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                Procedure for anodizing GaAs wafers
   for active area photocathode definition
   20 February 2004
   Supplies
   ========
   Fresh bottles of Methanol, Acetone
   Dry Nitrogen tank or dewar of LN2
   Battery pack or power supply
   Phosphoric acid and dropper
   DI water (Millipore system)
   400 ml beaker phosphoric acid, 100 ml beakers for GaAs, o-rings
   Clean tweezers
   Gold wire 2 mil
   Lint free wipes
   Gloves
   Aluminum foil
   Quickstick glue (and clean razor blade to cut)
   Clean microscope cover slides
   Multimeter
   Electrical leads with small alligator clips
   Vacuum pump
   hot plate
   ultrasonic cleaner with variac
   solvent resistant marking pen
   microclean for cleaning glassware
   Steps
   =====
     * 
       If needed, clean glassware
         * 
           Place in ultrasonic cleaner tray, covered with DI water.
         * 
           Add a few drops of microclean
         * 
           Agitate in ultrasonic cleaner 3-5 minutes
         * 
           Replace with fresh water (DI) and agitate again
         * 
           Finish with a final fresh water rinse and agitation
         * 
           Cover with methanol in tray and agitate for 3 minutes
         * 
           Finish with a leech in DI water – bring DI to a boil in the
           tray and allow the glassware to boil for 3-5 minutes
         * 
           Label glassware using solvent resistant pen: TCE1, ACE1,
           METH1, DI/ACID, METH/ACID, ACE/GLUE, ACE, METH, O-ring (if
           needed), and label larger beaker for phosphoric acid solution
     * 
       If needed, clean tweezers in DI/microclean and methanol
     * 
       Get blue tray with supplies out, and get
     * 
       Prepare area to work in fume hood with aluminum foil then lint
       free wipes to cover surface (make sure that wipes are weighted
       down and don’t blow away)
     * 
       Put water in ultrasonic cleaner – only about 3-4 cm deep
     * 
       Plug ultrasonic cleaner into a variac and use 50% of 120 V to
       avoid wafer breakage
     * 
       Set up vacuum pump and ring stand with proper sized holder for
       o-ring (5mm holder is left on the plastic tube in bag on top of
       vacuum pump
     * 
       Prepare dilute phosphoric acid solution – 3 drops acid in 300-400
       mL DI water pH should be between 2.4 and 3.2 (can use pH meter to
       check if desired – I don’t as the pH meter may be dirtier than the
       water)
     * 
       Clean Viton O-rings in methanol (acetone will destroy the viton!)
       in ultrasonic cleaner, dry (o-rings stored with a set of tweezers
       have already been cleaned and can be used without cleaning. Any
       others need to be cleaned in beaker designated for o-rings)
     * 
       Heat glass cover slide (use only the tweezers stored with the glue
       to touch) in an aluminum foil boat on the hot plate (setting 3).
       The temperature should be about 200C as measured by the small coil
       thermometer. Put a moderate chunk (about (1.5mm)3) of clear wax
       (quickstick) on slide – wax should melt rapidly.
     * 
       Bulk: Clean the bulk GaAs wafer in TCA then Acetone then Methanol
       ~3 minutes in ultrasound on 50% power for each (one beaker or use
       dedicated beakers for each solvent), blow dry. Beakers are labeled
       TCA1, ACE1 and METH1. The TCA waste is stored in a glass bottle
       with black tape around the cap labeled “used TCA”. The methanol
       and acetone can be combined in the beaker “solvent waste” then
       dumped into the larger waste container. Strained: The surface is
       clean, but I have been cleaning with all three solvents anyway
       since that is what Paul did.
     * 
       Set GaAs on cover slide over wax – when warm enough, glue should
       flow to edges. I typically press down with the tweezers spread out
       so that they touch just the edges of the wafer. Take aluminum boat
       off, ensure back is covered with glue, and cool.
     * 
       Attach cleaned o-ring to end of vacuum line, ensuring snug fit by
       pressing (pounding) against clean surface (clean foil rather than
       a wipe prevents fibers from sticking into the o-ring)
     * 
       Connect hose and turn on vacuum pump (if wand is wet, make sure to
       dry completely and get all liquid out of hose before starting –
       either blow nitrogen through or suck with the vacuum pump). Use
       valve on the wand to stop the vacuum. Center o-ring against the
       GaAs wafer. Do not reposition once contact is made since the
       contact with the o-ring leaves marks in the active area. Open the
       valve and pick up the wafer. Make sure that it is firmly attached
       by tapping all corners with tweezers before immersing it in the
       acid solution.
     * 
       Place GaAs in phosphoric acid, about 1-2 cm deep, and support
       holder with clamp. Do not put the GaAs in straight down – tilt as
       you go in to minimize the bubbles next to the o-ring. If there are
       still bubbles, use a clean plastic eye dropper to swish some
       liquid in and chase the bubbles away.
     * 
       Attach gold wires to ends of alligator clips by wrapping around
       jaw to hold securely. You can re-use old wires, but they need to
       be scraped clean if they no longer look shiny.
     * 
       Use 4 batteries chained together – this is 90V. Verify voltage if
       there is any doubt. Bring positive lead in contact with one corner
       of the GaAs wafer, then bring negative lead near another corner
       without making contact with the wafer. You should see bubbles
       forming at both leads and at the GaAs surface, and should see a
       color change begin to occur. Move both electrodes to other corners
       to grow a more even oxide
     * 
       When color is formed, remove assembly from phosphoric acid
       solution and rinse in water while still attached to the vacuum
       wand (in the DI/rinse beaker).
     * 
       Move the wand and wafer into the Methanol Rinse beaker and shut
       off the vacuum valve. The wafer should release into the methanol.
     * 
       Remove the wax and cover slide from the wafer in the Ace/Glue
       beaker. Use cycles of 3 minutes in the ultrasonic cleaner changing
       acetone between each time. Do 2-3 cycles until wafer comes free,
       then remove cover slide from beaker and do 2 more rinse cycles
     * 
       Do 3 x 3 minutes of rinsing in the Acetone beaker.
     * 
       Do 3 x 3 minutes of rinsing in the Methanol beaker.
     * 
       Turn on the nitrogen tank – the airstream from the gun is quite
       strong so YOU MUST HOLD ON TO THE CHIP WITH THE TWEEZERS WHILE
       BLOWING DRY or it will go flying. If you are using LN2 blowoff,
       shake the dewar to get adequate flow. Blow dry until there is no
       methanol on the wafer.
   Notes: Solvents should be dumped in proper dump container, and the
   phosphoric acid is dilute enough to dump down the drain with plenty of
   running water.
   Wafer is now ready for mounting on the stalk
   QUICK CHECKLIST
     1. 
       Make acid solution (3 drops acid/400 mL DI)
     2. 
       Set up hotplate, ultrasound, vacuum pump
     3. 
       Clean O-rings, tweezers, glassware
     4. 
       Set up beakers for solvents, solvent bottles (fresh), and solvent
       dumps
     5. 
       Solvent clean wafers (3 min TCE, 3 min ACE, 3 min METH, blow dry)
     6. 
       Glue wafer to cover slide with quickstick wax
     7. 
       Mount wafer centered on o-ring, submerge in phosphoric acid
       solution
     8. 
       Set up ~90V on gold wires held in electrodes
   +90V on wafer, ground near wafer
     9. 
       rinse in DI water then drop in meth/DI beaker
     10. 
       remove with acetone in ultrasonic (~10 minutes)
     11. 
       clean with fresh acetone (3X), methanol(3X), blow dry
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