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 Introduction 
The following pages provide step-by-step instructions for building a multi-electrode 
microdrive array for in-vivo physiological recording. Feedback is welcome. 

 Before You Begin…  
The first rule of drive building is to never ever EVER do it. Drive construction is one of 
the most frustrating, time-consuming, and eye-straining activities that you will ever suffer 
through. I highly recommend purchasing drives from 
some commercial supplier like the good people at 
Biosignal or Neuralynx.  
Unfortunately, purchasing a drive does not free you from 
assembling the parts, spinning tetrodes, loading 
electrodes, gluing, gold-plating and inevitably dropping 
the entire thing on the floor, irreparably bending every 
electrode, forcing you to start over. Before starting over, 
I find it helpful to lock myself into my car, roll up the 
windows and scream for 10 minutes. 
 

Why custom-build a drive at all? The main reason is flexibility 
and a close second is expense. For my research, I need to be 
able to have odd configurations of electrodes that can target 
multiple cortical regions simultaneously. I also like to have the 
capacity to change configurations easily, depending on my 
scientific whim. Commercial drives are typically designed to 
target a single location. These drives can sometimes be 
massaged to cover multiple regions, but it isn't easy. 
The drive described in the following pages is based on my 
personal experience gathered from working in the laboratory of 

Dr. Bruce McNaughton - a microdrive pioneer (The University of Lethbridge, Alberta). I 
also gained significant insights from Dr. Douglas Nitz (UC San Diego) and Michaël 
Zugaro (CNRS - Collège de France). The following design is an amalgam of ideas from 
these sources and a couple of useful and expense and time saving additions. Almost all of 
the parts for the drive can be obtained from your local hardware store and Small Parts 
Inc. (www.smallparts.com). The entire drive can be built for less than $100, minus 
perhaps $1000 in labor (you were warned, twice). Feel free to send me your own insights 
or 'best practices' regarding drive construction. I also would like to credit Glen Davis, 
Donald Hutson and Benita Ruder in San Diego as they have helped considerably with 
drive construction and with streamlining the process. 
 
Below is a summary figure that identifies the principal parts and configuration of a 
completed drive… 



 

Friendly plastic + epoxy wad that holds 
cannulae to drive 
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Shuttle:0-80 bronze  
hex nuts with flat brass base 

 

Top Down: 

This design works 
(used). Brown indicates 
cut circuit boards cut to 
protect drive and 
support EIBs.. 

 

Black tubing should 
extend 3mm when 
stereotrodes are 
fully extended. 

6mm 

 

FINAL CUT: When electrodes are FULLY RETRACTED, make the final cut 4mm from cannula end plus (+) any 
additional depth in which the arrays will be inserted during surgery. For dorsal cortical recordings (e.g. parietal ctx), the 
array is typically implanted 500uM into cortex at surgery (cut at 4.0+0.5 = 4.5mm).  ACC = 4.0 + 0.8 = 4.8mm; OFC= 
3.0+ 4.0 = 7.0mm; dHC (AP:-5.3) = 1.8+4.0 = 5.8mm; vHC (AP:-5.3) = 5.8+4.0 = 9.8mm. Recall that the plastic tubing 
sticks out 3mm from the cannula base,  so the 4mm has 1mm of play at full extension (so tubing does not go into the 
brain). 
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 Other Microdrive Construction Guides 
This is not the only how-to manual for drive construction. Much can be learned from the 
published methods listed below. 

Lansink CS, Bakker M, Buster W, Lankelma J, van der Blom R, Westdorp R, Joosten RN, McNaughton 
BL, Pennartz CM (2007) A split microdrive for simultaneous multi-electrode recordings from two brain 
areas in awake small animals. J Neurosci Methods 162:129-38 

Szabó I, Czurkó A, Csicsvari J, Hirase H, Leinekugel X, Buzsáki G (2001) The application of printed 
circuit board technology for fabrication of multi-channel micro-drives. J. Neurosci. Methods 105:105-110 

Tóth A, Petykó Z, Máthé K, Szabó I, Czurkó A (2007) Improved version of the printed circuit board (PCB) 
modular multi-channel microdrive for extracellular electrophysiological recordings. J. Neurosci. Methods 
159:51-56 

Yamamoto J, Wilson MA (2008) Large-scale chronically implantable precision motorized microdrive array 
for freely behaving animals. J. Neurophysiol 100:2430-2440 

 Step 0: What you will need... 

 Materials 
·  23G thinwall tubing is used as the electrode guide tube.� SOURCE: 

www.smallparts.com or use hypodermic needles. 
·  19½G tubing to hold and protect the electrode (it goes around the 23G 

tubing).� SOURCE: www.smallparts.com or use hypodermic needles. 
·  Rectangular or square brass tubing (1/2” wide, about ¼” width).� SOURCE: Ace 

Hardware: www.acehardware.com. Stock number 268 K and S Engineering 
Chicago: 3/16 x 3/8. 

·  0-80 screws 1/2 inch or longer either phillips or standard - your preference. These 
are fixed into the tubing (just spin) and push the electrodes.� SOURCE: 
www.smallparts.com Screws: S/S MACH SC 0-80x3/4 SL FILL, Part #: MX-
0080-12FL-C, pk/100. Ace hardware in Carmel Valley CA carries the 0-80 
phillips head screws (www.acehardware.com). I'm not sure if other Ace Hardware 
stores carry these items. 

·  0-80 brass nuts for locking the 0-80 screws in place. They used to be used as the 
moving nut, but in the end, circuit board was a better nut.� SOURCE: 
www.smallparts.com, Part #: HNB-080-C, Mer:019135-01, pk of 100. 

·  Thick uninsulated wire – 24 and 26 gauge. Any hardware store should have it. 
·  Superglue (thin, thick, and gel types are all useful). I also use zipkicker to speed 

up the gluing process.� SOURCE: (www.acehardware.com) 
·  Loctite 252 (blue or red)� SOURCE: (www.acehardware.com) 
·  5 minute Epoxy (regular and Gel)� SOURCE: (www.acehardware.com) 
·  Black polyamide tubing (Phelps Dodge) 
·  Blank circuit boards (Radioshack) 
·  Friendly plastic. SOURCE: 

http://www.jewelrysupply.com/craft_supply/friendly_plastic_sticks.html 



 Tools 
·  Dremel tool and either the collet or a dremel chuck (www.amazon.com) for 

holding the bits. 
·  Diamond or regular metal cutting disc blade fore the Dremel. (for cutting tubing) 
·  Small drill bits, size 53 and 54 (wire gauge) will do� SOURCE: Ace Hardware in 

the special drill bits box. (www.acehardware.com) 
·  Vice 
·  Diamond file or regular but very small file. 
·  Solder Iron, Flux, solder, small solder tip. 
·  3rd arm holders 
·  Microscope 
·  Small Phillips screwdriver 

 Making the Drive/Shuttle 
The first step in making a drive is to construct the shuttle/drive device that moves the 
electrodes (see photo). 

 Step 1: Drilling/cutting brass square tubing. 
Cut one side (the long side) off some brass channel tubing (I use a Dremel tool with a 
metal-cutting disc blade) and mark the location of your holes for the drive-screws (on the 
short edges). After marking the location of the holes, use a #55 drill bit or a surgical burr 
bit to drill holes in the brass channel tubing for the drive-screw. 
 
These holes must be perfectly aligned on each end. If the holes are not aligned, the drive 
screw will rest at and angle and the shuttle will either get stuck or wobble or spin. I use a 
micrometer to make the measurements. The distance from the base of the square tubing 
and the hole is critical as it determines the size of the shuttle. 

 Step 2: Making the shuttle 
The shuttle is essentially a nut that moves up and down the drive when the turning screw 
is spun. The nut itself cannot spin as the base rests against the brass square tubing. This 
forces the nut to go up and down instead of rotating. A schematic of a shuttle is displayed 
to the right. 
 
I've experimented with a couple of shuttle designs and I found two versions that work 
fairly well. The first version is made from standard circuit board material. The second 
version is made by soldering together two 0-80 nuts.� Version #1: To create the first 
version out of a circuit board, tap some of the holes in a standard circuit board with an 0-
80 tap (www.smallparts.com). The size of the shuttle depends critically on the distance 
between decide on some dimensions. The figure on the right shows dimension 'A' and 
dimension 'B'. Dimension 'A' is the distance from the center of the hole to the base of the 
shuttle (determined in the previous step). Dimension B is not that important as long as the 
shuttles from two adjacent drives do not bump into each other. I cut out the shuttle from 
the circuit board using the Dremel tool and a disc blade. 



Getting the cut just right is not easy and if anyone knows where to get pre-cut circuit 
board material, let me know. You can order laser-cut acrylic at www.pololu.com, but I 
found that acrylic shuttles fracture. 
 
Version #2: An alternative to the above procedure is to solder two brass 0-80 nuts 
together along with a piece of metal at the base to prevent the shuttle from spinning (see 
image on the left). I like this version as it's metal, and I really like metal. Metal strong, 
won't melt or dissolve in acetone, and it looks better. 

 Step 3: Insert the shuttle. 
Insert the drive screw in one end of the brass square tuning, connect the shuttle, and push 
the other end of the screw into the hole at the opposite end of the brass square. Put a 0-80 
brass nut at the end of the drive screw to lock it into place. Just tighten the nut enough so 
that the drive screw still spins easily but is not loose, then lock it into place with loctite 
252 (blue or red). 

 Step 4: Solder solid core (~23G) wire to back of d rive. 
Solder 2 lengths of solid core wire to the back of the drive. This will serve as 1) a way to 
clamp the drive in a stereotax, and 2) a surface to attach the cannula bundle (subsequent 
step). 

 Making and attaching the guide tube bundle 
Electrodes (connected to the shuttle) will be fed into guide tubes and the arrangement of 
these tubes determines what regions of the brain will be targeted. In the version of the 
drive that is being described, a linear arrangement of guide tubes is created by soldering 
three 23G cannulae together (see figure to the right). Note: I wrap some fine solid core 
copper wire around the tube before soldering to give the solder something to grab on to 
(stainless steel tubing is difficult to solder). Cut the tubing so that the guide tube bundle is 
approximately 3cm long. The solder that fuses the tubes together should be placed about 
4mm from the bottom (brain side) of the bundle. 

 
Once the bundle has been constructed, the individual cannulae need to be gently pulled 
apart and bent so that they can be connected with each individual drive. I just bend the 
tubes with my fingers. The bundle can be attached to the drive using Friendly Plastic. The 
Friendly Plastic can be wrapped around the thick solid core wire that was soldered to the 

Solder and wrapped 
wire 

Tape 

Circuit board 

Cannulae 

Cut here when done 



back of the drive array. I also put some epoxy on the drive for good measure but it's 
probably unnecessary (see image to the left). 
Once the bundle is in place, it's time to glue the 19.5G tubing 

to the shuttle (see below). The 19.5G 
tubing is used to connect the electrode to 
the shuttle and protect the electrode and 
guide it into the guide tubing. I use epoxy 
to glue the 19.5G tubing to the shuttle. 
Load black plastic tubing (Phelps Dodge) 
into the guide tubes so that it sticks out 1.5 
cm from the bottom of the guide tubes 
when the shuttles are turned all of the way 
down. The only important rule is that you 
don't want the black plastic tubing to enter 
the brain when the electrodes are turned 

all of the way down. 
 
 

 Loading electrodes into the drive 
This final procedure assumes that you have already manufactured your electrodes, 
stereotrodes or tetrodes and connected them to your electrode interface board (EIB - 
Neuralynx terminology). The EIB will depend on the particular recording system that you 
are using. You can make your own EIB. I have used expresspcb.com. 

 Loading Steps: 
1. Pre-tin each hole in the board and clean again. 

Clean the circuit board thoroughly with alcohol! 
Any residue from the solder flux can cause BIG 
problems. I’ve had entire drives short out due to 
solder flux residue. 

2. Solder the electrodes to the EIB. We have found it 
easier to connect all of the electrodes to the board 
before putting them into the dive. 

3. Load the electrodes into this tubing. Glue to the 
back end of the tubing with superglue.  

4. Load the electrode bundles into the black tubing 
connected to the shuttles (see image). Once all of 
the electrodes are inserted, gently pull the electrodes 
and lower the EIB until the EIB is about 7mm 
above its final resting spot on the drive. Retract all 
legs and glue the electrodes to the black tubing. 
Once the glue is dry, lower the EIB the rest of the 
way and epoxy the EIB to the drive. 



 Final Cut and Gold Plating 
Make the final cut. When you perform the cut (using ultra sharp surgical scissors) make 
sure that the electrodes will stick out at least 4mm from the bottom of the drive. This may 
seem crazy, but the extra space allows you to be far more precise when positioning the 
wires, allowing you to physically guide the wires to the correct spot with a pair of 
forceps. During surgery, you will coat the electrode bundle with a generous amount of 
antibiotic ointment. This will protect the bundle from dental acrylic and prevent brain-
goo from traveling into the cannulae and clogging your electrodes. 
 
 



 
 

 Appendix/Reference Material 

 Cannulae Outer Diameter Translation Table 
20G = 900uM 
21G = 850uM 
21G TW = 810uM 
21 ½G = 810uM 
22G = 770uM ?? (I need to test this.). 
23G = 640uM 
25GTW = 510uM 
26G = 480uM 
 

 Fitting Guide 
21½G fits over 25G 
21G fits over 24G 
22G fits over 
23G fits over thick silica tubing. Fits over black polyamide – just right. 
24 and 25G fits over Black polyamide (just barely – doesn’t move well) 
 

  
Figure 1 Bundle configuration and measurements 



  
 

 Cannula Bundle Configurations  

 

 

21 G SS Fixed cannula (2.5cm) 
 
Empty silica tubing (can stick out 
past black polyimide to guide 
electrodes) 
 
Up to 4 STs (at least 10cm) 
 
Black polyimide tubing* (4cm) 

The silica tubing (75uM ID) is for stiffness and to guide the array 
out of the bundle as the black polyimide is too flexible. 
NOTE: If more than 4 STs then you probably don’t need the 
silica as the array should be stiff enough without it. 

21 G SS Fixed cannula (2.5cm) 
 
24 or 25 G TW cannula (1cm) 
 
Black polyimide tubing* (4cm) 
 
Up to 5 STs (at least 10cm) 
 

Cannula Bundle (Nitz Way 3) 

*Phelps Dodge Polyimide .0095” ID, .0115” OD. (PHEL-008) 

This works as long as the silica is about 100uM ID for stereotrodes. Standard 75uM silica is too small 

21 G SS Fixed cannula (2.5cm) 
 
Silica Tubing 
 
Up to 8 STs (at least 10cm). 
 
 

Cannula Bundle (Cowen Way 2) 



  
1. Constructing the bindle: For a triangle, bind the end (but about .5cm from end) 

with thin wire. Solder the wire and cannulae together. Pull the cannulae out so 
that they fit divits that you make in the brass array. Solder the cannulae to these 
divits. 

 Other Images 

 
Early ghetto version. 

 
Single long travel drive for deep structures. 



 General Notes and Words of Advice 
·  Don’t use Ace Hardware Gel epoxy (5 min 2 ton). It gets rubbery and weak over 

time. It resulted in me inadvertently pulling off an electrode interface board (EIB) 
from an implanted animal, thus ending my experiment. Dental acrylic is stronger, 
better for connecting the EIB.  

  


