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Gantry Assembly Procedures
Section 1: Preparing for assembly

1.1 System startup

Make sure all components of operation are turned on:

· The gantry vacuum (UPS located next to OGP).

· The curing vacuums.

· The DR500 and I/O box (Connected to a single UPS located on gantry rack next to PC).

· All components of the PR system; light, line generator, and monitor.

1.2 Getting components ready


You will need 3 frames, 6 wafers and 3 hybrids for every plate. Make sure you know what kind of modules you will be building, whether they are TOB or TEC and which variety so you can get the proper components. The Summary of Module Components and Proposal for Module names and codes charts have information on what sensors and hybrids go with each types of module. The gantry cabinet will have all the components for a weeks build already grouped together. Also in the cabinet should be a weekly build plan documenting what types and how many modules will be built in a given week. 

1. Pick the assembly plate that you will be using making sure it is the right type for the modules you will be building. Make sure the plate is clean, wiping it with alcohol. And that there is a clean piece of electrical tape for the glue test. Once the assembly plate is clean you are ready for frames. Mount the frames onto the assembly plate, making sure that they are pushed all the way down on the pins and for TOB frames make sure that the clips are not deformed. For TEC frames check the area around the mounting holes for hairline cracks, if any are found set the frame aside and use a new frame.

· Tighten clamps. When tightening clamps make sure the screws are being tightened into their dents, tighten the clamps once loosen them a bit and re-tighten, making sure not to tighten them too tightly this could damage the frame.

· For TOB modules place a small colored dot on the barcode corresponding to the color of the sensors that will be used for that module. Blue for DV < 200 green for DV > 200.

· For TOB modules lightly sand the HV pad of the frame, to do this use the sanding tool and lightly go over the pad twice. You do not need to press hard; it does not take much to lightly rough up the surface for the silver epoxy.

· Clean areas of frames to be glued with alcohol.

· For TOB frames check the conductivity of the high voltage wire by clipping one lead of a multi-meter to the HV wire and touching the other lead to a bias pad, the resistance should be around 11.3 KOhms. Check both sensor pads and both bias pads.

· Put the 1D barcode that goes with each frame on the clip for that module so you can easily keep track of module numbers. 
· If you are making TEC modules check that the ceramic stiffener is not cracked or broken and that both ears are glued down. Also place the stiffener that will be glued between the sensors, it goes in the groove on the Teflon sensor pad. Make sure that it is centered and seated properly in the groove. 
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TEC frame mounted on assembly plate with ceramic stiffener.

2. Get wafers from cabinet. They should already be sorted by depletion voltages use sensors from the same DV range for all modules if possible. 

3. Place the sensors using the vacuum wafer pickup tool. Make sure that side of the sensor with the double line is positioned closet to the side of the supply plate with the notches cut out for positioning on the gantry; this should not be an issue with TEC sensors as they will only fit on the supply plate one way.  Make sure for the TOB that the supply plate is in the right orientation when placing the sensors on it. The side with the notches cut out is the top of the supply plate.

· When placing the sensors making sure you are placing them in their intended positions. Place one at a time and after the sensor is placed, write on the cover what position and where that sensor was placed, i.e. position 1, near. This is very important to keep track of this so the info is properly entered into the database. 

4. Get hybrids from cabinets. Check to make sure that they are the correct type also check the wirebonds, ceramic and connector for any damage, if there is any damage set that hybrid aside and use a new one. Label what position you would like each to go in so you can keep track for database entry.

1.3 Database entry

Now that you have all the components you need to register them in Big Browser. 

1. Open Big Browser and select the production database. Ask Dean for the password.

2.  Once in the production database go to “WorkStations” and select “Registration”. 
· Select object as MOD, select type, location should be set at Santa Barbara, change it if its not. Type 1 modules are ones that use HPK sensors, type 2 use ST sensors. If you are building a modules out of bad parts be sure to mark the module as faulty when you are registering it. Scan the module barcode, and press enter. You can scan another barcode for another module at this point. When all the modules you wish to register have been entered, click on the update button.
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After the modules have been registered they need to be “virtually assembled”. 

3.
 In the production database go to WorkStations and select Assembly. Once in Assembly click  Add Card. For your new card you must add the module components, to do this click Add/Remove Component three times. Scan the module or “parent” barcode. In the subjects list, scan the hybrid barcode, the near sensor barcode and the far sensor barcode. The position for the hybrid is 1, the near sensor is 2, and the far sensor is 3. Once all the components have been added click the update button. Do this for each module you will be assembling.
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With everything entered into the database you can place the assembly plate onto the gantry. When you do make sure it is pushed back all the way against the locating pins. Put the hybrids in the respective positions pushing against their three locating pins. Place the hybrid pick up tool on the hybrid making sure the suction cups are where they should be. For TOB they should be on the ceramic plate, for TEC ring 6 they should be on the hybrid not touching any of the components or the wire bonds, for ring 5 and ring 5 stereo one cup will be on the hybrid and the other will be on the pitch adapter. All the suction cups should be glued down by they are still able to move a little so care should be taken while placing the hybrid tools. Now is also the time to connect the curing vacuum hose. Remove one of the curing vacuum hoses from the curing cabinet and attach it to the curing vacuum value on the assembly plate tightening it until it is just hand tight. Now you are ready to prepare the adhesives.

1.4 Adhesive Preparation

Araldite 2011 –For use on TEC hybrids

1. Mark syringe Use guide on glue mixing table to mark the height of the glue. Place the threaded end of a 5cc syringe, without a tip added, on one line and use the other line to mark the syringe. This line is how far to fill the syringe with glue.

2. Fit syringe with green tip.
3. Prepare glue. Put a new static mixing nozzle on the araldite 2011 and squeeze out a small amount into trash before filling syringe. 
4. Fill syringe. Fill syringe to the line you marked add piston push until it touches the glue and a small amount squeezes out.

5. Put the syringe onto the dispensing tool. Make sure to push the syringe up as far as it will go and turn it right to lock it into place. 

6. Check the tip length with the tool. There should be a gap between the tip of the syringe and the table, if there is not thread the tip into the syringe some more, this may require using small pliers, if this is the case, take care not to squeeze too tightly or you may crack the tip. If this happens replace the tip and try again.

7. Place the glue on the tool rack in position 2. Be sure that the tool is sitting properly on the 3 pins.  See picture below
RTV 12 - For use on TOB hybrids
1. Measure 10 grams of base on the scale. The easiest way to do this is to first pour a small amount of base into an aluminum cup, then pour from this cup into another aluminum cup on the zeroed scale. 

2. Add micro bubbles. Re-zero the scale and wearing a mask use a mixer to get a small amount of micro bubbles, slowly add these to the base until you have added 0.1 grams. 

3. Add hardener. Re-zero the scale and use a dropper to add 0.5 grams of hardener to the mixture. Mix well, the mixture should be milky white and uniform in appearance. 

4. Evacuate the air bubbles. Close the purge valve and then slowly open the vacuum valve. The mixture should bubble up quickly at first then more slowly. Let the glue sit in the evacuation chamber for a few minutes until air bubbles cease. 

5. Mark syringe Use guide on glue mixing table to mark the height of the glue as above This line is how far to fill the syringe with glue for each run.

6. Fill syringe. Close the vacuum valve and slowly open the purge valve. Pour the glue into syringe fitted with a purple tip. Fill the syringe to the line you marked. Add the piston and push the piston down until it just touches the top of the glue and a small amount of glue squeezes out. 

7. Put the syringe onto the dispensing tool. Make sure to push the syringe up as far as it will go and turn it right to lock it into place. 

8. Check the tip length with the tool. 
9. Place the glue on the tool rack in position 2. Be sure that the tool is sitting properly on the 3 pins. 
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Syringe tool seated properly on the tool rack.

Dow Corning 3140 - For use on all sensors

1. Mark syringe Use guide on glue mixing table to mark the height of the glue as above. This line is how far to fill up the glue for a day’s worth of modules.
2. Fill syringe. Fit the syringe with a green tip and fill it up to the line you have made with DC 3140, place piston in syringe and push it down until it touches the glue and a small amount of glue pushes through the tip. 

3. Put the syringe on the dispensing tool. Push it as far as it will go on and turn it right to lock it into place. 

4. Check the tip length with the tip-checking tool. Use the tip-checking tool as above and place the syringe on the tool rack in position 1, making sure it rests properly on the 3 pins, see picture above.

Silver epoxy –For use on all modules
Use a new package of silver epoxy for each plate of modules. 

1. Remove epoxy from package and take of clip keeping the two components separate. 

2.  Mix. Use the mixing tool to mix the epoxy, about 100 strokes. 

3. Dispense epoxy onto glass slide. Use a razor to cut one small opening in the package and put a small amount of epoxy onto a glass slide. It does not take much epoxy so you do not need to worry about getting most of the epoxy out. 

4. Add to bias pad. Using the curved scraping tool put a small amount of epoxy on the bias pads of the frames. On TEC frames you should use two small dots for each pad, only one is needed for each pad in TOB. 
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Proper amount of silver epoxy dispensed on TOB frame
You do not need to put a lot of glue but you should make sure there is enough so that it makes good contact with the back plane of the sensor. If the dots look like small Hershey’s kisses you probably have about the right about of silver epoxy. With all the components on the gantry and the glues all mixed you are now ready to start assembly. 

Section 2: Running the Gantry Assembly Programs

Note: There are two different sensor pickup tools, one for TEC R7 modules and one for all the other modules, as of this writing it is necessary to change out the sensor pickup tool before building ring 7 modules.

2.1 TEC_MAIN and TOB_MAIN 
· Open and begin the pattern recognition software via the “Shortcut to patrec_prod” icon on the gantry computer desktop.
· Select “pat rec for gantry main.vi” as the file to opened when prompted

· Hit the arrow in the upper left corner to begin the program
· Set the program to run remotely by selecting the box under “remote”
· Open the MMI Unidex600MMI icon

· Load the correct assembly program to run (either TEC_MAIN or TOB_MAIN)

· Click on <File Menu> located on the bottom of the screen or press F4

· The name of the program is located at the bottom of the screen.  If you want the another program you must select <open> or press F8

· Select the correct program from the menu and click ok

· Click on <Run Menu> or press F5

· The buttons of the right hand side of the screen will change to the Run Menu, click on Compile or F7, when the program finished compiling (messages are posted in the bottom window) click on Download or F8, when it is finished downloading, click Run or F9. 
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· Click Cycle Start or press F2 to start running the program.

Before doing this, you should go down the abbreviated checklist on the gantry console to make sure you have everything ready to start production. If at anytime during the running of the program you want to pause the program click on Feedhold or press F3, this will pause the program without interrupting anything. Click release or F3 to continue running the program.  Likewise, if absolutely necessary you can click Abort or press F4 to abort from the program.  This option is usually used as a last resort.

Once the main program is running a number of prompts will pop up on the screen.  Below we have included descriptions of the prompts and their answers.

· Reset valves? Y/N?

Generally yes, however if you are in recovery mode and/or there are already components on the assembly plate answer no here, otherwise the vacuum holding the components down will be released.

· Start Module Production? Please put the platform on the gantry including components

Yes to start production.

No will end production.

· Select the Sensor Manufacturer

Options:


ST  


HPK 

· Select Assembly Procedure

Standard - this is the option usually used. With this option you will not be asked whether or not to perform each action; module production will proceed with little operator intervention.


Step by Step - use this option when you want to skip certain steps in production.  This is often the case when performing dry runs. Regular module assembly can be performed with this option, but requires more operator intervention. 


Recovery - use this option when a previous run was aborted. This will allow you to start the assembly in the middle of the program, skipping steps already performed. Recovery mode is discussed in more detail at the end of this section.

· Select module type

If you are running TOB_MAIN you will be given the following options:

SS R-PHI (RHS) - Single-Sided R-Phi frames, the thermister pads are on the right hand side.


DS R-PHI (LHS) - Double-Sided R-Phi frames, the thermister pads are on the left hand side of the frame.


DS-STEREO - TOB stereo frames.

If you are, however, running TEC_MAIN you will be given these options:


TEC Ring 6 


TEC Ring 5 R-Phi


TEC Ring 5 Stereo


TEC Ring 7

· Index of assembly platform

The number of the assembly plate, this is clearly labeled on all the assembly plates below the center hybrid pick up tool.

· Number of modules

Integer value 1-3, the number of modules you are going to assemble. Be sure that siliindex.dat is set to the same number you enter here (really only an issue if you are building less than 3 or have recently).  Siliindex.dat is located in the workspace folder, note that this is only an issue if you are  building less than 3 modules not starting in position 1 (for example, if you are building only in positions 2 and 3).

· Use database? Y/N? 

Answer yes to this question to use the database to access the information previously registered and to output reports to the database after assembly is completed.

· Insert barcode

Scan the barcode for the module in position 1 and click ok, or press enter. Repeat for modules in positions 2 and 3.

· Insert name

Just enter the operator’s name.

· Temperature

The default is 23°C, change as necessary. There is a temperature and humidity gauge on top of the curing cabinet.

· Humidity

60% RH is the default, make any necessary changes.

At this point if you are in Standard Production Mode you will not get any more prompts until the glue tests are performed. Regardless, you should still pay close attention because you can almost be guaranteed that something will go wrong when you are not.

If you are in step be step mode you will receive the following additional prompts:

· Switch on valves for module construction? Y/N?

Answer yes to this to switch on the valves, this sucks down all the assembly components, including sucking down the plate and engaging the plate clamps.  

· Check stiffeners are in their grove (TEC only)

Make sure the stiffeners are properly centered and seated in their groove, if you run you finger (wearing gloves) over the stiffener onto the Teflon you it should feel flat, the ceramic should not stick up at all. Also at this time check that the system vacuum is still good.
· Use pattern recognition? Y/N?

Answer yes to this question. You will need to use the pattern recognition to measure the fiducials on the assembly plate and the assembly components. If you select no, or choose not to use pattern recognition, you can still measure the fiducials by hand, but you will not measure them as accurately as the software would have. 

· Measure assembly plate position? Y/N?

Selecting yes uses the pattern recognition to measure the fiducials on the assembly plate. To measure the fiducial position, first use the joystick to focus. Once the fiducial is in focus, press the button on top of the joystick. Next, use the joystick to align the cross hairs on the screen in the center of the fiducial. It is not imperative that it is perfect, that’s what the pattern recognition is for. Repeat these steps for the other assembly plate fiducial, and for all other fiducials measured with pattern recognition.

Otherwise, choosing no uses nominal values for the plate position. This decreases module assembly precision because plate positions vary from run to run.

· Read position of reference marks on sensors? Y/N?

Select yes to read the fiducials on the sensors. This is necessary to get an accurate measurement of the positions of the sensors so they can be placed as precisely as possible. Follow the same procedures as above to measure the fiducials.  Again, choosing no decreases module assembly precision because component positions vary from run to run, but in this case you can also choose to use values from a file.  

We should also mention that occasionally after measuring both fiducials of a sensor or hybrid that the gantry will respond that the distance between the two fiducials is either too large or too small.  When asked what to do, re-measure them looking at the outputted photo from the pattern recognition software.  If it looks like the pattern recognition is doing a good job and you still get the error, just continue on.  We have not had any problems with skipping this problem in this manner.

· Read position of reference marks of hybrids? Y/N?

Yes to read the fiducials on the hybrids, for the same reasons as above.

· Bias glue? Y/N?

Answer no to this question. We now put the bias glue on the frames by hand prior to running. See the previous section for these gluing procedures.

· Si glue? Y/N?

Yes to dispense the DC3140 glue used to secure the sensors. The gantry will first dispense a test strip of glue, if the test strip looks good answer yes when prompted. If the test strip does not look good, select no and the gantry will dispense a second test strip. If there is still a problem, you should figure out the cause.  If needed, you can set down the syringe when you are asked to respond to a bad test. This is a helpful option because you can correct a problem with the syringe without interfering with the assembly program.

Also take notice of any thermisters that are tilted up. Each thermister will receive either one or two dabs of glue, and if they are too high the syringe will miss them when it is lowering to dispense. The quick solution to this issue is to hold down any that are high while the syringe is lowering and dispensing. The longer solution to this is to manually clean the glue off of the Teflon after the glue misses the thermister and to manually dispense a dab of glue from the extra mixed onto the thermister.

· Move sensors? Y/N?

Yes to move the sensors. While the sensors are being moved watch the vacuum pressure gauge on the gantry console. If something is obstructing the sensor from making a good vacuum you will see it here with a sudden decrease in pressure.

No will skip moving the sensors and go to the next step.

· Hybrid glue? Y/N?

Yes to dispense the RTV12 glue for the hybrids. There will again be a glue test. 

No will skip to the next step.

· Move hybrids? Y/N?

Yes to move the hybrids. This is the step that historically has had the most problems. Make sure to watch carefully and be prepared to pause the program if something looks like it might be out of place. 

No will skip to the next step.

· Check marker positions? Y/N?

Answer yes to check the modules fiducials. You will be given 3 options if you answer yes:

Hybrids and sensors (This is the default)


Sensors only

Hybrids only

       If you assembled modules with both sensors and hybrids then you will most likely want to measure all the fiducials. There shouldn’t be any reason to measure only the sensors or only the hybrids unless you are doing dry runs with only one or the other.
No will skip to the next step.

Both Step-By-Step and Standard assembly modes give the following prompts:

· Move assembly plate for glue curing? Y/N?

Yes to cure the assembled modules in the cabinet. Note that you should have the curing vacuum hose already attached. This should have been done prior to the start of assembly. If it wasn’t, carefully connect it now.

Select No to leave the plate on the gantry while curing.

If you selected yes to last question, it will ask you to connect the external vacuum source (the curing vacuum hose) and then click ok to reset the valves. Make sure you turn on the curing vacuum valve for that hose; it is located next to the curing cabinet. Clicking ok will then release the plate so you can move it to the curing cabinet.

After assembly is completed there will be a few screen flashes as the program calculates positions and writes to files. You will know when it finished because the gantry will return to its home position. At this point you can escape back to the MMI homepage by pressing esc or clicking on the <Home Page> button.

2.2 Recovery Mode 

More often that you would hope, something goes wrong during assembly and you are forced to stop the program before the modules are fully assembled.  Recovery Mode is the gantry assembly procedure that allows you to finish assembling the modules where you left off.  An important thing to note about Recovery Mode is that regardless of which other assembly procedure you previously were using (Step-by-Step or Standard Assembly), after you give recovery mode an assembly step at which to start it defaults to Standard Assembly (i.e., does not prompt you for any future steps).

You must first abort the failed assembly run to begin recovery mode.  After aborting, escape back to the home page of the MMI and then click run again to start the program as you normally would. When you are asked if you want to reset the valves, answer no. This is very important; selecting yes will release the vacuum holding down all module components already placed.

When prompted to select the assembly procedure choose recovery mode. The next window will ask if the information is correct. Check to make sure, but this information was saved from the previous run in a file named assembly.log and is generally correct.  If it is not, you are given the option to re-enter it. After verifying the information, you will be prompted to scan the barcodes of the modules to be recovered.

You will next be asked to select the specific assembly step to begin at:

Select assembly procedure


Switch on valve for components


Find assembly plate markers


Measure pin positions (OBSOLETE!)


Find sensor markers


Find hybrid markers


Dispense glue for bias voltage


Dispense glue for sensors


Move sensors


Dispense glue for hybrids


Move hybrids


Final survey

Choose whichever step you left off on. After selecting the step, you will be asked which of the three module positions you want to start at. If you have to move something, you will next be asked if you want to measure the fiducials again.  This is a good idea if you have moved any components in correcting the assembly problem. If you haven’t moved anything you are generally safe choosing to use the values stored in a file (again assembly.log).

Note that if you are moving sensors, you should be careful in your choice of which wafer to start at.  Remember to look at the number on the supply plate of the specific wafer you wish to move. For example, if you need to move all the sensors you should start at wafer 3 because that is the near sensor of the first module. If you start at sensor 0 you will be placing the far sensor of the first module and production will proceed from there, skipping the near sensor.

Additionally, when re-placing sensors on TEC modules keep in mind that you may need to remove both sensors regardless of whether the assembling problem was with both of them.  In order to clean the TEC stiffener of partially cured glue (partially cured glue may obstruct the sensor from being placed far enough down to hold vacuum) you will need to remove both sensors.  Do not attempt to clean half of the stiffener with a sensor present; you will probably cover the bond pads of that sensor with glue residue!

Once the sensors have been replaced on the supply plate they need to be manually re-vacuumed chucked down in the supply position. This can be done in the virtual I/O, the proper valve can be found by consulting the chart at the end of this document.

At the time of this paper, there is a small bug in the Recovery Mode software that you should be made aware of. If you are only moving module 3’s sensors and you elect to re-measure the fiducials, the gantry will not correctly measure the far sensor’s fiducials (instead it will uselessly measure the fiducials of position 1’s far sensor). It will, however, measure the near sensor’s fiducials just fine.  Let the gantry go through this procedure, moving and placing the near sensor. After the near sensor has been moved abort the program and begin Recovery Mode again. Recovery Mode will measure the far sensor’s fiducials and place it properly when started there.
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