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Abstract

This document specifies the procedure we have followed at NRL (Summer 2001) for testing the quality of the optical bond between the PIN photodiodes and CsI(Tl) crystal under thermal cycling.  Results of the tests are presented elsewhere.

1 Introduction

We have searched for an optical bonding compound that can provide reliable, predictable, and stable optical contact between the PIN photodiodes and the CsI(Tl) crystals against mechanical stress.  The mechanical stress considered here is generated by the mismatch between the coefficient of thermal expansion (CTE) of the ceramic carrier of the PIN photodiode and CsI.

2 Preparation

We bonded one PIN diode each to a set of CsI(Tl) cubes, each 3 cm x 3 cm x 3 cm.  

For the first series of tests, we used only Hamamatsu S3590 SPL custom dual PIN photodiodes.  For the second series of tests, we used both S3590 SPL and S8576 diodes (for the EM Calorimeter).  All PIN diodes had optical surfaces polished flat at the factory, although the S8576 PINs had a small deficit of the optical epoxy in the corner above the small diode (see document LAT-TBR).  The diodes were bonded to the crystal cubes with a variety of optical adhesives, according to the procedure described in LAT-TBR.  In all cases, an aluminum dam was attached to the crystal prior to the diode bond application to establish the diode’s bond thickness.  For the S3590 SPL diodes, the aluminum dam was 1.5 mm high with a 1.0 mm picture frame width.  For the S8576 diodes, the aluminum dam was 3.18 mm (1/8”) high with a 1.75 mm picture frame width.

The CsI(Tl) cubes were cut from 3 cm x 3 cm x 19 cm crystals purchased from Horiba for the 1997 beam test calorimeter.  Each crystal was cut on a band saw, the cut surfaces were sanded with 240 and/or 400 grit paper and ethanol, then crudely polished with rouge paper and ethanol, and finally all surfaces were polished with ethanol on cotton balls.  The sanding and polishing were deliberately done in random directions, including circular motions, to minimize any directional biases in surface condition.  In some cases, both the PIN diode and the surface of the crystal to be bonded were then roughened with 240-grit sandpaper and cleaned with ethanol.  This final roughening was done in one direction only, and the CsI powder was removed with ethanol on a stiff acid brush (bristles cut to ¼”) wiped along the same direction.

After bonding the PIN, we wrapped each crystal in two layers of 10-mil Tetratex and one layer of adhesive aluminized Mylar, as the BTEM crystals were wrapped.

The various optical adhesives and surface preparations for the first batch are listed in Table 1.  The “Crystal ID” identifies the parent crystal as “H” for Horiba and a following sequence number, and then the segment within the crystal as a trailing letter from A to F along the length of the parent crystal.  The crystal sequence number is arbitrary, as we no longer have the tracking information to identify Horiba crystals in their original shipments.  Some crystals are labeled using a different scheme, the definition of which is lost in obscurity.  Similar information for the second batch is listed in Table 2.

	Adhesive
	Surface Preparation
	Diode Type and S/N
	Crystal ID

	MasterBond EP37-3FLF
	Polished
	S3590SPL
03-067


03-059
	H1F
H1E

	MasterBond EP37-3FLF
	Rough (240 grit)
	S3590SPL
03-001


03-010


03-017


03-018
	H3B
H3A
H3C
H3D

	MasterBond EP37-3FLSP (more flexible)
	Rough (240 grit)
	S3590SPL
03-003


03-004


03-011


03-012
	H4B
H4D
H4C
H4E

	MasterBond EP37-3FL (more adhesive)
	Rough (240 grit)
	S3590SPL
03-007


03-008


03-009


03-019
	H2[?]
H3[?]
H2[?]
H4A

	Sylgard 184
	Polished
	S3590SPL
03-075


03-083
	H6B
H6[?]

	Sylgard 184
	Rough (240 grit)
	S3590SPL
03-027


03-035


03-043


03-051
	H1A
H1C
H1D
H1B


Table 1:  Configurations for first test batch

The thermal cycling was performed in a Tenney thermal chamber with vacuum pump-out, Model TMST-3-100350.  The digital temperature controller, Watlow model 935A, was manually set at regular intervals, and the chamber was set to heat or cool as appropriate, as described in the procedure below.  The temperature controller used a probe whose temperature could be displayed on the controller.  We added two additional temperature probes to monitor the temperature within the chamber:  we placed one probe on the plastic baseplate on which the crystals were arrayed, and we inserted a probe in the center of a 3 cm x 3 cm x 3 cm crystal that we had drilled out.

	Adhesive
	Surface Preparation
	Diode Type and S/N
	Crystal ID

	MasterBond EP37-3FLSP (more flexible)
	Rough (240 grit)
	S3590SPL
03-020


03-021


03-022


03-023


03-024


03-025


03-026


03-028


03-029
	H2-2
H61
H6[?]
H6A
H4F
H5E
H62
H5C
H5B

	MasterBond EP37-3FLSP (more flexible)
	Rough (240 grit)
	S8576

0043


0044


0045


0046


0047


0048


0049
	D2G-1
D2G-2
D2G-3
H21
D2G-4
D2G-5
D2G-6


Table 2:  Configurations for second test batch

We placed the crystals in the Tenney on a plastic baseplate raised from the chamber bottom by two one-inch u-channel aluminum bars.  We arranged the crystals regularly across the plate so that they were not in contact with each other and the chamber gas was free to flow around them.  We placed the crystal with the internal temperature probe near the center of the array of test crystals.

3 Procedures

We defined two procedures for thermal cycling:  the “Slow” cycle, in which the rise to +50C and the cool to –30C were performed on successive working days, and the “Fast” cycle, in which both the hot and cold swings were performed on the same day.  

3.1 The Slow Cycle

The procedure for Slow thermal cycling is described below.

1. Record room temperature and room relative humidity, and record the three probe temperatures.

2. Collect 137Cs spectra and run pulser calibration following the procedure in Section 3.3.  Remove crystals from thermal chamber one at a time for the spectral measurement.  Return them to their original locations on the plastic baseplate.

3. Begin the heating swing.  Record the three probe temperatures.  Turn on HEAT heating.  Set the temperature controller to the nearest integral multiple of 5C higher than room temperature.  Typically this set point is 25C.  Record the three probe temperatures and the set point.  Monitor the gas temperature (as indicated by the Watlow controller readout) to ensure that the turn-on transient does not cause large temperature swings.  Modify the set point as necessary until both the gas temperature and controller are at the intended set point.

4. Wait 30 minutes.

5. Record the three probe temperatures, increase the controller set point by 5C, and record the set point.  

6. Repeat steps 4 and 5 until the set point reaches +50C.  Hold at +50C for two hours.  

7. Record the three probe temperatures, decrease the set point to +45C, record the set point, and switch the Tenney to COOLING-INT refrigeration.  Monitor the gas temperature (as indicated by the Watlow controller readout) to ensure that the turn-on transient does not cause large temperature swings.  Modify the set point as necessary until both the gas temperature and controller are at +45C.

8. Wait 30 minutes.

9. Record the three probe temperatures, decrease  the controller set point by 5C, and record the set point.

10. Repeat steps 8 and 9 until the set point reaches +25C.  Hold at +25C for 30 minutes.  Turn off the thermal chamber.  Wait until the next morning.

11. Record room temperature and room relative humidity, and record the three probe temperatures.

12. Pump out the chamber.  Run the Tenney pump until the residual pressure within the chamber is 10 mm Hg.  Begin slow flow of dry nitrogen gas, turn off chamber pump, then increase nitrogen flow to fill the chamber to near atmospheric pressure in two minutes.  Stop flow at slightly less than atmospheric pressure.  (Grove filled the chamber in about 2.5 minutes; Sandora filled it in about 1.5 minutes.)

13. Begin the cooling swing.  Record the three probe temperatures.  Turn on COOLING-INT refrigeration.  Set the temperature controller to the nearest integral multiple of 5C lower than room temperature.  Typically this set point is 20C.  Record the set point.  Monitor the gas temperature (as indicated by the Watlow controller readout) to ensure that the turn-on transient does not cause large temperature swings.  Modify the set point as necessary until both the gas temperature and controller are at the intended set point.

14. Wait 30 minutes.

15. Record the three probe temperatures, decrease  the controller set point by 5C, and record the set point.  

16. Repeat steps 14 and 15 until the set point reaches –30C.  Hold at –30C for two hours.  

17. Record the three probe temperatures, increase the set point to –25C, and record the set point.  (Continue using COOLING-INT.)

18. Wait 30 minutes.

19. Record the three probe temperatures, increase the controller set point by 5C, and record the set point.

20. Repeat steps 18 and 19 until the set point reaches 25C.  Hold at 25C for 30 minutes.  Turn off the thermal chamber.  Wait until the next morning.  (Note that we used a couple of methods to hold near room temperature prior to shutting off the Tenney, but the hold for 30 minutes given here is notionally correct.)

21. Begin the next cycle at step 1.

3.2 The Fast Cycle

The procedure for Fast thermal cycling is described below.

1. Record room temperature and room relative humidity, and record the three probe temperatures.

2. Collect 137Cs spectra and run pulser calibration following the procedure in Section 3.3.  Remove crystals from thermal chamber one at a time for the spectral measurement.  Return them to their original locations on the plastic baseplate.

3. Pump out the chamber.  Run the Tenney pump until the residual pressure within the chamber is 10 mm Hg.  Begin slow flow of dry nitrogen gas, turn off chamber pump, then increase nitrogen flow to to fill the chamber to near atmospheric pressure in two minutes.  Stop flow at slightly less than atmospheric pressure.  (Grove filled the chamber in about 2.5 minutes; Sandora filled it in about 1.5 minutes.)

4. Begin the heating swing.  Record the three probe temperatures.  Turn on HEAT heating.  Set the temperature controller to the nearest integral multiple of 5C higher than room temperature.  Typically this set point is 25C.  Record the three probe temperatures and the set point.  Monitor the gas temperature (as indicated by the Watlow controller readout) to ensure that the turn-on transient does not cause large temperature swings.  Modify the set point as necessary until both the gas temperature and controller are at the intended set point.

5. Wait 15 minutes.

6. Record the three probe temperatures, increase the controller set point by 5C, and record the set point.  

7. Repeat steps 5 and 6 until the set point reaches +50C.  Hold at +50C for one hour.  

8. Begin the cooling swing.  Record the three probe temperatures.  Decrease the set point to +45C.  Switch the Tenney to COOLING-INT refrigeration.  Record the set point.  Monitor the gas temperature (as indicated by the Watlow controller readout) to ensure that the turn-on transient does not cause large temperature swings.  Modify the set point as necessary until both the gas temperature and controller are at +45C.

9. Wait 15 minutes.

10. Record the three probe temperatures, decrease  the controller set point by 5C, and record the set point.

11. Repeat steps 9 and 10 until the set point reaches –30C.  Hold at –30C for one hour.  

12. Record the three probe temperatures, increase the set point to –25C, and record the set point.  (Continue using COOLING-INT.)

13. Wait 15 minutes.

14. Record the three probe temperatures, increase the controller set point by 5C, and record the set point.

15. Repeat steps 13 and 14 until the set point reaches +25C.  Hold at +25C for 15 minutes.  Turn off the thermal chamber.  Wait until the next morning.  (Note that we used a couple of methods to hold near room temperature prior to shutting off the Tenney, but the hold for 30 minutes given here is notionally correct.)

16. Begin the next cycle at step 1.

3.3 Bond Testing

The following procedure is used to test the optical quality of the bond between the PIN diodes and the CsI(Tl) crystal.  The readout electronics and data acquisition are described in LAT-TBD, “Calorimeter CDE Light Yield Calibration”.

1. Insert a weak (~1 Ci) 137Cs source into the small test box.  Surround the test box with lead bricks to protect the user.  Test with a survey meter to ensure that the user is exposed to <1 mR/hr at a distance of 30 cm or more from the test box.

2. Insert the test crystal into the small two-channel test box.  Attach the twisted pigtail leads from the preamp input to the large PIN diode posts.  Place the test crystal against the 137Cs source to maximize the count rate.  Use the same relative orientation of crystal and source for each crystal for each test.  (For the S3590SPL diode, we used a pigtail connected to a SIP block, which nicely mates with the 0.2” post spacing on the PIN.  The post spacing for the S8576 is not an integral number of tenths of an inch, so we used breadboard plugs to connect to the posts of the PIN.) 

3. Collect a spectrum for a fixed time interval.  We typically used 4-minute or 3-minute collections.  The first few collections were 5 minutes, but the majority of the Slow cycle collections were 4 minutes.  The Fast cycle collections were 3 minutes.

4. Record the number of events collected and the 662 keV peak bin.  For the first crystal, verify that full spectrum looks sensible and that the LLD is sufficiently low not to bias any photopeak meausrements.  (The number of photopeak events collected was sufficient to read the peak bin by eye to better than one bin resolution.  We also wrote a gaussian peak finder, but we generally did not use the software.  All the recorded values in the log book were read by eye.)  Return the test crystal to its original location within the thermal chamber. 

5. Repeat for the remaining crystals.

Because we suspected that the gain of the Mechtronics shaping amps might be temperature sensitive, we injected pulses into the shaper on a regular grid of amplitudes and monitored the peak locations.  (It would have been better to inject charge into the test input of the eV5093 preamps to monitor any potential gain drift through the entire electronics chain, and any new testing should do this.)  We performed this pulser calibration each day we collected 137Cs spectra.  We used the following procedure.

1. Inject 2000 pulses each at four amplitudes into the shaper.

2. Record the peak location closest to the nominal 662 keV peak bin from the 137Cs testing.
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