tool for
analysis is introduced.

 The method is then applied to a real case study where
the experimental data are available for a group of
receiver modules that were exposed to contamination
in a controlled manner.

 The simulation results are compared with receiver
sensitivity measurement data and agreement is
obtained.

 The investigation shows that the proposed modeling
approach is a promising tool for determining the
effect of contaminated surface on the functionality of
a component in a transmission line.

 The proposed modeling approach can be used for
developing appropriate cleanliness criteria for lens-
based transmitter or receiver modules. Contact informationContact information
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