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Deliverable D8.3: Implementation of benchtop PAT scanner   

SUMMARY 

 

Scanner hardware 

The design and construction of the bench top PAT scanner shown in figure 1 below has been 
completed. The purpose of this system is to provide a flexible laboratory system that allows re-
configurable operation in tomography and 1st generation OR-PAM modes. It also provides a rapid 
prototyping platform for evaluating new excitation and interrogation lasers from project partners 
Innolas and Elforlight,, FP sensors and interrogation schemes and transferring these 
developments to project partners MUW.  

The system is shown in figure 1. It comprises the FP ultrasound sensor which is interrogated by a 
scanning 1550nm CW interrogation laser beam. The PAT excitation laser (from Innolas) is 
coupled into a multimode fibre to provide wide-field illumination. A simple first generation OR-
PAM capability is incorporated (as part of ongoing work towards D8.6) by combining the output of 
a Nd:YVO4 pumped dye laser (supplied by Elforlight) with the sensor interrogation beam and 
scanning the two together. The PAT component of the system is fully automated with the 
excitation laser, interrogation and scanner all under Labview PC control and is fully operational. 
The OR-PAM excitation dye laser is not under PC control as it is a temporary unit which will be 
replaced with the OPO system when it is delivered via WP4 and fully integrated as part of future 
deliverable D8.8. The field-of-view is defined by a 20mm diameter circle, the interrogation beam 
spot size is 20µm and the minimum step size is 5µm. Image spatial resolution is in the range 50-
100µm depending on depth. The knowledge acquired in developing the scanner has been 
transferred to project partners MUW in order to incorporate OCT as part of the dual mode 
scanner under development in D8.8. 

 

 
 

Figure 1 Schematic and photograph of benchtop PAT scanner 

 



 
 

FP sensor design and fabrication 

A key component of this deliverable has been the design and fabrication of the FP polymer film 
ultrasound sensor with aim of improving both acoustic sensitivity and robustness. The former has 
been achieved by undertaking numerical simulations of the FP sensor transfer function in order to 
identify the highest reflectivity dielectric mirrors that can be used given the tolerances in the 
deposition process. This has led to the demonstration of a higher finesse FP sensor that yields a 
factor of two increase in sensitivity. (see figure 2) 

 
Figure 2 Comparison of transfer function (left) and acoustic sensitivity (right) of sensor design 
illustrating almost two fold increase in sensitivity. This was achieved using a higher reflectivity 
coating in order to increase finesse. 

 

The etalon polymer spacer and protective barrier coatings are formed using the gas phase 
Parylene deposition process. Coatings with a low level of defect, high uniformity and optical 
clarity have previously been deposited. This type of high quality coating is important in order to 
achieve optimal sensitivity, reduce the number of dark pixels and maintain the integrity of the 
barrier coating. However, it has proved difficult to achieve similar quality in recent batches, with 
particulate contamination proving most problematic. This introduces defects in the spacer  (see 
figure 3) which manifest themselves as low sensitivity micro-regions and failure points in the 
barrier coatings that lead to water ingress and damage to the outermost dielectric mirror coating. 
Two sources of contamination have been isolated. Internal contamination due to residue from the 
furnace that evaporates the dimer and external environmental particulate contamination. 
Measures have been taken to reduce both sources through refurbishing the coater and improved 
clean room working practices. This has yielded significant improvements to the point at which 
acceptable quality has been achieved for tomography mode imaging. In addition to improving 
robustness a more rugged spin coated polyethylene barrier coating has been successfully 
developed. 

Further improvements in spacer quality will be sought in order to achieve improved OR-PAM 
imaging capability. This is important because in OR-PAM, unlike tomography mode, each defect 
is encoded directly on to the image. It is anticipated these improvements will be achieved by the 
installation of a new coating system and its co-location with the substrate preparation area. 



 
 

 
Figure 3 Image of typical coating defects in FP space (top) and effect of water ingress (lower) 
due to defect-induced failure of barrier coating.   

 

Two sensor batches have been fabricated as part of this deliverable. Both employed the new high 
finesse sensor design (figure 2) and samples from each were delivered to project partners MUW 
for integration into their dual mode PAT-OCT scanner. The first batch, although useable, yielded 
modest image quality and limited lifetime. The second batch represented a significant 
improvement enabling high quality images to be obtained and, by virtue of the new barrier coating 
process, significantly improved robustness. A typical image of the vasculature in mouse skin 
obtained using one of these sensors and  is shown in figure 4. 

 

 
Figure 4 PAT image of mouse skin vasculature 

 

 



 
 

Summary 

A flexible reconfigurable benchtop scanner that can operate in PAT and 1st generation OR-PAM 
modes has been implemented for the purpose of evaluating the new laser sources provided by 
project partners Elforlight and Innolas as well as testing new sensor designs and interrogation 
schemes. Although improvements to the sensor fabrication process are still required, it has been 
possible to acquire high quality in vivo PAT images with these sensors. The scanner design and 
interrogation software as well as a number of FP sensors have been provided to project partners 
MUW to allow them to implement a similar system for integrating with OCT in order to implement 
a dual mode scanner. In all important respects, this deliverable has been completed according to 
expectations and within the allocated time. 


