Response to Review to 
Single Tile Processing System

1. Risks and mitigations associated with producing a tube with a good photocathode:

Risk 1:  There is a risk of not being able to maintain ultra-high vacuum given the plan for production of an 8-inch square device each week, and utilizing three points of entry to insert components into the chamber. 

Mitigation 1:  Consider using one of the four integrated chambers as a load lock and moving one component at a time into the desired location using the transfer mechanism. This could work if the oxygen plasma/alkali evaporation processes could be consolidated into one chamber.
Response to Risk 1: Using a single entry point for the system will be a goal if the issue of handling the indium gasket can be worked out.  Both the top window and lower tile can be loaded through the load lock and that is the preferred manner of handling these parts.  
Risk 1 mentions a production rate of one device per week, this is not the case for this system as it was not listed as one of the system requirements.  It is a future goal to produce a tile a week but in the beginning the goal is to produce a functioning sealed tile.

Risk 2:  The expected base pressure of the system is 10-9 torr, which is one to two orders of magnitude higher than can be achieved with an all metal sealed UHV chamber that is baked at high temperatures (> 300 C). Although the design provides for high temperature baking of tube parts by internal heaters, water will re-adsorb on the parts at a faster rate and the deleterious effects of the additional water vapor at 10-9 torr on photocathode QE and tube life is unknown at this point. The use of an internal heater for uniform heating of the entire glass enclosure in the photocathode chamber may prove difficult and expensive. The use of elastomer gaskets on the gate valves and door seals and the transferred indium seal gasket limits the bake-out temperature and ultimate pressure. 

Mitigation 2:  It is recommended to explore the use of metal gaskets for the door seals. After parts are loaded, the tube process schedule should include an external bake out of > 100C for multiple days to decrease the base pressure. 
Response to Risk 2: The examiners point out that the base pressure goal of 10-9 torr is 2 orders of magnitude higher than an all metal system that is baked to high temperatures.   While it can be agreed that is possible it is also true that that are many systems that have a limited number of elastomer o-rings that reach the same pressure.
1. Metal Gaskets Seals for the door seals.
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The designers will explore the practicality of using copper sealed rectangular Conflat flanges rather than elastomer seals on the load lock doors.

Risk 3:  Materials compatibility 
Mitigation 3: Consider materials compatibility testing by developing a tube with a molten indium seal that could be processed and sealed by Space Sciences.   Continue testing and verify elastomers and materials compatibility with photocathodes.  Continue R&D and testing to address materials compatibility.
 Response to Risk 3: This is being pursued at this point in time, December 2012.
Risk 4:   The ability to measure the photocathode QE in situ was discussed during the review, but no consensus on how this would be implemented was reached.  

Mitigation 4:  Recommend to incorporate a QE and uniformity measurement feature for efficient development and optimization of the photocathode process as it would eliminate the need and cost of sealing tubes for ex situ measurements. Furthermore, this would make the system more attractive as a user facility as new photocathode materials and processes could be rapidly developed. 
Response to Risk 4:  Components in the system are being designed to allow the largest open area possible to allow optical measurements to occur over the face of the photocathode.

Risk 5:  The base pressure may be too high resulting in poor photocathode and lifetime.  

Mitigation 5:  The mitigation for this is higher temperature bake out.   Alternatively, perhaps adding getter pumping (TSP or NEG) would help.
  Response to Risk 5: This system will use more than category of pumping in order to get to UHV pressures and to maintain those pressures.  Both ion and turbo pumps have been employed in UHV systems and these proven technologies will be used on this system.

Risk 6:  Pressure burst from gate value gasket between evaporation  of antimony and transfer to next chamber.
Mitigation 6:  A mitigation metal gate value or  antimony evaporation in cathode chamber should fix this.
Response to risk 6: It is well within the design to place the antimony evaporator behind a gate valve.   Due to the small size of this an all metal valve can be used at this location.
There had been a question of burping of valves and below is the response from the regional VAT representative on this question.
Email of December 14, 2011 between Hans Luedi [Midwest Vacuum] and Dean Walters
But really what I want to know is: is the o-ring groove in the series 11 the same as the 10.8?  I thought it was shown by VAT that the burp comes from trapped air in the edges of the double dovetail groove that grips the o-ring.  I though the vulcanized o-ring eliminates that problem.

     Yes, it is the same "vented" o-ring groove. VAT showed, that "not vented" o-ring grooves will "burb". Not everybody has vented o-ring grooves, VAT does. The o-rings get installed in the S. 11 with a slight lubrication (Fomblin) to ease the installation. In S. 10.8 O-ring groove they use Isopropanol or something like it to install the o-ring, which still can leave a little Hydrocarbon until degassed. The vulcanized O-ring was developed due a problem I had in 1983 with then Perkin Elmer in Minnesota, as they saw a tiny amount of Hydrocarbon in their high sensitive surface equipments and finally traced it to our valves and asked us what this was. It was Fomblin "shining" of the o-rings, so to speak, like for the S. 11 today. They requested we remove this and after an initial use of IP, they came out with the Vulcanization process, which was the most successful product introduction ever. The drawback is, you cannot just replace an o-ring. It was decided, it was not economically prudent to do this for DN 250 and up, as these applications rarely go to the UHV vacuum levels.

In the past I did not think it was a problem.  The gates valves that I worked were used in MBE equipment and I never heard of that problem when I was the valve engineer and a system engineer in MBE (5 year period).

    Veeco who bought Varian MBE uses only VAT gate valves, period, all-metal and S. 10.8. I replaced a lot of gate valves on Varian MBE systems around, partially due age and also due reliability, then again MBE gate valves don't seem to get too high cycle counts. 

    The only issue I ever encountered was at Stoughton many years ago at the mid 10E-11 Torr range during actuation, and this was a Series 48 [All metal] gate valve and we traced it to bellows flexing energy. I would venture to say it to be not noticeable on Viton gate valves (VAT) in the vacuum levels you indicate, if the systems are vented to nitrogen (moisture in room air might cause a problem), as the vented groove should prevent exactly this and I never heard from anybody, like Veeco, of any such "burps".


2.  Risks and Mitigations associated with producing a good seal:

Risk 1:  There is a risk associated with the Indium seal  in how the fixture will be designed and in any outgassing of the indium itself.   
Mitigation 1   This should be investigated sooner rather than later.   Find out if there is a significant outgassing on indium in use;  also develop a scaled down version of the mechanism that will be used for placing the indium before moving to the full scale version.  Define the details of transfer of indium to the tube.
Response to Risk 1:  Equipment is being set up at ANL to measure the extent of this proposed issue.  Indium is being employed as adhesive to hold GaAs wafers to backing plates in a number of UHV epitaxial growth processes.  As seen in the literature the vapor pressure of indium in both solid and liquid form is miniscule. 
Risk 2:   Engineering challenges and possible process issues related to indium gasket with a thermocompression  sealing design.   
Mitigation 2  As opposed to a molten seal, maintaining the ideal cross sectional shape with a solid gasket should improve the seal yield and the use of a cool sealing temperature means that the photocathode will be in a thermodynamically stable state and may improve photocathode quantum efficiency. As pointed out in the review, because indium is a highly malleable and sticky material, the custom manipulator that will hold and precisely place the gasket may require considerable design engineering time and cost that should be allowed for in the budget. Also, the gasket may outgas under compression; verification experiments are recommended and the acquisition of vacuum outgassed material should be considered. In parallel, explore the use of indium or indium alloy melted into a groove with a compression or molten seal process.
Response to Risk 2:  Measurement equipment is being set up at ANL to measure the proposed outgassing of indium under compression.  Since October 2012 the design of a groove for the indium to reside in is being explored.
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3.  Risks and Mitigations associated with the Schedule, Budget, and Management:

Risk 1:  Who is the identified leader of the facility?

Mitigation 1:  It is critical to the success of this effort that someone at Argonne is the scientific/management lead of this effort.  Dean is doing the engineering work on the vacuum system, but he made it clear that he was building a system that would allow someone else to design the detailed internals for each station.  There should be a single person who has ownership of the system scientifically.  That person should have experience making sealed tube devices and be responsible for the design of the critical internal parts for each station to make sure the entire system worked together consistently to produce the desired final product.  There are a lot of devils in the details and a experienced person dedicated to this system would eliminate a lot of time lost to pitfalls.  Without such a person, the task could be done, but the time required to climb the various learning curves and complete the system will be significantly longer than the time line presented at the review.
Response to Risk 1: In 2013 the LAPPD project will set up a search committee to determine a list of qualified candidates.  The LAPPD project recognizes this need and that long term success will depend upon having an experience person in a leadership position.
Risk 2:  Budget and schedule;  
Mitigation 2:    Anything that can be done to prove out on a small scale before moving to large scale should be done.  In particular,  it is recommended that a complete photodetector with all components living together in a system is extremely important.  Producing a small scale system and measuring the lifetime of the photodetector sooner rather than later in the program as it is not MCP that limits the lifetime, but the photocathode.    
Response to Risk 2: A small UHV system has been located at ANL and it is in the process of being repurposed for this application.  This system is capable of making 3 inch photodetectors.
Risk 3:  Budget and schedule – What is the effect on the budget and schedule if the single tile facility design addresses the risks outlined in this report.  
Mitigation 3:   Revise budget and schedule of single tile facility design to take into account the risks outlined in this report.    
Response to Risk 3: A resource loaded schedule has been constructed by the ANL leadership of LAPPD to incorporate the risks outline in this report into it.  

4.  Risks and Mitigations associated with Adaptability to changes in the design of the system should modifications prove necessary.   
 
Risk 1:  Translator Reliability

Mitigation 1: Recommend some sort of capture option for translator; this might make electrical connections easier as well.
Response to Risk 1: In collaboration with a specialist in the field an improved translator spatula design will be employed using technology that has been proven in the area of lithography mask transport.

Risk 2:  Fractures of tube on vent due to poor bond line thickness  indium; 
Mitigation 2:  This appears to be a tooling issue.   Test to see if you are getting consistent  thicknesses with  a known gasket 
Response to Risk 2: Measurements of the gasket has taken place at ANL.  Thickness is highly dependent on the compression load applied to seal the gasket.

Risk 3:  Reliability of electrical connections 
Mitigation 3:  Adding electrical contacts  to internals of tube prior to sealing and then  disconnect  of electrical contacts before moving to next chamber; propose look into this design.
Response to Risk 3:  It is planned to incorporate this concept into the system design.

Risk 4:  Final operations:   
Mitigation 4:  There are multiple recommendations which have an impact on the final design and operations.   
· Review the design of placement and enough viewports and spare ports in general to avoid redesigning which will delay the schedule.  
· Make sure support structure assembly and disassembly is sufficiently flexible.
· Include Port aligners on all translators
· QE mapping  with a more flexible optical source  

Response to Risk 4:  The designers will be incorporating these concepts into the design as much as possible.  All of these will help insure that system will be easy to use, reproducible, and easy to service. 

Risk 5:   Complexity and Modularity of the system

Mitigation 5:  The concept of a modular single tile system has definite advantages. The single tile system has the proper scope to verify process steps prior to moving to a large scale production system. However, the need to transfer the tube body adds engineering complexity. The modularity of the system should reduce risk in terms of rework cost and process development. In the event that a single chamber has to be redesigned, it can be replaced at low cost and work on other process steps can continue. The system appears to have good flexibility for build up to a user facility. Some cathode materials, such as Cs: GaAs, may require a significant rework of the vacuum system, as 0.01 nTorr vacuum may be required.  Care should be taken that XHV practices are followed to the extent feasible, to make such a transition more reasonable should it be required.
Response to Risk 5: It is intended to design a 10-11 torr system to mitigate the need to redesign.  By using proven UHV technology it will insure that this system has the extendibility into the low range of UHV. 

[bookmark: _GoBack]Conclusion:

The design of a “Single Tile Facility” capable of  producing glass capillary microchannel plate (MCP) photodetectors in an all-glass package one detector at a time with a baseline of 8” active area was reviewed.   Overall, the design was sound with no showstoppers.   However, the committee did find several areas with higher risks for producing a facility on schedule and with the resources presented.  These  risks and possible mitigations of these risks were presented in this report.   The committee recommends the collaboration revise the design and schedule by addressing theses possible risks.
image2.png
File Edit View History Bookmarks Tools Help

7 ||

@B C % & (© mummsecseconsaencmae pumamsoma
) Witps//paniu.edu/ps... 5 MostViited @ Getting Strted

Latest Headiines € FitDay & ANL WV Wikipedia MU Login To MyNIU [E] Linkedin & Toumaments & Dictionary & Weather Main WGN ] LCLS B3 FERMI/ HomePage | | Picosecond Timing P

@ ScienceDirect.com - Vacuum - AE... x | = |

(R rrer——

SciVerse Hub

ScienceDirect

ScienceDirect  Scopus  Applications.

B Exportcitation  [E] Order Document More options...w

“This document does not have an outline.

Vacuum m

Volume 40, Issues 1-2, 1990, Pages 7779

SEIVE sekckaprocsadngsatine igeseavsanHungarenrounuontvecun [
Contrence

AES studies of surface phenomena on liquid indium solder
M Jenko, B Erjavec, B Pracek

Instiut 28 elekdronko in vakuumsko tehniko, Tesiova 30, 61000 Libiar, Yugosiavia

vadatie onine 11 October 2002.

i doi org/10.1016/0042-207X(90)90124-H, Howto Cite or Link Using DOI Cited by in Scopus (6)
© Pemissions & Reprints

text

Abstract

Fluxless vacuum soldering is widely used in optoelectronics for hermetic encapsulation in the production of
second and third generation image-intensifier tubes. Exiremely clean surfaces are indispensable for
obtaining good wetting with liquid solder in this sophisticated sealing technique. A new sensitive
investigation method based on Auger Electron Spectroscopy for studies of surface phenomena on liquid
indium solder has been developed. An Auger Spectrometer is adapted to study the following phenomena:

8#x02022;
~surface oxidation of crystalline and liquid indium in the temperature range from 2968 K 10 523 K in a
vacuum at constant oxygen pressure of 5105 mbar with oxygen time exposure up to 100 min;

8x02022;

-isothermal dissociation of Inz03 thin film on liquid indium surface described by reaction: /n20(cy+4
(1) =31n20(g) at the temperatures of 633 K, 675 K, 750 K and 820 K in a vacuum below 1x10-9 mbar.

The equation for Inz0 vapour pressure calculation log p{/n20) = (~12536/7)+12.75 was obtained from
thermodynamic functions for bulk materials and from equilibrium of the afore-Cited reaction.

‘Copyright 1990 Publshed by Elsevier Ltd.
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Design of a modular and versatile interlock system for ultrahigh vacuum
machines: A crossed molecular beam setup as a case study
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