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Figure 8: Twister3 assembly.

1.

©w

Screw together the large, 1.5" diameter mounting posts and then screw this long post into either the left
or right side of the optical bread board. Mount the stock spool assembly in on the opposite side of the
optical breadboard using a M6 screw. Its exact position does not matter.

Mount the feeder assembly on the post using the post mounting clamp on its back.

Mount the rotor assembly directly in front of the post, as close as it will go, using 3 M6 screws.

. Mount the wire guide assembly into a position that is in close proximity to the motor assembly using a

single M6 screw. The tip of the wire guide should be able to extend into the center grove of a wire bobbin
when it is mounted on the rotor bases for wire reloading.

With the wire-clip mechanism installed, slide the adjustment plate around until the motor axis of rotation
(dotted black line) is precisly in line with the wire bundle (red lines). When properly aligned, the apex
of the wire bundle will appear motionless during motor turning.
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4.2 Control Electronics

The control board is comprised of the following blocks: power regulation, motor-driver, microcontroller,
and user interface (Fig. [2] (A)). Wherever possible, we used pre-assembled modules (microcontroller,
motor driver, and LCD display). The bill of materials for this board is shown in Table Printed

circuit board designs and Gerber files are available on the Twister3 repository[r_ZL

5 Discussion

There are several device options for making TWPs. These broadly fall into two categories: (1) Twisters
with a manual wire folding step, and (2) Pre-loaded bobbin designs. Devices such as the Open Ephys
Tvs/is.terfl;g]7 Matt Gaidica’s Simple TwisteIFE], and the Neuralynx Spinner—2.qT_5]fall into the first category.
The first of these two devices are very cheap and simple, and may be ideal for labs who do not
need to make many tetrodes and can accept some TWP construction variability. However, a general
disadvantage with manual folding machines is that they are slow. This is due to a manual folding step
combined with loose mechanical coupling that requires slow turning speeds. A single TWP generally
takes several minutes to make, even for an experienced operator. This can be partially mitigated by
using these devices in parallel: a second TWP is folded while the first is turned. However, we have
found that due to the finicky nature of the folding step, using any more than two devices at a time is
nearly impossible. Further it places a large rote labor burden on the operator, which can lead to poor
construction quality due to boredom.

Aside from slow construction speed, these devices introduce large (and uncontrollable) variability
in manual wire handling and twist-pitch (which is directly linked to electrode compliance (Fig. )
Although they are cheaper than bobbin-based designs, their manual labor requirements and slow
operation lead to human-resource requirements that can far outweigh the increased material cost of
bobbin-based designs.

There are two options for pre-loaded bobbin TWP machines: Twisterd and the SpikeGadgets
Tetrode MachineEG]. Although similar in principle of operation, these two designs use different strategies
at nearly every component resulting in very different user experiences and cost. We have summarized
these differences in Table 2|

The two most notable differences between Twisterd and the SpikeGadgets Tetrode Machine are
the means by which they increase TWP construction speed and the wire fusing mechanism. Twister3
provides automatic wire bundle alignment and a leaf-spring based bundle to motor coupling, instead
of relying on gravity to provide wire tension. This means that wire can be turned at fast speeds while
maintaining twist integrity. Because wire turning only takes a few seconds, it is not a rate limiting step
in the TWP construction process. Because the SpikeGadgets device lacks Twisterd’s motor coupling
features, it must turn TWPs relatively slowly (~60 RPM vs. ~1000 RPM).

To compensate for its slow turn rate, the SpikeGadgets machine permits efficient construction via
parallelization. Wire is turned slowly, but a linear actuator and hot air gun are used to perform the
fusing step automatically. The benefit of this strategy is twofold: (1) increased repeatability of the

fusing step, and (2) manual labor is only required for clipping the wire bundle to the motor. This allows

?https://github.com/jonnew/twister3/tree/master/control-board
3http://www.open-ephys.org/twister
Yhttp://www.open-ephys.org/simple-twister
5https://neuralynx.com/hardware/tetrode-spinner-2.0
http://www.spikegadgets.com/hardware/tetmachine . html
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SpikeGadgets Twister3
Tetrode Machine (this device)
Wire feed mechanism Spring-loaded clamp Torsion-spring quick draw
Automatic wire fusing Yes No
Wire/motor-axis alignment No Yes
TWP turning motor type Continuous DC Stepper
Wire fuser motor type Stepper N/A
Motor controller Standard half-bridge TMC2130
TWP turning speed 60 RPM typical 700-1000 RPM typical
Acceleration control No Yes
Bobbin/motor attachment Screw Magnets
Wire bundle/motor attachment Free-hanging Leaf-spring & magnet
Microcontroller module Arduino Due Teensy LC
Adjustable twist geometry No Yes
Mechanical parts Custom machined Standard optomechanics & 3D printed

Table 2: Comparison of Twister3d and SpikeGadgets Tetrode Machine.

3 identical twisting units to be used in parallel, increasing the effective TWP construction rate to the
point where there is effectively no user downtime. The downside of this strategy is a major increase in
materials cost and design complexity compared to Twister3. However, given the additional benefits of
automated wire fusing, we see this feature as obvious target for future improvement of Twister3.
Aside from these two primary differences, Twister3 also affords several other improvements com-
pared to the SpikeGadgets device. Twister3 provides precise acceleration control, quick-draw wire
feeding, rapid magnetic wire bundle to motor attachment mechanism, and automatic wire tensioning.
These features simplify operator use in comparison to the SpikeGadgets machine. Further, our use of
standard optomechanical and cheap 3D printed parts greatly reduces BOM cost and increases ease of
acquisition compared to SpikeGadgets design, which relies on custom, tight-tolerance machined parts.
Because TWPs provide a good balance of data quality, ease of use, ease of assembly, and low cost,
they will continue to be used in in vivo neurophysiology labs for years to come. Twister3 is a simple
device that greatly decreases manual labor, greatly increases TWP production speed and quality, and
is affordable for most labs that might benefit from it. It is fully open-source, well-documented (via
this manuscript and instructional videos (Appendix ), and is composed of easy to obtain parts.
Further, we encourage the replication and improvement of this device by others. For instance, an
open design that incorporates the automated wire fusing step would further reduce human variability
in TWP quality of the current design. We hope that Twisterd complements the growing number
of open-source electrophysioloy tools, such as microdrives [13, [, electrical stimulators [14], optical
stimulators [I5[""} acquisition hardware [I6], electrode impedance testers [17], and software [18, 16} [19].
Combined with a growing ecosystem of open-source hardware, e.g. for microscopic imaging [20], 21], 22],
DNA amplification [23], audio monitoring [24], culture plate-reading [25], bacterial evolution [26],
and closed-loop small animal experimentation [27) 28], these tools will permit labs to be completely
outfitted with high-performance, low-cost, open-source tools. We believe this trend will increase the

accessibility, transparency, and quality of scientific research in general [29].
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s Appendix A Instructional Videos

420 Videos documenting device operation and usage are available on YouTube:

a41 e https://youtu.be/xQbXc738ZuM Annotated video showing how to use Twister3 to load bobbins
442 with electrode wire and how to use Twister3 to make tetrodes.
443 e https://youtu.be/BOMdM4z-wl0 Video showing the construction of two tetrodes, start to finish.

« Appendix B Bills of Materials

Mechanical Bill of Materials

Qty Description Supplier Supplier Part No.
1 NEMA-17 Stepper Motor Digikey 1460-1163-ND
10 3 X 7 x 3 mm Bearings Boca Bearing  MR73-2RSC
1 M3 x 4mm Set screw McMaster-Carr 92605A098

2 M3 x 6mm Standoff McMaster-Carr 94868A162

1 M3 x 0.5 mm Thread Size, 500 mm Long McMaster-Carr 90024A219

5 M3 x 0.5 mm Thread, 40 mm Long McMaster-Carr 91292A024

2 M3 x 0.5 mm Thread, 60 mm Long McMaster-Carr 92290A131

8 M6 x 1 mm Thread, 14 mm Long McMaster-Carr 92855A615

2 M6 x 1 mm Thread, 25 mm Long, Set screw McMaster-Carr 92015A135

4 Music-Wire Steel Torsion Spring McMaster-Carr 9271K578

2 Zinc-Plated, M3 x 0.5 mm Thread Nut McMaster-Carr 90695A033

2 Dowel Pin 3/16" Diameter, 2-1/2" Long McMaster-Carr 98380A520

2 2#1.5" Mounting Post, M6 Taps, L. = 250 mm ThorLabs P250/M

2 Swivel-Base Mini-Post Holder, 2" (51 mm) Tall, 1/4" (M6) Slot ThorLabs MSL2

2 Mini-Series Optical Post, g6 mm, L = 50 mm ThorLabs MS2R/M

1 Aluminum Breadboard, 300 mm x 600 mm X 12.7 mm, M6 Taps ThorLabs MB3060/M
1 21.5" Post Mounting Clamp, 112.5 mm X 112.5 mm, Metric ThorLabs C1545/M

10  Neodymium Block Magnets, 1/8" cube KJ Magnetics B222G-N52
2 Neodymium Block Magnets, 1/2" x 1/4" x 1/16" KJ Magnetics B841-N52

2 Wire Clip Digikey 314-1017-ND
NA Silicone Heat Shrink Digikey XX

Table 3: Mechanical bill of materials. A continuously updated bill of materials is located on [this Google sheet]|.

3D-Printing Bill of Materials

Qty Description Material Supplier STL File in Repository Link

1 Feeder Base Nylon PA12 Shapeways twister3_arm-base.STL http:/shpws.me/QtfT
1 Motor Mount Nylon PA12 Shapeways twister3_motor-mount.STL http:/shpws.me/QtfL
1 Bobbin Shield “Fine detail plastic” Shapeways twister3_bobbin-shield.STL http:/shpws.me/QtfU
2 Bobbin Spacer “Fine detail plastic” Shapeways twister3_bobbin-spacer.STL http:/shpws.me/QtfR
2 Bobbin Washer “Fine detail plastic” Shapeways twister3_bobbin-washer.STL http:/shpws.me/QtfP
4 Bobbin “Fine detail plastic” Shapeways twister3_bobin.STL http:/shpws.me/QtfM
1 Rotor Base “Fine detail plastic” Shapeways twister3_rotor-base.STL http:/shpws.me/QtfK
1 Adjustment Plate “Fine detail plastic’ Shapeways twister3_adjustment-plate.STL http://shpws.me/Rekt
1 Wire Guide “Fine detail plastic” Shapeways twister3_wire-guide-base.STL http:/shpws.me/QtfI
2 Stock Spool Bearing Case “Fine detail plastic’ Shapeways twister3_stock-spool-bearing-case.STL http:/shpws.me/QUtz
1 Twist Wire Aligner “Fine detail plastic” Shapeways twister3_twist-aligner.STL http://shpws.me/R6mo
1 Spring Rotor Top PEBA 2301 Sculpteo  twister3_spring-top.STL https://bit.ly/2H32cna

Table 4: 3D-printing bill of materials. An continuously updated bill of materials is located on this Google
sheet. The right-most column provides links to order parts from each supplier.
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Qty Schematic Name Schematic Value Description Supplier Supplier Part No. Manufacturer Part No.
1 U5 N/A Teensy 3.2 PRJC

3 M1, M2, M3 N/A M3 Screws, 10 mm  McMaster 92000A120

1 N/A N/A 24V Wall Adapter  Amazon

1 S1 EC12P Rotary Encoder Sparkfun 10982 EC12P

1 S1 N/A Knob Sparkfun 10597 P-15x13-T-T2-24A

1 U6 GDM1602K LCD Display 5V Sparkfun 709 GDM1602K

1 N/A N/A Hot-Air Station Sparkfun 14557

1 For U5 Teensy Header 2x7 Header Digikey 609-3485-1-ND 61001421121

2 For Ub Teensy Header 1x14 Header Digikey 732-5325-ND 61301411121

1 For U5 Teensy Socket 2x7 Socket Digikey S7110-ND PPPCO72LFBN-RC
2 For U5 Teensy Socket 1x14 Socket Digikey S7012-ND PPTC141LFBN-RC
1 For U6 LCD Header 1x16 Header Digikey 732-5327-ND 61301611121

1 For U6 LCD Socket 1x16 Socket Digikey S7014-ND PPTC161LFBN-RC
2 J10, J11 Stepper Stick Header 1x8 Header Digikey 732-5321-ND 61300811121

2 J10, J11 Stepper Stick Socket 1x8 Socket Digikey S7006-ND PPTCO81LFBN-RC
5 J1, J8, J9 N/A 1x4 Socket Digikey S7002-ND PPTC041LFBN-RC
3 J3, J4, J5 N/A 1x4 SMD Header Digikey SAM12225-ND TSM-104-02-L-SV

2 For U2 N/A Board Spacers Digikey 952-3465-ND R6010-00

3 M4, M5, M6 N/A M3 SMD Nuts Digikey 732-10918-1-ND 9775056360R

1 J2 N/A Screw Terminal Digikey ED10563-ND OSTVNO04A150

1 J1 PJ-063BH Barrel Jack Digikey CP-063BH-ND PJ-063BH

4 C2, Ce, C7, C8 10 nF, 50 V Capacitor, X7R Digikey 478-1227-1-ND 06035C103KAT2A

1 C16 470 nF, 10 V Capacitor, X7R Digikey 1763-1190-1-ND 0402BW474K160YT
2 C1, C3 1 uF, 50 V Capacitor, X7R Digikey 587-3247-1-ND UMK107AB7105KA-T
1 C4 15 uF Tantalum Capacitor Digikey 399-3775-1-ND T491D156K035AT

1 C5 220 uF Tantalum Capacitor Digikey 399-9744-1-ND T491D227M010AT

1 R6 470 Q Resistor, Thick film Digikey Common Common

2 R1, R9, R10, R11, R12 4.7 kQ Resistor, Thick film Digikey Common Common

5 R2, R3, R4, R5, R17 10 k2 Resistor, Thick film Digikey Common Common

1 R13 20 k2 Resistor, Thick film Digikey Common Common

2 R8, R16 20 kQ Trim Pot Digikey SM-42TX203CT-ND SM-42TX203

1 L1 68 uH Inductor Digikey 513-1386-1-ND DR125-680-R

1 D1 DB2W60400L Schottky Diode Digikey P15184CT-ND DB2W60400L

1 U1 IS31FL3193 LED Driver Digikey 706-1215-1-ND IS31FL3193-DLS2-TR
1 U3 MAX6816 Debouncer Digikey MAX6816EUS+TCT-ND MAX6816EUS+T

1 U2 MIC4680-5.0YM-TR DC DC Converter Digikey 576-1221-1-ND MIC4680-5.0YM-TR
1 U4 TMC2100 Silent Stepper Stick Digikey 1460-1159-ND N/A

1 N/A N/A Enclosure Digikey 36-705-ND 705

Table 5: Control box (Fig. bill of materials. A continuously updated bill of materials is located on this
Google sheet. Table entries labeled “common” are ubiquitous and therefore listing specific part numbers is futile
due to rapid supplier turn over. PCB design files are located at this [link. The PCB is split into two halves
separated by a breakaway v-cut. One half serves as the top panel of the enclosure, visible in (Fig. [2[ (B)), and
the other has all electronics and is mounted beneath the front panel.

22


https://docs.google.com/spreadsheets/d/1tdc3wfE6V87q8yqBOQvDj7WylAztkh6_2kuL-YzyB0g/edit#gid=0
https://docs.google.com/spreadsheets/d/1tdc3wfE6V87q8yqBOQvDj7WylAztkh6_2kuL-YzyB0g/edit#gid=0
https://github.com/jonnew/twister3/tree/master/control-board
https://doi.org/10.1101/727644
http://creativecommons.org/licenses/by/4.0/

