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User Guide:  Lapping Quartz and Ceramic Crystals

Purpose: 

The purpose of this procedure is to describe the process used to lap quartz and ceramic crystals.fillin "Enter brief statement of purpose for procedure:"
Responsibilities: 

Crystal Department engineering / management is responsible for maintaining this procedure.  Crystal Department machinists are responsible for carrying out this procedure and making sure to produce parts to the correct specifications/size on the print or on the router.

fillin "Enter who is responsible for maintaining and carrying out this procedure:"
Affected Departments / Product Groups / Support Groups:

Crystal Department

Associated Documents: ISO 9001, QAM, QSM, AS9100
fillin "Enter any documents specifically associated with this procedure.  Always include ISO 9001, QSM, and QAM but not PCB forms or procs.
Procedure: 

1. General Description and Practice

This procedure describes the process used to lap quartz and piezoelectric ceramic crystals.  Generally, quartz lapping will occur with the quartz in wafer form; however it may be necessary to lap quartz after this stage as well. After firing, all ceramic parts are lapped to a specific dimension to provide for consistent plating and poling.  In many cases, ceramic crystals are lapped again after machining to their final dimension.

Quartz and ceramic crystals are lapped on the Hoffman PR-1, PR-2 or Lapmaster 15” lapping machines.  The abrasive slurry used for crystal lapping is a mixture of aluminum oxide grit and a water-based lapping vehicle.  The Lapmaster is a single-sided lapping machine, so only the side of the parts against the lapping plate gets lapped.  Parts must be flipped over to lap the other side.  The PR-1 and PR-2 are double-sided lapping machines and therefore both faces are lapped simultaneously.

In order to maintain flatness and parallelism on the Lapmaster 15, it is necessary to transpose the parts within the ring / carrier at regular intervals, as well as flip the parts multiple times during the lapping process.  
1.1. Material Handling

Use care to avoid shaking, sloshing, spilling, splashing or tossing parts while handling or transferring them.

2. Safety Precautions

The edges of the lapping rings and plates are sharp from the abrasive action of the slurry.  The operator needs to handle the rings carefully to avoid getting cut.  Also, the rings, weights, and plates can be heavy.  Handle them carefully and avoid dropping them.  

2.1. Use of Ovens

Use the appropriate oven mitts, tongs, or gloves to load and unload parts from drying ovens.  

3. Equipment

3.1. Lapmaster 15” Lapping Machine

3.2. Lapping Rings

3.3. Lapping Weights, various

3.4. Hoffman PR-1 Lapping Machine

3.5. Hoffman PR-2 Lapping Machine

3.6. Hoffman PR-1 Flatness Gauge

3.7. Hoffman PR-2 Flatness Gauge

3.8. Lapmaster Flatness Gauge

3.9. Lapmaster Straightedge

3.10. Aluminum oxide abrasive, Panadyne DN-206, PCB #100-8315-30

3.11. Lapmaster #0101 Lapping Vehicle

3.12. Pyrex dish, filled with clean DI water

3.13. Liquinox soap solution, 1% (40 ml Liquinox to 1 gallon of water)
3.14. Drying oven

3.15. Tweezers                           

3.16. 0-1” micrometer

3.17. Paper towels

3.18. Various lapping carriers or masks

3.19. Various beakers

3.20. Various Cleaning Baskets

3.21. Microclean solution 2%. (80 ml Micro-90 to 1 gallon of water)

4. Check Lapping Plate Flatness
    4.1 (SINGLE SIDED) LAPPING: Lapmaster 15”
4.1.1  PROCESS INFORMATION 
4.1.1.1 Operator to refer to work instructions on router

4.1.1.2 The router must be updated by the operator where indicated.
4.1.1.3 Permanent changes are reviewed and updated by Engineering.

4.1.2 PREPARE LAP PLATE 
4.1.2.1 Lapping plate flatness must be verified on a daily basis (.0003 Max ) (first operator at the start of the shift) 
4.1.2.2 Remove one conditioning ring from lapping plate 15”.
4.1.2.3 Clean a portion of lapping plate with alcohol or leniuim and kim wipes Zero out indicator on Lapmaster calibrating plate, or on a surface plate.
4.1.2.4 Place indicator and base (5-0017-002-1910, 54115-01) on cleaned portion of lapping plate. Observe for 4 points of contact (indicator tip, 1 inside post, and 2 outside posts). 
4.1.2.5 When checking flatness on a serrated plate, DO NOT check along serration.
4.1.2.6 When flatness measures outside the acceptable parameters for lapping plate flatness (.0003 Max). Operator must adjust position of conditioning rings to properly work plates back into acceptable flatness.
4.1.2.7 Lapmaster: Run lapping machine with only the conditioning rings (3) on plate to work flatness back into specifications. As a guide, run machine for 30 minutes for every .0001 out of specification, or to get indicator back to “ZERO”. 
4.1.2.8 If indicator reads negative, plate is concave, move condition rings 1/8” outward from current position, up to ¼” max.
4.1.2.9 If indicator reads positive, plate is convex, move conditioning rings 1/8” inward from current position up to ¼” max.
4.2 DOUBLE SIDED LAPPING (PR-1 & PR-2)
4.2.1 PART  INFORMATION 
4.2.1.1 Operator to refer to work instructions on router, 
4.2.1.2 The router must be updated by the operator where indicated, or as specifications or conditions change.
4.2.1.3 Permanent changes are reviewed and updated by Engineering.

4.2.2 PREPARE LAP PLATE 

4.2.2.1      Lapping plate flatness must be verified on a daily basis (.0003 Max PR2, .0008 Max     PR1). At the start of the shift, record on CR004. 
          4.2.2.2.    New bottom plates require “ramps” to be installed, Tighten PR2 ramp 


    (100-10052-17), PR1 ramp (100-10226-90) ¼-20 SHCS to 12 ft.-lbs.             
4.2.2.3   Clean a portion of lapping plate with alcohol and kim wipes.
4.2.2.4 Zero out indicator PR1 (100-11043-10) or PR2 (50762-01) on a cleaned surface plate.
4.2.2.5 Place indicator and base on cleaned portion of lapping plate. Observe for 4 points of contact.   When checking flatness on a serrated plate, DO NOT check along serration.
4.2.2.6 Obtain measurement from indicator and record measurement onto CR004 maintenance log.
4.2.2.7 When flatness measures outside the acceptable parameters for lapping plate flatness (.0003 Max PR2, .0008 Max PR1), inform department lead and arrange for reconditioning on 48” paper.
4.2.2.8 Prior to conditioning plates, evenly distribute lapping slurry on top and bottom plates.
4.2.2.9 Condition plates at the start of each working day using bronze conditioning gears PR1 (100-10227-00) or PR2 (100-10227-20) for 25-35 minutes at just less than (10%) max RPM to ensure no nicks or dings are present from daily cleaning and to ensure plate flatness in maintained.
4.2.2.10 Each set of bronze rings are to be matched sets and NEVER used separately, less than the set of 5, OR mixed with another set of rings.

4.2.2.11 On a regular (daily) basis, lapping plates will be removed for cleaning as directed by section 12.2..
4.2.2.12 As needed, lapping plates may be Blanchard ground. Blanchard grinding is an alternate method used to restore the flatness back into specifications for that specific lapping plate, typical method is cited above.

5. Mixing Abrasive Slurry

5.1. Lapmaster 15
5.1.1. Remove the slurry mixing and feed assembly from the Lapmaster.  Using a 1000ml beaker, mix 1 part #0101 vehicle to 4 parts water.  (This mixture may be prepared ahead of time.)  Pour this mixture into the Lapmaster 15’s slurry reservoir.

5.1.2. Add 1 scoop of DN-206 abrasive to the slurry reservoir.

5.1.3. Stir for 30 seconds to mix the slurry.

5.1.4. Replace the slurry mixing and feed assembly.

5.2. PR-1

5.2.1. Follow the instructions in CR1012 for mixing the aluminum oxide abrasive slurry.

5.3. PR-2

5.3.1. Mix 1L of Part# 0101 with 4L of DI water in a container greater than 1.5 gallons.
5.3.2. Obtain 775±10 grams of DN-206 aluminum oxide.
5.3.3. Pour the DN-206 aluminum oxide in a 1 gallon container then fill with pre-mixed slurry from 5.3.1 until solution reaches the 1 gallon mark. 
6. Dispersing parts evenly throughout all carriers in all runs
6.1. Refer to Template “How to Distribute Pieces Throughout Lapping Carriers” if desired

6.1.1. This template will aid in the calculations necessary to properly distribute pieces
6.2. Count lot size, unless lot size has been counted at the end of the previous router step
6.3. Calculate the number runs required for entire job
6.3.1. 
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Note: 
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6.3.2. Always round up for this value
6.4. Calculate Run Size

6.4.1. 
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6.4.2. Uneven run sizes can be handled as follows:

6.4.2.1. Round 
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6.4.2.2. Round 
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6.4.2.3. Subtract the smaller 
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, this number is how many ‘extra’ pieces you have.
6.4.2.4. Take the number of ‘extra’ pieces and divide them evenly amongst all runs, you should never exceed the rounded up value of 
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 from 6.3.2.2.
6.4.2.5. Always make a note of the number of pieces per run when required

6.5. Calculate the Number of Parts per Carrier

6.5.1. 
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6.5.2. Uneven quantities can be handled as follows:

6.5.2.1. Round 
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down, this will be the least amount of parts in any carrier

6.5.2.2. Round 
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up, this will be the greatest amount of parts in any carrier

6.5.2.3. Subtract the smaller 
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6.5.2.4. Take the number of ‘extra’ pieces and divide them evenly amongst all carriers, you should never exceed the rounded up value of 
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6.5.2.5. When dispersing parts throughout a carrier always disperse them evenly.  Always try to ensure there are never two vacant part holes in a carrier in one area of the carrier.

6.5.2.6. Always make a note of the number of pieces per carrier when required

6.6. Example

6.6.1. 
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6.6.2. 
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  Therefore, we need to make 4 runs.

6.6.3. 
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  Therefore, the least amount of parts per run will be 197 and the largest amount of parts per run will be 198.

6.6.3.1. With four runs we have: 
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6.6.3.2. Therefore, our run sizes will be:

198, 198, 198, and 197

6.6.3.2.1. 
[image: image21.wmf]791

197

198

198

198

=

+

+

+

  No pieces are missing

6.6.4. 
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 Therefore, the least amount of parts per carrier will be 39 and the largest amount of parts per run will be 40.

6.6.4.1. With five carriers and 198 parts per run we have: 
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6.6.4.2. Therefore, our parts per carrier will be:
40, 40, 40, 39, and 39 totaling to 198

6.6.4.3. With five carriers and 197 parts per run we have: 
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6.6.4.4. Therefore, our parts per carrier will be:
40, 40, 39, 39, and 39 totaling to 197

7. Lapping Ceramic Parts on a Lapmaster 15

7.1. Place the lapping rings and / or carriers onto the lapping plate.
7.2. Turn on the machine and allow it to run for 2 minutes in order to begin feeding slurry onto the plate.  Measure a few parts and note the starting thickness.
7.3. Load the parts to be lapped into the rings.The parts must be laying flat in one layer.  If there are not enough parts to fill a ring, place the appropriate thickness mask into the ring and load the parts into the openings in the mask. When there are enough parts to do more than one run but not enough to have all runs completely full, do an equal number of parts in each run.
7.4. Squirt some slurry onto the parts to wet them.  Make sure that the parts are in one layer, and no parts are riding up on one another.
7.5. Carefully place a weight into each ring.  When lapping machined and plated annular crystals, use the lightest weight.
7.6. Refer to router for recommended lapping times. If times are not documented on the router set the timer for 2 minutes. Note: always measure parts in-process regardless of recommended cycle time. Be sure there is material left to lap the second side completely as well.
7.7. Start the machine and lap the parts for the set time.
7.8. Remove a ring and carefully set aside.  Carefully slide the weight off of the parts.  Do not try to lift the weight off the parts, as parts will stick to the weight.
7.9. Remove a few parts from the plate (select from all areas of the ring), rinse them off in the dish of water, and pat them dry with a paper towel.
7.10. Inspect the lapped surfaces to see if the entire surface of the part has been lapped.  If not, place the parts back onto the plate with the same face down and lap per the lapping sheet, or an additional 1-2 minutes.
7.11. If the surface of the parts is fully lapped, flip all the parts over and lap the second side for the same time used for the first side, available material permitting. If parts are in danger of going undersize notify your supervisor before proceeding.
7.12. Remove a ring and carefully set aside.  Carefully slide the weight off of the parts.  Remove a few parts from the plate (select from all areas of the ring), rinse them off in water, and pat them dry with a paper towel.
7.13. Measure the thickness of the parts with the micrometer.
7.14. Return the parts to the plate, and transpose the parts within the ring.
7.15. Repeat steps 7.7 through 7.14 until the parts are lapped to the desired thickness.
7.16. If any parts are lapped undersize, or break during lapping, segregate them by placing them into a non-conforming product bin for disposal.  It is acceptable to designate undersize parts for use as machining setup pieces, as long as they are clearly marked as scrap pieces.  NOTE:  Parts containing lead must be discarded in the appropriate hazardous material scrap container.
7.17. Once the parts are lapped to the desired size, remove them from the plate and place them into the dish of DI water. Use care to avoid shaking, sloshing, spilling, splashing or tossing parts while handling or transferring them.   
8. Lapping Ceramic Parts on a PR-1

8.1. Squirt some of the lapping slurry onto the bottom plate to wet it.
8.2. Load the appropriate carriers into the machine, and load the carriers with the parts to be lapped.  When there are enough parts to do more than one run but not enough to have all runs completely full, do an equal number of parts in each run. Spin the carriers to make sure they are properly seated.
8.3. Squirt more lapping slurry onto the parts and carriers.
8.4. Place the top plate onto the parts.  Spin it a few times to make sure the parts and carriers are properly seated.
8.5. Set the locking bar in place.  Position the slurry feed tubes appropriately, and start the slurry flow.
8.6. Set the timer for the appropriate time as documented on the router. If no time is documented, set timer to 30 sec to 3.0 min. and press the start button. Note: always measure parts in-process regardless of recommended cycle time.
8.7. After the parts have been lapped for the appropriate time and the machine stops, remove a few parts and check the thickness.
8.8. Repeat steps 8.1 through 8.7 until the parts have been lapped to the required thickness.  It is not necessary to flip or transpose parts when using the PR-1.
8.9. Once the parts are lapped to the desired size, remove them from the plate and place them into the dish of DI water.  Use care to avoid shaking, sloshing, spilling, splashing or tossing parts while handling or transferring them.   
9. Lapping Crystals on a PR-2

9.1. Place 1 gallon container of lapping slurry on roller for 5 minutes to homogenize solution.

9.2. Put mixer in 1 gallon container of lapping slurry.

9.3. Evenly distribute 5 carriers on bottom plate.

9.4. Load parts into carrier. 

9.5. Set PR-2 rotational speed to “60”.

9.6. Set mixer speed to “3”.

9.7. Set the switch on the Peristaltic Pump to “FWD”.

9.8. Set the dial on the Peristaltic Pump to “0.9”.

9.9. Position drip tube over carrier(s) then lubricate carriers and parts.

9.10. Seat top plate carefully over parts.

9.11. Position drip tube over a pocket with 4 thru holes on the top plate.

9.12. Set the locking bar in place.

9.13. Lap parts per router instructions. 
9.14. Release locking bar and move drip tube out of the way.

9.15. Gently rotate top plate clockwise and counterclockwise while slowly lifting the top plate.

9.16. Inspect parts per router instructions. 

9.17. If parts meet spec remove parts from bottom plate into a dish with DI water. If parts do not meet spec scrap if undersized, otherwise repeat above steps to re-lap parts to meet print dimensions. 

10. Lapping Quartz Wafers produced in house on a PR-1

10.1. Preparing Lapping Machine for Lapping Wafers

10.1.1. Select a set of carriers that the wafers fit (.010”-.050” over wafer dimensions) and .002” minimum under the thickness specified on the drawing.

10.1.2. Arrange the carriers on the bottom lapping plate equally spaced.

10.1.3. Select the abrasive 20-micron or 9-micron depending on parts being lapped and mixed per CR1012. NOTE: Most all lapping operations use 20 micron but there are exceptions. IF 9 micron is to be used it will state that in the operation notes on the router. .
10.1.4. Squirt some abrasive over the carriers.

10.1.5. Set the top lapping plate on the carriers.

10.1.6. Lock the top plate with the bar.

10.1.7. Turn down the speed control down to zero and start the machine.

10.1.8. Slowly turn up speed until the machine is running smoothly.

10.1.9. Run the carriers for about 5 minutes.

10.1.10. Stop the machine and remove the top plate.

10.2. Lapping Wafers

10.2.1. Place the wafers in the holes of the carriers.

10.2.2. Squirt some abrasive over the wafers.

10.2.3. Gently place the top lap plate on the wafers and lock into place.

10.2.4. Rotate the outer ring gear by hand to ensure wafers are seated properly.

10.2.5. Turn down the speed control down to zero and start the machine.

10.2.6. Turn up speed slowly until the machine is running smoothly.

10.2.7. Run the machine for 10 minutes.

10.2.8. Stop the machine and remove the top plate.

10.2.9. Remove a wafer, rinse, dry, and measure with micrometers. Note the measurement.

10.2.10. Replace the wafer and run the machine for another 10 minutes.

10.2.11. Stop the machine and remove the top plate.

10.2.12. Remove a wafer, rinse, dry, and measure with micrometers. Note the measurement.

10.2.13. Take the difference of the two measurements and divide by the time it ran (10 minutes). The result is your rate of stock removal. An experienced operator may know the rate already.

10.2.14. Calculate for the remaining time to finish the wafer to final dimensions
10.2.15. Replace the wafer and run the machine for the calculated time.
10.2.16. Stop the machine and remove the top plate.

10.2.17. Remove the wafers, rinse, dry, and measure with micrometers.

10.2.18. If the wafer’s thickness is to print, clean & etch per CR1002 x-ray per CR1013 if x-ray is called out on the router .

10.2.19. If the wafers are oversized, repeat the appropriate steps to finish.

10.2.20. If the wafers are undersized, segregate and disposition per QAM 8.3.

NOTE: If it is the end of the shift and the wafers are not at the finished thickness, OR there is not time to clean them, the parts may be rinsed and kept in water in a labeled container to be completed at a later time.

11. Lapping Machined Parts and Thinning of existing Wafers
11.1. Place the parts/wafers in the holes of the carriers.
11.2. Squirt some abrasive over the parts/wafers.
11.3. Gently place the top lap plate on the parts/wafers and lock into place.
11.4. Rotate the outer ring gear by hand to ensure parts/wafers are seated properly.
11.5. Turn down the speed control down to zero and start the machine.
11.6. Turn up speed slowly until the machine is running smoothly.
11.7. Run the machine for 5 minutes.
11.8. Stop the machine and remove the top plate.
11.9. Remove a part/wafer, rinse, dry, and measure with micrometers. Note the measurement.
11.10. Replace the part/wafer and run the machine for another 5 minutes.
11.11. Stop the machine and remove the top plate.
11.12. Remove a part/wafer, rinse, dry, and measure with micrometers. Note the measurement.
11.13.  Take the difference between the two measurements and divide by the time ran (5 mins) . The result is the rate of stock removal. An experienced operator may know the rate already.

11.14. Calculate for the remaining time to finish the parts/wafers to final dimensions.
11.15. Replace the part/wafer and run the machine for the calculated time.

11.16. Stop the machine and remove the top plate.
11.17. Remove the parts/wafers, rinse, dry, and measure with micrometers.

11.18. If the part or wafer thickenss is to print or router specs, clean and etch per CR1002.

11.19. If oversize repeat the appropriate steps to finish.

11.20. If undersize, segregate, sort 100% and scrap undersize parts.

NOTE: If it is the end of the shift and the parts are not at the finished thickness, OR there is not time to clean them, the parts may be rinsed and kept in water in a labeled container to be completed at a later time.

12. Cleaning after Lapping prior to Chemical Plating Only- 
Cleaning after lapping prior to VAPOR Plating refer to CR1002 .
12.1. Notice: Use care to avoid shaking, sloshing, spilling, splashing or tossing parts while handling or transferring them.  Do not check parts for dryness by tossing or shaking parts in bowl.

12.2. Cleaning parts in preparation for chemical plating

12.2.1. Rinse the parts in DI water.
12.2.2. Pour off most of the rinse water.  Cover the parts with 1% Liquinox soap solution.  
12.2.3. Place the beaker of parts in Liquinox into the ultrasonic bath for 30 minutes.
12.2.4. Pour off the soap solution and fill the beaker with Microclean 2% solution. Clean in the ultrasonic bath for 30 minutes.
12.2.5. Rinse the parts with DI water. Fill the beaker with DI water and clean in the ultrasonic bath for 30 minutes.
12.2.6. Pour off the water and fill the beaker with methanol. Place in the ultrasonic bath for 30 minutes.
12.2.7. Pour off the methanol.
12.2.8. Place the parts into the drying oven (set at 110º) C for 30 minutes minimum.
     Write the time the dish was placed in the oven on the side of the dish.
12.2.9. Remove the parts from the drying oven and allow them to cool.  Place the parts into a Petri dish and label the lid with the part number, batch number, job number and quantity.  Set the parts and router package in the appropriate staging area.
12.3. Cleaning parts before or after machining as necessary

12.3.1. Load parts into stainless steel basket at Branson 250 cleaning station
12.3.2. Lower parts into machine and hang above hot bath for 30 minutes
12.3.3. Remove parts from above hot bath and submerge parts in clean Lenium bath for 2 hours
12.3.4. Remove parts from Lenium bath and allow to dry for 5-10 minutes.
12.3.5. Inspect parts for cleanliness and if necessary repeat steps 11.3.2 through 11.3.4.
12.3.6. If sufficiently clean, place the parts into an appropriate container and label with the part number, batch number, job number and quantity.  Set the parts and router package in the appropriate staging area.
13.  Daily Maintenance

13.1. Hoffman PR-1 and PR-2 Start-up Procedure to be completed prior to lapping is started for the day
13.1.1. Place 1 gallon container of lapping slurry on roller for 5 minutes to homogenize solution.
13.1.2. Evenly distribute 5 carriers on bottom plate.
13.1.3. Put mixer in 1 gallon container of lapping slurry.

13.1.4. Set rotational speed to “60”.

13.1.5. Set mixer speed to “3”.

13.1.6. Set the switch on the Peristaltic Pump to “FWD”.

13.1.7. Set the dial on the Peristaltic Pump to “0.9”.

13.1.8. Position drip tube over carriers then lubricate.

13.1.9. Seat top plate carefully over carriers.

13.1.10. Position drip tube over a pocket with 4 thru holes on the top plate.

13.1.11. Set the locking bar in place.

13.1.12. Set timer for 5 minutes.

13.1.13. Press the “Green” button to start cycle.

13.1.14. Release locking bar and move drip tube out of the way.

13.1.15. Gently rotate top plate clockwise and counterclockwise repeatedly while slowly lifting the top plate.

13.1.16. Equipment is now ready for production.

13.2. Hoffman PR-1 and PR-2 Shutdown Procedure to be completed after lapping is finished for the day
13.2.1. Remove 1 gallon container of lapping slurry and replace with 1 gallon container of DI water. (NOTE: DO NOT USE THE DI WATER FROM THE CLOSED LOOP SYSTEM.)

13.2.2. Set mixer speed to “3”.

13.2.3. Set the switch on the Peristaltic Pump to “FWD”.

13.2.4. Set the dial on the Peristaltic Pump to “3”.

13.2.5. Position drip tube over a 2 liter glass bowl.

13.2.6. Fill 2 liter glass bowl ¾ of the way full.

13.2.7. Empty solution into drain. (NOTE: DO NOT EMPTY SOLUTION IN DRAIN OF      CLOSED LOOP SYSTEM.)

13.2.8. Set the switch on the Peristaltic Pump to “REV”.

13.2.9. Set the dial on the Peristaltic Pump to “8”.

13.2.10. Shut off mixer and Peristaltic Pump after tube is free of fluids.
13.2.11. PERIODIC CLEANING AND INSPECTION CHECK

              12.2.11.1 The operator is required to perform the following cleaning and inspection of the         Lapping Machine at end of each shift

              12.2.11.2 Remove and clean top & bottom plates, verify serration areas are free of lapping media.

              12.2.11.3 Clean inside of lapping machine to remove accumulated slurry and product residue from lapping process.

12.2.11.3.1  When ALL contamination is removed (cleaned) from all surfaces,    spray all cast iron and carbon steel parts with Unilap C60 rust preventative 100-10204-62.  It is not required to spray Stainless Steel parts.

               12.2.11.4  Contact supervisor if discrepancies arise.



*All other Maintenance will be performed as per Express Maintenance Software.
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