Protocol for making Chronic Dual Tetrode Driveable Kubie (1984) electrode variant

Version 1.3

Edited and expanded by Tres Thompson, Ph.D.

Adapted from earlier versions by Chase Lay, UTD and “Weird” John Mankiewitz, UVa

Introduction


The finished electrode assembly consists of two floating microwire tetrodes supported with a guide cannula, mounted on a miniature connector integrally surrounded by a tripodal Z-axis microdrive.  This protocol takes you through all steps of electrode preparation; others will cover surgery and post-op rat care and chronic recording procedures.  When using these protocols, make sure you have everything  you’ll need before beginning, that you understand the procedure and the rationale behind it, and that you follow all safety procedures (for your own sake)!\


When possible, use a stainless steel tray to work on; parts that are dropped can not roll away, and can be more readily found than on a cluttered work bench.  Each section below lists materials, tools, and equipment (including safety equipment) needed for each procedure, the time it should take you to finish the procedure when you become proficient, and the purpose for carrying our each of the procedures described.  Using this protocol, you should rapidly become hand-to-eye coordinated!  Total assembly and testing for a single electrode takes about 2 hours.  You can use your time more efficiently in several sessions working on a batch of parts, proceeding in sequence through the steps below to produce a finished batch of 6 to 10 electrodes at a time.

1: PREPARING THE AUGAT CONNECTOR FOR USE


Materials:

12-pin Augat 8058-1G34 connectors (vendor varies)





Beeswax


Tools:


pin extractor tool





Punch drill starter (or sharp finish nail)





#54 drill bit





Wooden Augat holder





Needle nose pliers (optional)





Toothpicks


Equipment:

drill press





safety glasses





electrode parts box


Time Required:
< 5 min per Augat connector

Purpose:  You will be adding a new pin to the Augat connector for attaching the cannula at a later point.  This pin will also serve as an indifferent or ground connector for chronic recordings.

•
Begin by using the pin extractor tool to remove all 10 gold connector pins from several Augat connectors.  Be careful: the gold pins are fragile and if they are dropped or if they bounce away, the pins are easily lost.  Save the pins in the electrode parts box for reuse.  * Note: the Augat connector “blank” is made of coated Teflon, insulating the pins from each other.  One side is pre-marked, and will serve as the female side of the connector.  


•
You must dent-mark the exact center of each Augat blank with a punch drill starter, which makes the drilled hole more precise for later connections.  The starter has a sharp point: place it against the blank and tap the other end once (moderately) with a hammer.  SAFETY NOTE: Wear safety glasses, and avoid poking yourself.  


•
Insert the drill into the drill press, tighten the chuck that holds the bit securely, and cycle the drill press on and off to verify that the bit is straight and perpendicular to the stage.  Place an Augat blank into the prepared hole in the wooden holder, and place the holder on the drill press stage.  Adjust the stage as needed so that the mark on the Augat is close to the drill bit’s tip, in all three (X-Y-Z) axes.  SAFETY NOTE: Wear safety glasses, and be sure loose clothing and/or hair don’t intersect with the drill while using the drill press.


•
Turn on the drill press, verify that it is turning freely, and drill a hole through the center of the Augat blank.  Turn the drill press off.


•
Repeat for all blanks that need to be drilled, storing them in the electrode parts box.


•
Remove the drill bit from the drill press.


•
Insert one gold pin into the newly drilled hole, using the pin extractor tool.  Reinsert 8 more gold pins around the perimeter of the Augat blank (insert 4 perimeter pins, leave 1 empty, insert 4 more.  NOTE: The needle nose pliers may help with final manipulation of the pins, pressing only on the blank and the female end of the pin.  Remember, the small portion of the pin is important, is fragile, and can break off!


•
Use a toothpick to fill the 2 empty holes in the Augat blank with beeswax.


•
Use a toothpick to fill the 2 empty holes in the Augat with beeswax.


•
Put away all tools used, and store the improved Augat connectors for later use.  Save the extra gold pins for later use as well.  

2: MAKING THE CANNULA TUBING

Materials:
27 gauge thin-wall stainless steel tubing (Small Parts)


Sandpaper (brown) or emery cloth (black)


40 mm lengths of 0.01” stainless steel cleanout wire (Small Parts)

Tools: 
Metric ruler


Carbide cutting discs


Sharpening stone or hone


Insect pins




Needle nose pliers (optional)

Equipment:

Moto-tool (Dremel or Craftsman)




Cannula cutting template




Safety glasses




Dissecting microscope




Dual-alligator clip parts holder




Electrode parts box

Time Required:
< 15 min per cannula

Purpose:  The cannula protects and supports the fine microwire electrodes, allowing them to penetrate below the pial surface of the brain for implantation in the region of interest.  It must be straight, of the correct length, with no rough edges to abrade the electrode insulation.  

•
Using a Dremel tool with a carbide cutting disc attached, cut 20 mm pieces of tubing securely held down in the cutting template.  Use a moderate cutting speed to avoid melting the tubing, and cut perpendicular to the length of the tubing.  SAFETY NOTE: Wear safety glasses, and always work in the shop room.  Use caution, as the cutting discs are brittle, and will shatter if used too forcefully (in which case sharp fragments fly).  Loose pieces of tubing can also be thrown from the blade when cutting, so use the template to securely hold the tubing in place. 

•
After cutting the tubing, use fine grit sandpaper or emery cloth to remove the larger burrs from both ends of the tube.  When sanding, do not use much force; simply drag the tube across the sandpaper lightly.  Needle nose pliers are handy to hold the tubing.

•
Secure the tubing in the alligator clip holder, and examine the ends under the dissecting scope.  If the burrs are removed, the cannula is smooth on the inside and outside, with the lumen (inside opening) fully exposed.  [If not, try sanding lightly again.]  Take an insect pin and widen the lumen a bit, by gently pushing the pin into the end of the tubing.  

•
Now take a length of cleanout wire, insert it into the tubing, and push it all the way through.  If it moves out the other end freely, but fits into the tube well, then you are ready to move on.  If it doesn’t come out the far end, try a smaller wire first, and then work up to the larger size.  When working the cleaning wire into the tube, do it in short increments, (a few mm at a time).  If you more too much at once, you will bend the wire or the cannula.  


Chase’s Law: USE YOUR BRAIN AND INTUITION ABOUT THE PHYSICAL PROPERTIES OF THE MATERIALS YOU USE.

•
Next, use a sharpening stone to finely buff the ends of the tubing.  Leave the wire in the tubing, flush with the end you are smoothing, and make 5 to 7 careful but reasonably firm circles or figure eights on the stone, no more.  Now push the cleanout wire through this end; you will see dark grit on the end of the wire when pushing it out.  Repeat 2 to 3 times for both ends of the cannula or until the cannula is very smooth and the lumen (examined under the microscope) is completely clear.  If you make too many circles at once, you will irreversibly pack the grit into the tubing and ruin it.  NOTE: Turn off the microscope light source after using!

•
Lightly sand the final 3 mm of one side of one end of the tubing (this will be your attachment pint in the next procedure), by gently rubbing this end of the tubing against the sandpaper once or twice.  NOTE: Be gentle—you could bend the tubing or break through its then walls with too much force used here!

•
Store the completed cannula in the electrode parts box, put away all tools, and clean up.

3: SOLDERING THE CANNULA TO A GOLD CONNECTOR PIN


Materials:



Cannula (from Step 2)







Gold pin (from Step 1)







Rosin-core solder







Acid flux







ddH2O, in squeeze bottle


Tools:



Small diagonal-cutting pliers







Needle-nose pliers







Toothpicks







Solder removal tool (optional)


Equipment:


Soldering iron







Dual-alligator clip parts holder







Electrode parts box


Time Required:


< 10 min. per cannula


Purpose:  To physically join the cannula to the Augat connector, by soldering the two together.  Since the cannula will support the electrodes in the brain and also serve as a ground, it must be mechanically as well as electrically stable.

•
Preheat the soldering iron to 650°F, and wet the sponge on the iron’s holder.

•
Clip off half of the small end of the male end of the gold pin.

•
Mount the pin and cannula so that they are touching softly (flush with one another) and are parallel to one another in the alligator clip mounts.  About 3 mm of the cannulae should overlap the body of the pin.

•
Apply acid flux to the sanded end of the cannula, but not into the lumen.  NOTE: Acid flux is used to microscopically etch the stainless steel tubing, improving the bonding between the lead/tin solder and the steel.  Gold readily bonds, and does not require etching.

•
Using the soldering iron, heat the cannula and the pin, and apply a small amount of solder until it melts.  Gently pull the tip of the soldering iron away, allowing the solder point to cool for 10 sec or so without physical disturbance.  NOTE: If too much solder is used, it can inhibit later construction steps.  Remove excess by heating, and sucking it off with the removal tool.  You may have to suck it all off and start again. NOTE:  If the solder doesn’t melt readily, clean the tip on the wet sponge and tin the tip with solder until it is bright silver colored.  Tinning protects against oxidation of the tip, which insulated it and reduces heat transfer.  Wiping the tip too often on the sponge encourages oxidation.  SAFETY NOTE: The soldering iron tip is very HOT!  Don’t touch it, or set it anywhere but on its stand!!

•
When cooled, check to see if the body of the pin and cannulae are parallel.  Also, test the strength of the solder joint by gently pulling on the tubing to see if it comes off the pin.  The two must be securely joined together.

•
Store the completed cannula assembly in the parts box, turn off the soldering iron, put away all tools, and clean up.

4: PREPARING THE TETRODE MICROWIRES


Materials:



25 μm Formvar-insultated Nichrome wire (vendor?)







Tape







Clear acrylic nail polish


Tools: 



Paper clip, or similar instrument







Scissors







Ruler







Toothpicks


Equipment:


Electrode parts box


Time Required:


< 5 min per tetrode


Purpose:  The tetrode wires will be implanted into a rat’s brain, and serve as high impedance conductors to carry extracellular signals (approximately 100-200 μV in amplitude) from individual neurons or groups of neurons to the recording amplifiers.  The tetrodes must remain insulated from one another, and from the extracellular environment (except at the working end, the very tip of the microwire).

•
Remove the Nichrome wire from its protective case, and locate the end taped to the spool it is stored on.  Cut two pieces of Nichrome wire about 4 inches long each.  IMPORTANT NOTE: Retape the end of the wire to the spool, and return the spool of wire to its protective case after each and every use.  It can be easily damaged by mishandling!

•
Take a 2 inch length tape, and place one end of each wire against the sticky side, beside each other, so that about 1 cm of the wires is stuck to the tape.  Loop both wires, and attach their other two ends to the tape in the same spot.  Fold the loose end of the tape over, covering the sticky surface.  You should now have two loops of wire, suspended from a piece of tape.

•
Take the ends of both loops (the ends away from the tape), and twist them once or twice by hand, forming a double twisted circle about 1/2cm in diameter at the end away from the tape.  These circles will be used later to form electrical contacts with the perimeter gold pins of the Augat connector.  Using a toothpick, apply the smallest drop possible of clear nail acrylic to the point where the wires intersect from twisting.  Blow gently on the acrylic and set aside until dry.  

•
Now hang a paper clip (or something of equivalent mass) on the loops of wire above the acrylic, and hold the other end of the wire by the tape, so that the paperclip0 dangles from the bottom.  Gently spin the paperclip repeatedly.  The goal is to twist the four wires (two in each loop) together tightly, at a rate of about 50-80 turns/inch of wire.  Maintain even downward tension (gravity should suffice) on the paperclip to prevent kinking or tangling of the wires while twisting. 

•
The paperclip should easily slip out of the small loops formed between the acrylic between the acrylic and the twisted wire.  The wires should stay together, and not unravel or kink.  Trim the tape off the ends of the twisted tetrode.  NOTE: If they unravel, you have spun the wire too little; if they kink, you may have spun too much.  Getting it right takes some degree of skill and finesse.

•
Carefully store the tetrode in a safe place in the electrode parts box.  Repeat the steps above to form at least one more tetrode for stuffing through the cannula.  NOTE: The tetrodes are easily bent or the insulation is easily damaged by the tools.  They are very light and easily lost.  Handle them gently.

•
Put away all tools and materials used, and clean up.

5: STRIPPING AND STUFFING TWO TETRODES THROUGH THE CANNULA


Materials:




Tetrodes (from Step 4)








Cannula (from Step 3)








Kim wipes








PE 20 tubing


Tools:




Dumont forceps (fine tipped)








Scissors








Alligator clip parts holder








Lighter


Equipment:



Alcohol burner








Electrode parts box








Dissecting microscope


Time Required:



< 10 min total


Purpose:  The fine microwire tetrodes can readily move with small pulsations of the brain, improving the ability to isolate and hold individual neurons for long periods of time.   The cannula surrounding them damps out lateral movements and allows deep penetrations below the brain’s surface, effectively joining the advantages of rigid electrodes to those of floating electrodes.

•
Pick up a tetrode with the Dumont forceps, and carefully separate the two loops of wire below the dot of acrylic (the ½ cm circles formed by hand earlier).  NOTE: The Dumont forceps tips can be easily damaged if bumped if bumped against a hard surface or dropped; always keep the protective guard of the tips when not holding them.  Avoid applying excess force to the wires; gently treatment will avoid damaging the insulation.  

•
Light the alcohol burner.  Burn the coating off of the distal ends of these loops by very quickly passing JUST THE LOOPS over the flame.  They should turn red.  Wipe the ash off tenderly on a piece of Kimwipe.  Extinguish the alcohol burner.

•
Examine the flame-stripped wires under the dissecting scope.  The stripped portion should appear bright and shiny; the remainder of the wire must remain insulated with dull brown Formvar varnish.  If not shiny for 4-10 mm, repeat flaming.  If not dull brown over the rest of the loop or the twisted wires, discard and try another tetrode.

•
Repeat these last 2 steps until you have a least 2 stripped tetrodes ready for stuffing.

•
Place a 1 cm long piece of protective PE tubing over the end of the cannula away from the gold pin.  This is to protect the ends of your electrode wires while you work.  

•
Mount the cannula in the alligator clip parts holder, gold pin end facing upwards.  Place it under the dissecting scope, and adjust the microscope to view the lumen of this end of the cannula.

•
Using the Dumont forceps, insert the cut end of a tetrode into the lumen.  The looped ends will thus be upwards, ending up on the gold pin side when finished.  Insert only a few mm of tetrode at a time; pushing gently, and gravity will assist you in stuffing the tetrode through the cannula and out the other end.  

•
Repeat stuffing the second tetrode through the cannula.  Pull gently on the ends of the tetrodes extending through the PE tubing until the acrylic dot is lodged against the lumen opening.  Store the completed dual tetrode assembly in the electrode parts box.

•
Turn off the light source for the microscope.  Put away all tools and materials used, and clean up.  

6: MOUNTING AND CONNECTING THE TETRODES TO THE AUGAT


Materials:




Prepared Augats (from Step 1)








Stuffed dual tetrode assembly (Step 2)








Kimwipes








Colloidal silver paint (EM Suppliers)








Cotton applicator swabs


Tools:




Dumont forceps (fine tipped)








Fine scissors








Toothpicks








Scalpel with #11 blade


Equipment:



Wooden Augat holder








Vortexer








Stir plate







Small stir bar







Electrode parts box







Dissecting microscope


Time Required:



< 15 min per electrode


Purpose:  The microwire electrodes must be electrically connected to the Augat connector’s pins, to ensure signal continuity.  No electrical shorts must occur between electrodes or to ground, or the assembly will not yield usable data.

•
Make sure a small stir bar is in the bottle of colloidal silver paint (it separates when not stirred, into a layer of silver on the bottom and solvent on top).  Vortex the bottle until the silver is will suspended and evenly mixed.  Continue stirring the mixture on the stir plate while working.

•
Mount the stuffed cannula onto the center pin of the Augat, making sure the free loops of wire are not crushed and are accessible.  Spread the loops gently, two (from one tetrode) toward one set of 4 perimeter pins, two (from the other tetrode) toward the other set of 4 perimeter pins.

•
Place the Augat into the wooden Augat holder for stability, and place the PE tubing upwards under the dissecting scope.  Adjust the microscope so that you can easily visualize the loops of wire and the perimeter pins of the Augat.

•
Snip one loop from one of the tetrodes, in the middle of the stripped (shiny) area.  Grasp one end of one single wire and wrap it around a gold pin 3 or 4 times.  Hold it in place using the forceps.  NOTE: Don’t use too much force; you can break the wires or unstuffy them!

•
Affix the wire to the pin by applying a small drop of silver paint to the wire/pin junction with a toothpick.  Apply the drop to the top of the pin; it should run down the sides to the bottom.  NOTE: Be careful not to apply too much!  The paint should NEVER SHORT between pins.

•
Blow on the paint, and allow drying for about 30 seconds.  Release your hold on the wires (release the forceps), and verify visually that they do not unwind.

•
Repeat the preceding steps seven more times, until all eight individual wires are connected to their own individual perimeter gold pins.

•
Turn off the light source for the microscope.  Turn off the stir plate.  Put away all tools and materials used, and clean up.  

7:  ELECTRICALLY TESTING THE TETRODES BEFORE POTTING THEM


Materials:




Saturated saline solution








5 ml beaker








Dual-tetrode Augat assembly (from Step 6)


Tools:




pen or pencil


Equipment:



Electrical multimeter








2 test leads








Indiv. labeled electrode storage container


Time Required:



< 5 min


Purpose:  This is your last chance to correct errors that will affect the electrical characteristics of the electrode. After the next assembly step, the entire assembly must be discarded if something is wrong.  At this point, the electrode can still be disassembled, and parts reused to build a batter electrode.  

•
Turn the multimeter on, set it to measure KΩ, and attach the 2 test leads to the positive and negative test terminals.

•
Place the bare ended lead into the saturated saline solution in the small beaker.  Connect the lead with the gold male pin connector to the center (ground) connector on the Augat.

•
In your laboratory notebook, record the date and time, assign the electrode a unique number, and enter the following labels in a horizontal column: ground (short); 1; 2; 3; 4; 5; 6; 7; 8; ground (continuity).

•
Immerse the tips of the wires sticking out of the PE tubing into the saline.  Record the impedance value observed in your lab notebook, under ground (short).  NOTE: Be sure just the tips of the wires touch the solution, and not the PE tubing.  The electrode successfully passes this test if the impedance observed is infinite (or at least an order of magnitude higher than all other readings obtained later).  EXPLANATORY NOTE:  This test can typically only be done once for any given electrode assembly, since subsequent testing carries saline solution into the cannula and/or PE tubing, forming salt bridges which will give false results for later testing.  Be very careful!

•
Immerse the electrode and cannula into the saline solution so that the entire PE tubing is immersed by the painted connector is dry.  Sequentially connect each peripheral pin on the Augat to the meter, and record the values observed under 1 – 8.  These are the electrode impedances for each microwire.  The electrode successfully passes this test if most wires have impedances of < 10 KΩ; the more with similar values, the better.  A true tetrode has all four wires with roughly matching impedance.  If too many wires are poor conductors, the electrode must be pulled apart, and the cannula and Augat reused.  

•
With the electrode still immersed in the saline solution as in the last step, reconnect the test lead to the center pin of the Augat to test for continuity of the ground cannula.  Record the value observed in the final column.  The electrode successfully passes this test if the impedance is similar to or less then observed for the microwire electrodes.  NOTE: This is a physically different test than the short test.  Why?

•
Turn off the meter (or switch it to a setting other than impedance).  Put away all tools and materials used, and clean up.

8: POTTING THE ELECTRODES TO PRETECT AND INSULATE THEM


Materials:



Pretested dual-tetrode Augat assembly (Step 7)







Dental acrylic powder







Dental acrylic solvent







Paper towels


Tools:



Spatula







Flexible mixing bowl


Equipment:


Fume hood







Tray







Electrode potting mold


Time Required:


> 2 hours


Purpose:  Now that so much effort has been devoted to making an electrically functional electrode, it needs to be strengthened to protect it from the abuse of chronic implantation and insulated to prevent future electrical shorts caused by movement or fluid exposure.

•
Place the electrode potting mold on some paper towels atop a stainless steel tray in the fume hood.  The molds are the same diameter as the Augat connectors, and are made of silicon rubber affixed to a glass slide.

•
Gently push the Augat assembly down into the mold, so that the connector side is flat against the glass.  Don’t disturb the microwires or the cannula.  Turn the fume hood on.

•
Make about a 50/50 mixture of dental acrylic and solvent in the mixing cup under the fume hood.  Stir vigorously for at least 1 min.  The viscosity should be such that the solution drips and spreads well but doesn’t pour like water.  If it is too gummy, discard it and make a new batch.

•
Drip the acrylic into the mold, covering the pins and wires completely and covering the soldered junction between the cannula and the gold pin.  Allow to dry for at least 2 hours.  

•
Turn off the fume hood.  Remove the potted electrode from the mold.  Store the electrode in a labeled container.  Put away all materials used, and clean up.  

9:  PREPARING MICRODRIVE SCREW BEARING SURFACES


Materials:



5/8 X 1-72 stainless steel machine screws (small)







3 mm wide strips of emery cloth


Tools:



Round file (optional)







Razor blade


Equipment:


Moto-tool (Dremel or Craftsman)







Safety glasses







Bench vise


Time Required:


< 1 min/screw


Purpose:  Each screw when rotated one full revolution moves up or down in a threaded surface 1/72” (about 330 μm).  A bearing surface needs to be machined below the head of the screw so that the electrode travels along with the screw as it rotates.  

•
Prepare strips of emery cloth by slitting one edge of the sanding cloth with a razor blade and tearing it into strips.

•
Mount the Moto-Tool securely in the bench vise grip (use cardboard or plastic shields on the vice jaws to avoid cracking the casing of the Moto-Tool).

•
Mount a screw, head outwards, in the chuck of the Moto-Tool, and tighten securely.

•
Turn the Moto-Tool on at ¾ speed, and hold the abrasive surface of the emery cloth against the shaft of the screw.  As the screw turns, you will sand away the top 3-4 threads on the screw, forming a concave bearing surface.  Continue sanding until the bearing surface is shiny and very smooth.  Caution: sanding too vigorously will break off the screw head.  NOTE: A small file, a screw, or other implements can be held behind the emery cloth to speed the process.  SAFETY NOTE: Always wear eye protection!  Turn the Moto-Tool off to inspect and/or remove screws.

•
Repeat until you have sufficient screws.  You will need 3 with matching bearing surfaces (length of bearing = amount of threads removed).

•
Store the screws for later use.  Put away all materials used, and clean up.  

10:  ASSEMBLING THE MICRODRIVE AND ELECTRODE ASSEMBLY

Materials:



Pretested dual-tetrode Augat assembly (Step 8)







Dental acrylic powder







Dental acrylic solvent







Paper towels







Beeswax







3 matching bearing surfaced screws (Step 9)


Tools:



Spatula







Flexible mixing bowl







Felt tip pen







Jeweler’s screwdriver







Carbide cutting discs


Equipment:


Fume hood







Tray







Electrode potting mold







Moto-Tool (Dremel or Craftsman)







Bench vise







Safety glasses


Time Required:


3-5 hours (lots of drying time)


Purpose:  This step determines the final physical configuration of the electrode that will be implanted on the rat’s head.  The spacing of the 3 screws will determine where the electrode can be implanted, so some preconsideration is needed.  In rats, the hippocampus occupies a large volume bilaterally, but placements 33 mm lateral and 3 mm posterior to bregma lie over the dorsal hippocampus.  The cannula and tetrodes are not centered on the Augat connector, but slightly offset to one side.  This side should face the midline, with 2 of the 3 microdrive screws along this medial edge.  The 3rd microdrive screw then occupies a position along the lateral side of the electrode.

•
First, lay out the components (Augat assembly and 3 screws), top side down, on a flat surface on top of a piece of paper towel.  Rearrange them as needed until a satisfactory configuration is found.  The screws can touch the Augat, but not each other.  Remember that an equilateral triangular would have the best stability, but in practice rarely fits.

•
Use the felt tip pen to mark the location of each component on the paper towel (a permanent template could also be employed).

•
Rub the heads of the screws on the beeswax so that the groove in the head becomes full of wax.

•
Put the template down on a stainless steel tray in the fume hood.  Place the mold over the template (clean if necessary to sit level with good viewing).  Place the components so that they are level and in the correct orientation.  Turn on the fume hood.

•
Make a thin 40/60 mixture of dental acrylic powder/solvent in the mixing cup under the fume hood.  Stir vigorously for at least 1 min.  The viscosity should be such that the solution drips and spreads like water.  If it is too gummy, discard it and make a new batch.

•
Pour a then layer of the acrylic into the mold, joining the screws and Augat together.  Be careful not to bump or displace components.  Allow to dry for at least 1 hour.

•
Continue mixing and pouring additional then layers of acrylic into the mold, building up a few millimeters at a time, until the bearing surface of the screws is completely hidden.  Allow to dry for at least 1 hour between layers.  NOTE: A layer poured 6 mm thick will dry to one less than 3 mm thick.  Avoid pouring acrylic on the threads of the screws, or onto the tetrode assembly.  

•
Turn off the fume hood.  Remove the potted electrode from the mold.

•
Insert the blade of the jeweler’s screwdriver into the wax filling each screw’s slot, and rotate the screws.  Verify that they rotate freely without wobbling or moving up and down.  NOTE: Individual screws can be cut off with a cutting disc, and replaced.  If all screws are improper, remove them and try this step again.

•
With the Moto-Tool mounted in the bench vise and fitted with a cutoff disc, trim excess plastic off the perimeter of the electrode assembly.  A generally triangular, small assembly is your desired goal.  Leave at least 2 mm of plastic around the outside edge of each screw, for stability.  SAFETY NOTE: Always wear eye protection!  Turn the Moto-Tool off to inspect your progress.  You can hold the Moto-Tool and electrode by hand, if you are skilled.

•
Label the finished electrode with the felt tip pen, and store it in a labeled container.  Put away all materials used, and clean up.

11: FINAL TESTING AND IMPLANTATION PREPARATION

Materials:



Electrode assembly (from Step 10)







Saturated saline solution







5 ml beaker







Amphenol plastic strips


Tools:



Pen of pencil







1/72 tap and handle







Carbide cutting discs







Needle nose pliers







Metric ruler







Jeweler’s screwdriver


Equipment:


Electrical multimeter







2 test leads







Moto-Tool (Dremel or Craftsman)







Bench vise







Individually labeled electrode storage container







Laboratory notebook


Time Required:


< 5 min

Purpose:  This is the final assessment of the electrical and physical characteristics of the electrode.  If something physical is wrong, the microdrive can still be cut off and replaced.  If something electrical is seriously wrong, all the preceding effort is wasted.

•
Turn the multimeter on, set it to measure KΩ, and attach the 2 test leads to the positive and negative test terminals.

•
Place the bare ended lead into the saturated saline solution in the small beaker.  Connect the lead with the gold male pin connector to the center (ground) connector on the Augat.

•
In your laboratory notebook, record the date and time, assign the electrode a unique number, and enter the following labels in a horizontal column:  ground (short); 1; 2; 3; 4; 5; 6; 7; 8; ground (continuity).  

•
Immerse the tips of the wires sticking out of the PE tubing into the saline.  Record the impedance value observed in your lab notebook, under ground (short).  NOTE: Hopefully a value higher than the other values observed will be obtained.  Explanatory note: Salt bridges and other artifacts can foil this test, so it is not critical.

•
Immerse the electrode and cannula into the saline solution so that the entire PE tubing is immersed but the painted connector is dry.  Sequentially connect each peripheral pin on the Augat to the meter, and record the values observed under 1-8.  These are the electrode impedances for each microdrive.  The electrode successfully passes this test if most wires have impedances of < 10 KΩ; the more with similar values, the better.  A true tetrode has all four wires with roughly matching impedance.

•
With the electrode still immersed in the saline solution as in the last step, reconnect the test lead to the center pin of the Augat to test for continuity of the ground cannula.  Record the value observed in the final column.  The electrode successfully passes this test if the impedance is similar to or less than observed for the microwire electrodes.

•
Turn off the meter (or switch it to a setting other than impedance).  Set the electrode safely aside.

•
Take a length of Amphenol strip, and insert the 1/72 tap into the first hole in it (from either end of the strip).  Turn the tap handle slowly clockwise until the tap bites into the plastic.  Continue turning, keeping the tap parallel to the hole, until the tip of the tap emerges from the other side.  Turn the tap handle counterclockwise to remove the tap.  

•
Continue tapping every other hole in the Amphenol strip.

•
Hold the strip securely at one end with the needle nosed pliers.  Using the Moto-Tool mounted in a vise fitted with a cutting disc, cut between each tapped hole (i.e. cut through the untapped holes).  You will produce a number of tapped plastic blocks, or standoffs, which will eventually be cemented to the rat’s head.  SAFETY NOTE: Always wear eye protection!  The plastic standoffs can fly away, so be observant.

•
Continue using the Moto-Tool to cut at right angles across the hole, so that the finished height of the plastic standoff is 1 cm.

•
Place one plastic standoff on the end of each screw on the tested electrode, and use the jeweler’s screwdriver to drive the screw down into the standoff approximately 3-4 mm.  Adjust all of the screws so that the standoffs are the same height with a flat surface facing the Augat connector.  Align the slots of the screws of the female side of the connector so that they are all in the same orientation, to ease calculations, of electrode tip depth when the electrode assembly in implanted and in use.

•
Store the electrode for use.  Put away all tools and materials used, and clean up.

