Preliminary Considerations for a Robust and Stable Photodetector Sealing

At first, our discussion was focused on the factors related to the development of a robust sealing for photodetectors. Then, based on some reported data, it came up the stability topic of this sealing as a function of time. Assuming that no environmental conditions may affect the sealing integrity (such as the presence of some aggressive gas) and the photodetector won’t be exposed to any temperature cycle; therefore, the robustness and stability of the photodetector sealing could be related to some factors of the sealing process.   

The main three steps considered in the sealing process are:

- Side-wall bonding to the bottom glass at relatively high temperature

            - Baking of Photodetector with assembled components at 350-400o C


- Photodetector sealing at relatively low temperature – less than 150o C.          

The first and second steps require the bonding of materials at different temperatures. In general, it is considered that the bond strength can be related to: 1) joint design, 2) bonging material, and 3) process to apply this bonding material. Therefore, a robust photodetector can be influenced by these three factors. Meanwhile, the stability of the sealing as a function of time may be ensured by the selection of a proper bonding material and bonding process. 
Some interactions of those three factors are presented in the following three sections: 1) joint design, 2) low temperature bonding, and high temperature bonding. 

1) Joint Design; The original joint design can be described in two steps:
a) The bonding of the side-wall glass to the bottom glass (red line)       
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b) The sealing of the Photodetector at low temperature (blue line)
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However, by increasing the contact area for the lower temperature sealing it may be possible the formation of a better sealing than with the original joint design. The addition of Kovar pieces in the joint design is another idea. Three modified joint designs are described below.   
1.2) Adding small glass piece; the addition of this small glass piece does not require major changes in the original joint design. It has two steps:
a) Bonding of side-wall to bottom glass and glass piece to top glass.
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b) Sealing the Phototector at low temperature (blue line)
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1.2) Increasing size of both glasses and adding a glass piece to top glass; This joint type can give more area but implies changes in the size of the top, and bottom glasses and the addition of a glass piece to the top glass. The two steps are the following:
a) The bonding of the side-wall glass to the bottom glass and a glass piece to
      the top glass at high temperature.
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b) It provides a larger area for the sealing at lower temperature (blue line).
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1.3) Bonding Kovar pieces on original joint design: it appears that Kovar-to-glass bonding provides a reliable bonding and it may be possible to use a solder material to join these Kovar pieces as indicated below in the two steps:
a) Bonding Kovar pieces on top glass and on top of side-wall glass.
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b) Then using a solder to seal the photodetector at low temperature.
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2) Low temperature bonding; at this time there are three possibilities to consider: 1) selected soldering, 2) Indium seal, and 3) adhesive bonding.

2.1) Selected soldering; a suitable soldering alloy system needs to be selected. As it was discussed in the meeting, the Gold-Indium alloys may not be the ideal one. Henry Frisch mentioned the possibility to share technical information developed in other research center concerning the application of this Au-In alloy. 
Considering the Au-In alloy, the intermetallic compound AuIn2 may not be helpful to have a stable bonding as a function of time. Here it is when the stability of a sealing may be affected by time. The following two figures, from a 1979 research work, show that the AuIn2 intermetallic compound may be subject of some rate growth and that the AuIn2 layer may have some motion at room temperature, which in turn might affect the bond strength. It is necessary to have updated information on the AuIn2 characteristics to verify this research data reported 31 years ago.


2.2) Indium seal; if a new joint design is decided; perhaps the use of Indium Seal is a good option. The high vacuum inside the Photodetector at the moment of the sealing might keep the Indium Seal at compression, which is the ideal situation for this sealing technique that is used at ultrahigh vacuum conditions.

2.3) Adhesive bonding; in our low vacuum system for brazing and soldering tests we use adhesives to join ceramic and metallic components as in other research centers. The attached paper “Investigating Different Methods of Bonding Glass Substrates” has a summary of some sealing tests with different adhesives and other techniques.

An interesting point regarding adhesive bonding is the fact that adhesives are used in Pulling Tests to measure the bonding strength of glass bonding, as reported in the attached papers “Ceramics Bonding Using Solder Glass Frit” and “Characterization of Kovar-Pyrex anodically bonded samples.” This adhesive bonding technique could be considered along with a new joint design. 
3) High temperature bonding;

3.1) Solder glass frit; this bonding process is in progress. Dean Walters indicated the other day that a bonding test was even possible including the silver paste layer. It may need more tests to establish the optimum bonding parameters. The paper “Ceramics Bonding Using Solder Glass Frit” indicates a specific process for different materials.

3.2) Anodic bonding-soldering; According to the technical literature, as the attached “Field-assisted diffusion bonding and bond characterization of glass to aluminum”, this process needs to be studied and perhaps tested to ensure its feasibility. The figure shown below corresponds to this paper and is very helpful to visualize the bonding mechanisms when the bottom glass covered with a silver paste layer is bonded by this technique to the side-wall glass. The concern at this point is related to the effect generated by the changes at the glass surfaces by the applied voltage. These surface changes might affect the integrity of the adhesion between the bottom glass and the silver paste layer, because of the migration of alkali elements (sodium in this case) to one of the surfaces while the opposite surface becomes relatively reach in oxygen, the surface glass that is coated with the silver layer. 


Let’s remember that the B-270 glass (soda-lime glass) is the one with more alkali metals (Sodium and Potassium) in its chemical composition than the B-33 glass (borosilicate type glass). Perhaps it is necessary to evaluate if this difference in chemical composition may influence on the bonding process and bond strength when the Anodic bonding-soldering technique is used. 
A paper already mentioned above, “Characterization of Kovar-Pyrex anodically bonded samples,” might help to develop a technique to bond Kovar-to-glass. In other bonding systems, such as glass-to-glass bonding, it was reported the use of an intermediate layer of silicon.  

These considerations can be modified based on better information about the possibility of changes in the joint design of the Photodetector, availability of more specific technical information and experience from other research centers.
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