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User Guide: Slotting and Slicing of Crystals 

fillin "Enter Title of Procedure"Purpose: 

The purpose of this procedure is to describe the process used to generate slots in annular shaped ceramic crystals and slicing wafers to final dimensions.
Responsibilities: 

Crystal Department engineering / management is responsible for maintaining this procedure.  Crystal Department machinists are responsible for carrying out this procedure.
Associated Documents: ISO 9001, QAM, QSM, AS9100, CR1041
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1 General Description and Practice

This procedure describes the process used to slot ceramic crystals using the Chevalier surface grinder.  The surface grinder is equipped with a resinoid-bonded diamond-impregnated blade for this process.
Parts to be slotted are mounted onto a steel arbor with a thermoplastic adhesive (wax).  The loaded arbors are then mounted into a base fixture that is positioned on the magnetic chuck of the grinder.  The slots are then cut into the crystals using an automated program.  Following slotting, the crystals are demounted from the block and arbor, and cleaned prior to further processing.

2 Safety Precautions

Only trained crystal machinists may operate the Chevalier surface grinder.  Use appropriate caution when operating the machine.

Crystals are mounted onto the arbors using thermoplastic adhesives, which are melted on a hot plate.  Use caution when using the hot plate and handling the melted adhesives and hot crystals.  Use tweezers to handle the crystals, and tongs or other appropriate handling methods to remove the hot arbors from the hotplate.

The thermoplastic adhesives are dissolved with solvents, such as acetone.  These solvents are flammable and should be handled cautiously.  Do not heat solvents on the hot plate.

3 Equipment and Materials

Chevalier surface grinder

0.012” diamond blade with oversized spacers (100-10130-20)
Hot plate

Tweezers

0-1” micrometer
Calipers

Paper towels
Shop rags

Steel arbor rods

Stronghold 7036 Blanchard Wax adhesive (100-8376-20)
Slotting base fixtures

1.250” parallel

Spi 6” Machine Square (13-627-5)

Aluminum foil

Microscope

Beakers and dishes for solvents

Methanol

Acetone

Isopropyl Alcohol

Ultrasonic cleaner

Drying oven
4 Mounting Parts

4.1 Turn on the hot plate, and set the dial to about 130.  Allow the hot plate to heat up to 300ºF +/- 10º.

4.2 Gather the appropriate slotting base fixture and arbors for the crystal being slotted.  Reference Table 1 for part-fixture combinations.

	Crystal
Part Number
	Slotting Fixture
 Part Number
	Arbor
Part Number
	Est. No. Crystals Per Arbor
	No. Arbors Per Fixture

	5342-01
	53241-01
	53242-01
	70-75
	10

	13340-01
	
	
	
	

	41658-01
	
	
	
	

	48698-01
	
	
	
	

	22446-02
	
	53246-01
	30-40
	

	4372-04
	
	
	
	

	22446-01
	53243-01
	53244-01
	30-35
	6

	21627-01
	
	54263-01
	
	

	7056-01
	53247-01
	53248-01
	15
	4


Table 1: Slotting Fixture Part Numbers for Ring Shear Ceramic Crystals

4.3 Load the crystals onto the slotting arbor(s).  Leave slight gaps between the crystals on the arbors.  Reference Table 1 for an estimate of the number of crystals to load per arbor.  This number will depend on the job number and the thickness of the crystals.  Set the loaded arbors onto the hot plate to warm up.  After the pieces have warmed up, melt thermoplastic wax adhesive onto the OD of the crystals on the arbors.
4.4 Use tweezers to grab the ends of the arbor, and gently roll the crystals around on the hot plate in order to get a good coating of wax around the crystals and arbor.  Use tweezers to gently push the crystals together and center on the arbor.  
4.5 Using tweezers, remove the arbor(s) from the hot plate and set on a steel bench top to cool.
5 Setup and Slotting

5.1 Load the arbor mounted with test pieces onto the slotting base fixture.  Place the arbor into the first location, according to Figure 1, from the back of the fixture and tighten (snug) the set screws centered on the arbor flats.  Reference Figure 1.  
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Figure 1: Slotting arbor locations compare to front of fixture

5.2 Make sure the .012” (or the appropriate size called out in the router) diamond blade is mounted on the spindle.  Check the condition of the blade for chips, cracks etc.  Notify the engineer if defects in the blade are found.  When using a new blade, dress the blade with a silicone carbide stick followed by a white oxidized stick prior to mounting.  

5.3 If necessary, mount the blade onto the spindle and raise the spindle so that the blade is well clear of the table.

5.4 Check that the coolant level in the sump is adequate.
5.5 If necessary, clean the table magnet and fixture bottom with a shop rag.  

5.6 With the table magnet off, place the 1.250” wide parallel up against the back of the table.  Place the base fixture with loaded slotting arbor(s) onto the surface grinder table up against the parallel.  The side of the base fixture with the part number marked on it should be facing the front of the surface grinder.  Reference Figure 2. 
5.7 Position the base fixture from the end of the table by using a Spi 6” Machine Square (13-627-5).  Reference Figure 2.  

5.8 Turn on table magnet.  
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Figure 2: Fixture alignment on surface grinder table

5.9 At the surface grinder computer interface, select the appropriate program for the part being slotted by highlighting the WORKPIECE NO. field and using the arrows to navigate through the dropdown list.  Reference Figure 3.
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Figure 3: Chevalier CPU grinding program page 1

5.10 If replacing or changing out the blade, the Y and Z coordinate settings may need to be adjusted accordingly.    
5.11 Set the number of arbors being slotted by highlighting the SLOT NUMBER and changing to a quantity of 1.  Reference Figure 3.  

5.12 On page two of the computer interface, confirm that the TOTAL AMOUNT is set to cut all the way through the crystal wall thickness.  Reference Figure 4.  
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Figure 4: Chevalier CPU grinding program page 2
5.13 Close the surface grinder door.
5.14 Set the feed rate to zero and dial the machine to CNC mode.  Reference Figure 5.  

5.15 Turn on cycle start and gradually increase the feed rate until the current position of the Y coordinate reaches the set Y coordinate value.  The feed rate can then be left at 100%.  Reference Figure 5.  The surface grinder will then continue to slice the crystals at a set downward increment until the total depth of cut is reached.  The grinder will only slot the user-inputted one (1) set-up arbor.  
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       Feed Rate Set at Zero, CNC Mode Off               Feed Rate Set at Zero, CNC Mode On  

Figure 5

5.16 When the slotting cycle is complete open the surface grinder door and use compressed air to remove coolant and sludge from the slotting base fixture and table.  

5.17 Remove the set-up arbor from the slotting base fixture.  
5.18 Inspect the cut under a microscope to see if it is centered with respect to the crystals/slotting arbor and completely cut all the way through the crystal wall thickness.  If not, adjust the Y and Z coordinate accordingly and perform another test cut per 5.11 – 5.17.  See Figure 6a for an example of an arbor of crystals with the slot off center.  Once the cut is centered and completely through the wall thickness proceed to slotting the crystals.  See Figure 6b for an example.  If the parts are chipped contact the engineer.  Inspect the blade and re-dress if needed.
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               Figure 6a: Slot off center                        Figure 6b: Slot centered after adjustment

6 Slotting the Crystals
6.1 Do not change the coordinate settings from the position determined by test cutting in the previous section.  Load the arbors mounted with production parts onto the slotting base fixture.  Place the first arbor into the first location, according to Figure 1, from the back of the fixture and tighten (snug) the set screws centered on the arbor flats.  Load the remaining arbors consecutively from the back of the fixture.
6.2 If necessary, reposition the base fixture on the table following steps 5.6 and 5.7. 

6.3 At the surface grinder computer interface, set the number of arbors being slotted by highlighting the SLOT NUMBER and changing to the total quantity of arbors loaded on the base fixture.  Reference Figure 3.  Only input (at maximum) the total number of arbors that the specific slotting fixture can hold.  Reference Table 1.  
6.4 Close the surface grinder door and if necessary, turn on the table magnet.

6.5 Set the feed rate to zero and dial the machine to CNC mode.  Reference Figure 5.  

6.6 Turn on cycle start and gradually increase the feed rate until the current position of the Y coordinate reaches the set Y coordinate value.  The feed rate can then be left at 100%.  Reference Figure 5.  The surface grinder will then continue to slice the crystals at a set downward increment until the total depth of cut is reached.  The grinder will continue to run for the user set number of arbors on the fixture. 

6.7 When the slotting cycle is complete open the surface grinder door and use compressed air to remove coolant and sludge from the slotting base fixture and table.

6.8 Remove the slotting base fixture from the table.
6.9   Remove the arbors from the slotting base fixture.  Set the arbor of parts onto the hot plate and 
allow it to heat up until the crystals can be removed from the arbor.

6.10 Use tweezers to carefully slide the parts off the arbor. Take care and do not slide the parts 
across the surface of the hot plate when removing them from the rod.  Place the parts into a 
beaker of acetone, and allow them to soak until they can be separated.  Cover the beaker with 
tin foil, and label with the job number.

6.11 Once separated, place the parts into a beaker of clean acetone labeled with the job number, 
cover the beaker with foil and allow the parts to sit in the acetone overnight. 

6.12 The slotting base fixture can be cleaned by placing in the Lenium Degreaser.  Arbors can be 
cleaned by soaking in acetone.  
6.13 Clean up the surface grinder, if necessary.
7 Slicing Crystals 

7.1  Mount single quartz dud to glass and metal plate.

7.2   Call up appropriate program.
7.3   Use the “Machine” Y-Axis.
7.4   Teach Z-axis. 
7.5   Slice one row to finished size.
7.6   Rotate plate 90deg to cut the finished size in that direction and complete one sample part. If a different program is used to slice the second dimension (i.e. the part is rectangle not square) that program needs to be entered to create the second feature.
7.7   Using electric soldering iron, tweezers, and microscope heat one single part and remove it from the plate.
7.8   Clean in acetone.
7.9   Use 0-1 .0” micrometer to measure finished size in both directions.
7.10 If part requires an offset, enter it in the appropriate program offset page. Remember that IF two different programs need to be used that one may be in tolerance and the other may not. 
7.11 Repeat 5-9.
7.12 NOTE: If parts are too fragile and cannot be removed without damage to a point that it will not produce a good measurement the OCMM may be used. NOTE: This is a sacrificial part and will not be used in production.
If parts are larger and cannot be removed by the above process, sample cuts should be made and measured on the OCMM. If parts are OOT make offset cut another sample and measure again to ensure parts are in tolerance before proceeding. 

8  Cleaning Crystals 

8.2  After the parts have soaked overnight in acetone, place the dish in the ultrasonic cleaner for a 
minimum of 30 minutes.
8.3  Remove the beaker from the ultrasonic bath.  Pour off the acetone into the waste solvent can.  
Cover the parts with acetone and place in the ultrasonic cleaner for a minimum of 30 minutes.
8.4  Pour off the acetone into the waste solvent can.  Cover the parts with methanol and place in the 
ultrasonic cleaner for a minimum of 30 minutes.
8.5  Pour off the methanol into a waste container.
8.6  Dry the parts in an oven at 100ºC for a minimum of 30 minutes.
8.7  Remove the parts from the oven.  Inspect the parts under a microscope.  Reject those that are cracked or severely chipped, and segregate by placing into the appropriate Non-Conforming product bin.  NOTE:  Do not discard lead-containing crystals in the trash.  They must be discarded in the appropriate hazardous waste container.
8.8  Place the parts into a plastic Petri dish labeled with part number, job number and batch number. Fill out documentation as required.  Place the crystals and documentation on the in-process staging shelf.
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