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Issues / Tests List
Revised by A.Brez (answers in Itlaic-blue)
1. Analyses

It appears that one of the big changes from the EM trays and the flight design is the change of the bias circuit 1.5V plane from a mostly open grid of copper traces to a solid plane of copper.  This must surely change the effective modulus of the bias circuit.  Can we quantify this in any meaningful way?  This change was made to reduce formation of bubbles.  Are there any analyses to assess the impact on CTE mismatch stresses?
Using the formulas developed in the Hytec note HTN-102050-018, 8/3/2000, it is possible to estimate a shear stress in the adhesive well belove the shear strength of the 3M2216 in the –30C+50C range (something around 1Mpa at 50oC when the adhesive has a measured shear strength of 7.1Mpa at 55oC

This is confirmed by the fact that we have no break in the glue, but peel out from the W surface.

2. Design Changes

Need to provide better electrical ground of Tungsten to composite tray.

Suggestion:  Use Eccobond 57C conducting epoxy to tack W tiles to tray after initial 3M2216 bond.  Tack at joint of 4 W tiles.
Not feasible. There are conflicts with the gluing procedure

We suggest to put 0.1mm dry carbon fibers between the W tiles and the tray face sheet
3. Qualification Program

We are still somewhat confused on what qualification testing has been performed on the flight configuration.

Execute a qualification program of the flight design and examine bonds for delamination and strength.  

Issues to consider:

Flight Tracker trays will see at least 12 TVAC cycles.  Qual program should extend beyond temperature range of subsystem test, say -40C to +60C.  Number of cycles should be in excess of the subsystem test, eg. 25 cycles or more.  Examine bonds for delamination and test for strength…. Bias circuit to W, W to tray, Bias circuit to tray.
Pre-EM trays (same tray structure, different kapton, with dummy-silicon ladders on one side) have been exposed to extended temperature range (-40C,+60C) for few cycles.

EM trays (4) have been tested at qual. range (-30C+50C) 4 cycles. 
In this moment we are performing a test of 4 completed trays and 3 trays without payload (with kapton and 3%Xo tungsten tiles and bias circuits over)

The cycles are between –30C+50C, the slope is 40C/hour (as suggested by J.Goodman for our temperature tests) the plateau time is 1.5hours to allow the thermal equilibrium of the trays within their ESD boxes (~45min)

 On Monday the completed trays will accumulate 4(yet done)+16 cycles, the  trays without payload will accumulate 16 cycles. We will inspect and test the trays and if needed we will continue up to 25 cycles.
4. Process

4.1 Tungsten Preparation 

Perform a water break test on tungsten tile samples that have been processed and stored using standard procedures to date.

Compare lap shear strength versus tungsten surface preparation technique.  Include Mil Handbook chemical etch process in comparison.
We have performed peel strength tests on W-Kapton coupons prepared in the same way. We had a relative increase of the peel strength by a factor 1.7 using sand blasted W with ~1m roughness compared with the hand blsted, 0.45m rough tiles. The sand blasted W tiles with 0.5m roughness had a 20% peel strength decrease. The 1m rough tiles showed a more regular shear of the adhesive lfet on both the Kapton and W surfaces. The hand blasted W tiles were left free from the adhesive.
Issues to consider:

Use same materials to prepare the lap shear sample as for flight process? Use the same vac bag as the assembly during cure?

Questions:

1. Have debonds on the other side of W been detected?  Have inspections / tests been performed that would detect that?

On top tray we have observed debond of the W tiles from the face-sheet
2. Is the side of W bonded to the tray treated the same way as the one bonded to the bias circuit?

The W side is treated in a similar way. There is a sand paper preparation of the surface to remove adhesive fill-out
3. What kind of sand paper is used to abrade the W?

Al oxide sand paper. I have to check the grade
The cleaning is done with Methyl-Ethyl-Ketone. My previous new about a toluene solvent was wrong. The cleaning is done with paper. No ultrasonic bath is used.
The gloves material is not lattice (it is solved by acetone and Methyl-Ethyl-Ketone) but nitride (resistant)
4.2 Bias Circuit Preparation

Roughen the kapton insulation prior to bonding.

Bake out bias circuit for about 2 hours prior to bonding.

Rationale:

Moisture in the kapton (as much as 1% by weight) could contribute to bubbles in the bond.

Questions:

4. Has anything changed (adhesive applicators, solvents, gloves, etc) between the qual units and the end-item assy?

NO

5. Are the solvents used for cleaning technical or reagent grade?

4.3 Adhesive Preparation / Curing

Addressing bubble formation:

Out gas the 2216 adhesive before application.  

Rationale:  While additional air may be mixed in during spreading, removing as much air as possible seems important.  Typical process is to use bell jar and roughing pump.  Pump and release several times until bubbles stop forming.

Questions:

6. How was the contact pressure that is applied during adhesive cure developed? Is there any test data to show dependence of bond strength vs. pressure?

When closed in the vacuum bag, the tool works as a mechanical press with 400Kg force between the flat steel plates supporting the 2 kapton foils; the pressure is applied before the end of pot life. We have no data about bonds strength vs pressure. The pressure is limited by the max pressure supported by the Al honeycomb. With a higher pressure we have bowed trays.
7. What is the requirement for bubbles/voids and was the max limit qualified? What is the issue – propagation to delamination or planarity of bias circuit?  Is there any evidence that a bubble will propagate?

There is an empirical limit that not more than 20% area of one SSD should be interested by a bubble + the bubble height must be <0.1mm. In the EM tower there were a lot of bubbles up to these limits and we have never observed damages on the silicon wafers. Again the experience with EM trays is not significative because of the difference of the bias circuits. The first 2 MID trays, flight type, had bubbles on 3 of the 4 sides. The 2 trays were exposed in a vacuum oven at 0.2bar at 50oC for 12 hours and they did 4 –30+50oC cycles in the climatic chamber. After all these tests we did not loose anyone of the 6000 channels and there were no changes in leakage current.  
8. We are considerably concerned about the comment in one NCR (NCR_FM_RM2_006) that there was evidence of incomplete curing of the epoxy.  This is likely a contamination problem.  Did this tray receive the standard flight processing or what modifications or special treatments occurred in its processing?

The used tiles came from the Peen Service lot of sand blasted tiles with the finger print problem.
4.4 Thermal Cycling

Tray thermal vacuum test (without detectors and MCM). (LAT-PS-03349)

Questions:

9. The test procedure (LAT-PS-03349) calls for pumping down and then heating to 85 deg C (now changed to 55C).  Have you ever examined for bubbles after pumping down without applying heat?
The first 3 trays have been examinated after 24 hours of vacuum at RT. No bubbles have been observed. The same trays have been tested at 85oC in vacuum and we had a general debonding

10. What is the rate of temperature rise in the tray?  Is the rate controlled?

In the thermo-vacuum test the rise of temp. is about 1oC/min. The rate is controlled by the power of the heaters. The temperature is monitored in several points
11. It appears that the bare tray is never taken to the qualification cold limit.  Is this true?

True

Completed Tray thermal cycling test (including detectors and MCM).  (LAT-TD-01839)

12. How do you monitor the temperature of the tray?  Do the MCM’s have thermistors included for readout?  
The tray is tested in a ESD al box with Nitrogen flux through it. A thermocouple registers the Al box temperature
A test has been done with an EM tray in a climatic chamber. The test showed that the tray temperature reach the box temperature within (3oC in less than 1 hour. 
