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Abstract:

Our experience with the Engineering Array has shown that the photomultiplier assemblies in the

Surface Detector water tanks require environmental protection. To ensure reliable operation of

these assemblies over the projected lifespan of the array, a design was developed and

implemented in pre-production. This note discusses the rationale behind the current design and

appendices contain step by step instructions for the assembly procedure.
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Introduction:

The surface detector of the Pierre Auger Observatory consists of 1600 individual detectors

spaced at 1.5km over a region of the Pampa Amarilla in Argentina. Each detector houses a

plastic bag containing purified water which is observed by three PMT's attached to windows on

the bag. The PMT's are part of an assembly which includes a base with on-board HV generation,

signal amplification and monitoring, the design for which can be found in [1]. The design for the

Engineering Array used socketed PMT's and connectors on the base for ease of parts exchange,

but unfortunately this reduced reliability. It was decided at the 2001 Surface Detector Electronics

workshop in Orsay that the production design would include modifications to improve reliabilty. 

Theory

Obviously, water and electronics don't mix. Actually, the reality is somewhat more subtle.

Apart from failure of mechanical components due to water, the main damage mechanism is

allowing movement of ions. This current not only affect the circuit in operation, but allows metal

etched from the circuit traces to cause breaks in

traces or be redeposited leaving a permanent

conductive path. One way to prevent this

occurrence is hermetic sealing of the electronics

from the atmosphere using metal and ceramic

enclosures, but this is not feasible due to cost and

difficulty. Plastic enclosures won't work as it turns

out that plastics allow water molecules to diffuse

through them quickly in comparison to metals and

ceramics [2]. So even with perfect sealing of plastic

enclosures, water can transpire and damage

electronics. However, electronic encapsulating materials protect circuits by preventing liquid

water from contacting the board and limiting the movements of ions within the material. 

Encapsulation Methods

There are three main techniques for protecting electronics by encapsulation: Conformal

coating, dip encapsulation and potting, in increasing order of material thickness and application

difficulty. A conformal coating, as the name suggests, is a thin layer of plastic that conforms to

the board and its components. It can be sprayed or painted on and is usually like a paint or

varnish with a thickness on the order of tenths of a millimeter. Dip encapsulation involves
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dipping the assembly and letting the coating flow off leaving a ~1 mm layer. Potting is a casting

of the encapsulant allowing infinite thickness. However, this technique requires a containment

volume around the assembly and the material be mixed and dispensed in a controlled manner.

Potting was chosen for the preproduction design for the following reasons. Though conformal

coatings may offer some protection from water, they have difficulty coating sharp corners with

any uniformity, such as on large surface mount capacitors. Also, since the material contracts

while drying, this can lead to voids under components where water can collect. Dip

encapsulation affords more protection than conformal coatings but in order to leave a thick

coating it must be viscous, again leading to a trapped void problem. Potting solves these issues

along with providing physical support for the base and neck of the tube as will be described later.

Potting is also the gold standard of protection for experiments where large PMT's are exposed to

water such as Kamiokande.

Encapsulation Materials

There are many materials used for encapsulation and they can be broadly categorized by

stiffness: Rigid, flexible and gel. Rigid materials such as epoxy, polyester and polyurethane

provide excellent protection, mechanical rigidity and are relatively inexpensive. Silicones,

available in both flexible and gel consistencies, also provide excellent protection and some

mechanical support but are more expensive. Silicones are also removable/repairable whereas the

rigid materials are not. This ultimately drove our decision towards silicones.

The preproduction base is fairly complex, having an on-board HV generator and op-amps for

monitoring and control. In other experiments where the base was a simple resistor divider with

external HV, it was economical to pot the base in a non-repairable material since a failure was

most likely due to the PMT and the entire module was replaced. Since the reliability of  the

Auger base is difficult to determine due to the newness of some of the components and there is

some economy in repairing a PMT assembly, a removable material was needed. Gel silicones

have the additional advantage that they are self repairing, but were rejected ultimately because

they don't provide enough mechanical stability.

The rigidity of the encapsulant was also important from a mechanical standpoint. In order to

provide for manufacturing tolerances and ease of installation, a material that had some

compliance was preferred over a rigid material. There is also less concern for differential thermal

expansion rates causing mechanical stress as the estimated expected temperature range of the

assembly is -10 degC to +50 degC.
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Choice of Silicones

The material that was chosen for preproduction is RTV-12 made by General Electric.

Silicones from both GE and Wacker of Germany were evaluated, but RTV-12 has many

advantages which led to its selection. It has the following properties[3]:

Mix Ratio 20:1
Viscosity 1500 Centipoise
Specific Gravity 1.00
Hardness 18 Durometer, Shore A
Temp. Range -54 to 204 Degrees C
Thermal Cond. 0.17 W/m deg. K
Coef. Therm. Exp. 29 ́  10-5

Dielectric Strength 15.7 kV/mm
Volume Resistivity 1013 Ohm-cm
Work Life 1.6 Hours
Curing Time 24 Hours at 25 deg. C

The low viscosity and  long pot life ensures release of bubbles entrained during mixing and

dispensing, eliminating the need for vacuum degassing. It is clear, allowing visual inspection of

potting quality and later component inspection for repair. Cure time is short enough such that an

overnight cure is sufficient for handling, allowing a one day pot turnaround and the mechanical

stiffness is sufficient to protect the cable entry into the material. Since it is a condensation cure

silicone, it does not have 'cure inhibition' a problem where the material fails to cure when in

contact with certain common electronics materials. Most importantly, RTV-12 does not require a

primer. Many silicones do not adhere well and require a primer which would add a processing

step, drying time and need additional toxic materials handling. Because the 20:1 mix ratio is

rather high and difficult to mix by hand, a piston mix-meter machine was obtained to ensure

proper mixing and dispensing.

Assembly Design

To allow for the various requirements of shipping,

assembly and deployment, groups at UCLA, CSU and

Photonis developed a design for the PMT assembly and

packing. Since it was agreed at the SDE workshop in

Orsay that to increase reliability there would be no

connectors within the tank, Photonis proposed

providing the PMT's with 'flying leads' which would be

soldered to the base board. The board would be
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supported by a plastic standoff which would be glued to the tube, the leads being potted within

the standoff. To provide a enclosed volume for potting and a mechanism for aligning the PMT

assembly within the assembly cover (fez) a collar was designed with a flared flange. This collar

would be glued to the neck of the PMT while being held in an alignment fixture, ensuring a

proper fit. The flange would allow installation of the tube without having to align the PMT on

site, the mechanics of the collar and cover providing the fixation (no more PAF). For the initial

~140 assemblies the collar was made of a blue polystyrene foam, the production collars are

injection molded ABS. In addition, the packing foam was designed in such a way as to provide

support of the PMT while being shipped from Photonis to UCLA and also to Malargue after the

tube was tested and assembled with collar etc. 

Environmental Testing

To ensure that the design and materials chosen for the PMT assembly would withstand the

conditions in a tank in the field, a environmental test chamber was constructed. It is capable of a

temperature range of -15 degC to +80 degC at a slew

rate of ~ 1.5 degC/min. It is controlled by an industrial

ramping temperature controller which allows one to set

the temperature profile and dwell times. 

As a check that the initial design would not fail, a

tube with nominal properties was selected from the

production stream and tested with the chamber under

conditions suggested in [4]. This tube was subjected to multiple cycles from -10 degC to +65

degC with 30 minute dwells at each extreme and with a ramp of 1degC/min. A burn-in period at

+65  for 16 hours was also performed. The tube survived without significant changes in

performance. It was planned to pull a tube from each batch and perform a similar test, but this

was not done primarily since the initial design with the blue styrofoam collar is thermally very

different from the final black ABS collar design. Tests will be performed with the new collar

design as quantities become available.
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Appendix A--PMT and Collar Preparation

Safety Information

PMTs are glass globes under very high vacuum. If one were to break, it would send glass flying

at very high speed. Handle with care, paying attention to prevent knocks against hard wood and

metal. Safety glasses should be worn whenever manipulating PMTs. Do not wear rings, watches

or other jewelry while handling. Wipe PMTs with KimWipes only, no papertowels or kleenex.

Tube and Collar Setup

1. Before the silicone potting material can be poured, the collars on the PMT's must be glued on.

2. Set up the tubes on the potting stand in their foam inserts (the bottom foam layer in the box)

The stand holds 10 comfortably per deck, but up to 12 can be accommodated.

3. Cables need to be coiled and secured with twist ties. This is so the cables don't rest on the

collars while the glue sets and to prevent the connectors falling into the silicone.

   

4. Clean the top and bottom of the circuit board and neck of the PMT by using the airgun. At

this step, check that the barcode number matches the number on the manufacturer's label.

5. In preparation for gluing the collar, swap the foam insert for the depth setting fixture. Have a

glue gun with glue silicone (RTV-5818) ready. Check to be sure that the face of the PMT

bottoms out on the plastic support.
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6. Apply a bead of glue all along the top border of one of the collar halves, adding a thick (8 to

10 mm) bead on the inner surface that will glue to the neck. Follow the line ~3cm down from

the top. Note that these are the old blue foam collars, most likely you will be using the new

black ABS collars.

      

7. Make sure there is a good continuous bead along the entire path, carelessness here will result

in a troublesome silicone leak. Double check that the barcode and tube numbers are the same.

8. Press the glued collar half onto the PMT, avoiding the cables (they are pulled up out of the

way due to step 2 right?)
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9. Apply glue to the other half. You only need glue on the inner neck surface. Again make sure

you have a thick bead here about ~3cm down from the top.

10.Put this half onto the PMT and squeeze together until only ~1mm gap remains. Line up the

top of the collar halves so that they are even. For the black collars, there are alignment nubs

that will help with this task.

   

11.Clean off glue that has squeezed out and apply a strip of tape to both the front and back gap.

12.Immediately put the test fez (the one with the slot and cutaways) over the collar and the

fixture. Check to see that the bottom flange of the test fez is seated completely on the

aluminum deck of the fixture. Apply clamps.
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13.Pull up on the collar while simultaneously pushing down on the PMT. Do this until the flare

on the collar is snug up against the flare of the inside of the fez.

For black collars, wedge foam pieces under the collar and leave until the glue is cured. Do this

for all tubes on one deck of the stand. Bypass step 14. Repeat instructions for next deck.

14.Remove clamps and test fez, being careful not to move the collar out of position. Be

especially careful of the cables.

15.Remove PMT from the fixture and replace it in its foam support. If cables are pressing on the

collar, take up slack in the hangar to prevent pressure on the collar. Remember, once the test

fez comes off, the only thing holding the collar in position is the silicone glue.

    

16.The glue takes 30 minutes to cure. Go have a coffee.
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Safety Information

There are two components to the RTV-12 silicone mixture:  the primary component is the 12A

silicone, and the secondary component is the 12C catalyst.  (The ratio of primary to secondary

component is 20:1 by weight or 5% catalyst (by volume ~6%.) Though the RTV-12A silicone

component is very unreactive, the 12C catalyst is poisonous and flammable, so aprons and

gloves should be worn. Also, uncured silicone will damage contact lenses, another reason to

wear gloves. MSDS sheets are available for both components.

Tube Setup

1. For each tube, take a piece of packing tape 20 cm. (8 in.) long and apply it along one half of

the collar either on the right or left side. About half of the width of the tape should be above

the top of the collar.

 

2. Tilt the tube slightly (10° is enough) in the direction of the tape. This is to encourage the

silicone to fill the void under the base circuit board from one side to the other which reduces

bubble formation. If bubbles are trapped under the board, you must wait to allow them to

escape.

Fluid Setup

3. Ensure that there is enough of each component in the tanks:  There should be at least 20 cm 

(8 in.) of silicone, and at least 10 cm (4 in.) of catalyst. This is a critical check, if air is

allowed into the lines, a long priming procedure is required to expel the air.
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4. Turn on the nitrogen gas (in tall red tanks behind the potting table).  The left pressure gauge

should read 460--860 kPa (70--125 psi).  This is above the green line but below the red line

(The gas provides pressure for operating the machine.)

Nozzle Setup -- Safety Information

5. Pull up on the yellow plate on the black device attached to the pumping apparatus.  (This is

the master control switch.  If anything should go wrong, push down on this switch to stop the

pumping.) The pressure gauge should read at least 20 psi (red line)

Once the compressed air is on, the potting machine may move automatically even when the

trigger is not pressed. DO NOT PUT YOUR HANDS UNDER THE MACHINE OR TRY

TO MOVE THE PISTON LEVER BY HAND IF THE AIR PRESSURE IS ON. 

  

6. As with firearms, keep your finger off the trigger until ready to use.

7. Uncap gun--you may need to use a wrench to do this. Look out for silicone which may ooze

out after the white cap is released.

8. Probe both holes in the nozzle with one cotton swab each (using separate cotton swabs
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ensures that you don't contaminate the inside of the nozzle) Clean any cured silicone out.

 

9. Pressing the nozzle button causes the fluids to pump.  Do so briefly (over the trash, cowboy)

to ensure that both components are pumping properly.

10.Clean and attach the small bent copper connector to the smaller of the nozzle holes (this helps

improve the mixing of the components).  

11.Attach the mixing tube complex to the

end of the nozzle.  Shoot more fluid to

ensure that there are no leaks.  

12.Tightly connect the two mixing tubes

with the metal joint.  (Two mixing

tubes are needed for proper mixing.) 

13.Fill a small dixie cup with the mixture,

and mark it 'begin' or 'pre'.  (This cup

should be saved for later reference, in case anything goes wrong with the rest of the process.)

Inspect the cup and ensure that the fluid is foggy and almost completely obscures the cup

bottom; if the fluid is very transparent (i.e., comparable to water), then not enough catalyst is

being mixed. Determine the reason for this and repair before proceeding--this is also a critical

step.
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Mixture Pouring

14.Shoot mixture into the tube-collar complex.  The first shot should reach above the tape line,

but should not cover the entire board.  (This is done so that space between the tube and the

collar can be filled.)  Wait for the mixture to recede into the space below the circuit board,

and repeat. (Also, tilt the tube closer to a vertical position as necessary).

   

15.If air is trapped under the board, bubbles will emerge from either the holes or around the

edges. Leave this tube assembly in a tilted position and proeed to other tubes while waiting

for the air to escape.

16.Eventually the whole of the circuit board should be covered.  Make sure that the HV module 

(the metallic box on the right) is at least coated, but not necessarily completely covered by the

silicone.

17.While pouring the silicone, check to see that there is a slight haze in the liquid, this indicates

catalyst is being mixed in. You should be able to see the haze clearly from light reflecting off

the shiny metal of the circuit traces. IF YOU DO NOT SEE HAZE IN THE SILICONE,
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STOP IMMEDIATELY AND DETERMINE THE CAUSE BEFORE PROCEEDING.

18.When there are no more bubbles, return the tube-collar complex to the vertical position. Top

off the tube if necessary, flow silicone over the HV module and make sure the wires are

covered. A good level to fill to is above the cables but below the top of the HV module.

19.Leaks may occur if the collar and tube are imperfectly bonded in the collar attachment step.

In this case, wrap Kimwipes around the base of the bulb (right below the collar) like a

tourniquet.

20.The mixture will take several hours to set; check leaking tubes after an hour or two, and

switch Kimwipes accordingly.

Apparatus Teardown

21.Fill a dixie cup and mark it 'end' or 'post'.

22.Remove the mixing tubes from the nozzle and disassemble them. Hang them up over a trash

can to drain--they can be used more than once.

23.Return the nozzle to its clamp (facing up) and remove the bent copper connector from the

nozzle.

24.Cover the nozzle head and cap interior with vaseline, and cap the gun.

25.Turn off the machine by pushing down on the yellow master control plate and turn off the

nitrogen gas.

26.Check the level of the two components of silicone in the tanks and top off as necessary. It is

better to do this now instead of before a potting session as pouring silicone into the reservoir

will entrain air bubbles into the liquid. 

Troubleshooting Suggestions

The biggest problem with the mixer has been uneven starting of the catalyst. This was due to

a damaged piston seal in the catalyst pump which has been repaired, and check valve failure

due to butyl o-rings which were replaced with Viton. Since the liquids are under high pressure

in the system, air must be purged from both lines during initial setup. This is done by raising

the gun up high enough such that the supply lines are always sloped up. Then discharge

enough material to flush both lines. 
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Assembly Inspection

1. After the silicone has cured (typically overnight) inspect to see that it has indeed cured and is

uniformly stiff. Poke the silicone with your finger or a rounded object. It should give slightly

and not stick to you.

2. If the tube suffered a leak and the silicone level is not high enough, set tube aside to be topped

off in the next potting session. 

3. If the assembly passes inspection, bend the cables downward over the edge of the collar. You

may have to pre-bend the cables. Apply tape to hold cables down.

  

Prepare a fez by applying the barcode label. It should be applied level and right side up when

the holes in the fez are facing you. If the fez holes are a 6 o'clock, the label should be placed

from 9 to 3 o'clock. Check to see

that it matches the barcode on the

tube. Also mark the north

orientation direction (9 o'clock).

4. Untangle the cables, by running

them through your fingers. Thread

the cables through the holes in the

fez.

5. Recoil the cables and tie with a

twist-tie.
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6. Grab the entire assembly with the foam and stuff it into the cardboard packing carton. Place

cables into gap of bottom foam. This should be done with the gap in the bottom foam toward

you and the box oriented so that the serial number label on the box flap is upright.

7. Put middle foam piece and top foam sheet into box, pressing down entire stack until seated.

Check under top sheet that assembly is fully seated.

8. Make sure to include the shipping spec sheet and a unpacking instructions slip before closing

and sealing box.
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