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ANNEX II - Confidential Annex on Patenting of the 
Sensor Packaging 

 
In this confidential annex, we report on the sensor packaging for the pre-product prototype of 
the silica microstructured fibre (MSF) sensor. This information is of confidential nature 
because it includes ideas for patenting. Next to these ideas on the packaging, we will also 
give a brief overview of existing patents and on a workaround solution for commercialization. 

1. Ideas for the sensor housing 
The pressure sensor consists of an optical fibre cable and a sensor package. The sensor is 
intended for down hole pressure monitoring in the oil industry and hence for harsh 
environments. Pressure ranges can be up to 1100 bar and temperature ranges from 0 to 
250°C. The dimensions of the sensor package are preferably small i.e. the diameter is 
preferably a few millimetre (similar as the cable) and the length is preferably just a few 
centimetre. This should be feasible since the sensor is fibre sized. Basically, the sensor 
should look as sketched in Figure 1. 

 

 
Figure 1. Sketch of the sensor package concept. 

 
Critical aspects with respect to the above design are as follows:  
 

 The sensor package should be made transparent for pressure so that the pressure is 
transferred from the outside to the optical fibre. 

 There should be a hermetic feedthrough, which acts as a barrier between the sensor 
package (at elevated pressures) and the optical cable (at atmospheric pressures) in 
order to prevent the liquids under pressure to enter the fibre cable. The feedthrough 
should be able to operate under the required pressure and temperature ranges.   

 The lead-in fibre is a standard telecom fibre that needs to be connected to the MSF 
sensing fibre. The connection can either be a spliced connection or a ferrule 
connection. This connection needs sufficient mechanical protection. 

 
Ideas for possible solutions for the different critical aspects will be briefly presented below.  

1.1. Sensor packaging 
The initial idea for the sensor package was to use a cylinder made out of a porous material. In 
Figure 2 some examples of cylindrical shapes made out of porous material are presented. 
These parts are commercially available in various shapes (Figure 3) and grades (Figure 4) 
and are used in a wide variety of applications like e.g. for filtration in process industry. Owing 
to the porous nature, liquids can run through the metal and depending on the size of the 
pores it can act as a filter for various particles contained in the liquid. The material is also 
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transparent for pressure and this ability, together with the fact that it is rigid and robust, makes 
this material a good candidate for being used as sensor package material. 
    

 
Figure 2. Picture of various cylindrical shapes made out of porous material. 

 

 

 
Figure 3. The porous metal is available in the form of cups and can be threaded. 

 
 
 

 
Figure 4. Different material grades are determined by the size of the pores in the 

material. 
 
An alternative approach for the sensor packaging would be to use a metal bellow. In Figure 5 
some examples of metal bellows are presented. These parts are commercially available in 
various shapes and are typically used for pressure sensing in the oil and gas sector. Because 
the bellow is able to change its volume, the pressure inside the bellow will be equal to the 
pressure outside and because it is made out of metal it is also relatively rigid and applicable in 
harsh environments. These properties make it ideal for the envisaged application. Possibly, 
we could also opt for a combination of a bellow and a porous material. 
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Figure 5. Pictures of various metal bellows. 

1.2. Hermetic feed-through 
Several options for the hermetic feedthrough are available as well: 
 

 Glued fibre feedthrough: this is just a fibre that is sealed with glue in a hole, as used 
in the pressure set ups at FOS&S (100 bar) and at Stork Intermes (1100 bar).  

 Fibre feedthrough: similar like above but then a commercially available solution, see 
Figure 6. 

 Ferrule feedthrough: a hermetic feedthrough for ferrule connectors, see Figure 6. 
Important here is that it should be specified up to the maximum temperature range 
(250°C) and this is difficult to find as a readily available commercial product. 

 

  
Figure 6. Pictures of hermetic feedthroughs for optical fibres (left) and for ferrule 

connectors (right). 
 
Our preference goes to the fibre feedthrough solution rather than the ferrule feedthrough 
because of the required temperature range. 

1.3. Interface between housing and lead-in fibre cable 
The interface should be rigid in order to offer protection for the fibre connection. Furthermore, 
the connection with the cable and the feedthrough should be properly sealed so that it can be 
used in the envisaged pressure ranges. Standard solutions exist and hence this issue is not 
further regarded as being critical. 

2. Existing patents 
Initially it was our intention to patent (some of) the ideas for the sensor housing as outlined 
above. A patent search was performed in order to look for possible conflicting patents. Two 
patents, both from the oil and gas industry, could be identified: 
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 Patent: US006016702A 
o Applicant: R.J. Maron 
o Affiliation: Cidra 
o Date: 25/01/2000 
o Description: It involves a fibre based pressure sensor for harsh environments. 

The measurement principle is based on a pressure transducer mechanism that 
transfers the varying pressure in a varying strain that can be detected by an FBG. 
A second FBG can be used for temperature compensation. 

o Evaluation: This is not expected to be conflicting with our invention since it 
involves the explicit mentioning of a pressure-to-strain transducer mechanism, 
which is not present in our invention. 

 

 Patent: US006439055B1 
o Applicant: R.J. Maron 
o Affiliation: Weatherford Inc. 
o Date: 27/08/2002 
o Description: It involves a fibre based pressure sensor for measuring pressures 

in liquids under harsh environments. The measurement principle is based on a 
‘pressure transmitting device’ which transmits the pressure from the fluid to the 
sensor. The sensor is kept free of strain. 

o Claim 1: ‘A pressure sensor assembly for measuring a pressure of a first fluid 
comprising : a housing containing a second fluid; a fiber optic based pressure 
sensing element disposed in the second fluid; and a pressure transmission 
device coupled to the housing and disposed in contact with the first fluid, wherein 
the pressure transmission device transmits the pressure of the first fluid to the 
second fluid and maintains the second at a predetermined minimum pressure.’  

o Evaluation: This seems to be conflicting with our invention. The so-called 
‘pressure transmitting device’ is a very general description. A bellow is indicated 
as a possible example for this, see Figure 7 number 21. They also do not specify 
the type of optical sensor. Because of these very general descriptions, it is 
believed that the chances for infringement with our invention would be high.  

 
Figure 7: Schematic drawing of the sensor from patent US006439055B1. 

 
Because of the Weatherford patent, we decided not to proceed with the patenting of the 
sensor packaging.   

3. Workaround solutions 
In claim 1 of the Weatherford patent, it is mentioned explicitly that there needs to be a 
pressure transmission device between the first fluid and the second fluid in the sensor 
housing. A possible workaround solution for this patent is to place the sensor directly in the 
pressure transmitting device (like e.g. a bellow) and in this way omitting the sensor housing. 
But this needs to be looked at in detail, both for the technological and legal feasibility.  
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4. Conclusions 
Several ideas for the packaging of the pressure sensor as developed in PHOSFOS were 
presented. Because of possible conflicts with an existing patent from Weatherford, it was 
decided not to apply for a patent to protect the package at this stage. A possible workaround 
solution was presented but the feasibility needs to be further investigated.  
  


