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PREFACE

This text documents the complete electrical and mechanical design of the miniBrute DRSSTC system which was previously
designated as the DRSSTC Il system in the publication, DRSSTC: Building the Modern Day Tesla Coil. The miniBrute
DRSSTC system was designed from the bottom up with three distinct requirements in mind: reliability, portability, and
power. Firstly, the miniBrute DRSSTC was designed as a demonstration coil, which meant it had to withstand the stress of
continuous operation and excessive run times. This high reliability is achieved through the use of synchronized drive and
shutdown circuitry as well as through the use of both thermal and current sensors to ensure the system operates within safe
operating limits. Also, the use of second generation DRSSTC primary current feedback allows the system to soft-switch
reducing both the switching losses of the IGBTs and the high di/dt conditions which can lead to large voltage spikes across
the IGBTs. The enclosure was also designed to provide maximum cooling for the power switching devices and primary
MMC capacitors which can dissipate considerable heat during operation. Secondly as a demonstration coil, the miniBrute
had to be designed in the smallest and lightest weight package possible. Standing at two feet tall and weighing less than 30
pounds, the miniBrute is highly portable and can easily be transported by a single person. Finally, the miniBrute’s operation
had to look impressive, therefore it was designed to pack the biggest punch possible. Standing at only two feet tall, the coil
can easily produce arcs in excess of 36 inches and under optimum tuning, can produce output arcs exceeding 48 inches in
length. With the use of the Advanced Modulator, the miniBrute DRSSTC can produce an infinite variety of output effects.
The miniBrute DRSSTC, being a solid state system, also does not require the use of heavy high voltage transformers or
mechanically complex spark gaps. The miniBrute DRSSTC runs directly off of 120VAC (or 220VAC for those in other
parts of the world) and requires only a small variac to vary the input power of the system.

The design for the miniBrute DRSSTC has been presented in this text in such a way that anyone with basic electrical and
mechanical skills can follow the design and reproduce it exactly from the inside out. Highly detailed electrical schematics,
and mechanical drawings are shown for every part of the system including complete parts and distributor listings as well.
And for the first time ever, Eastern Voltage Research is providing complete bareboard printed circuit board kits for all
electrical assemblies inside this unit including the Advanced Modulator. No longer will one have to design, fabricate, and
procure their own printed circuit boards. Customizable miniBrute and Advanced Modulator panels are also available for
that added professional touch.

Finally, in addition to the detailed electrical and mechanical designs included in this text, highly detailed, step-by-step test
procedures are included, as well as a complete section on advanced tuning techniques.

Daniel McCauley






DISCLAIMER

The author of this document is an amateur, not a professional. The information, both technical and safety
related, provided in this document should be interpreted with this distinction clearly in mind. The author
hereby disclaims any liability for injury to persons or property that may result due to the construction of
solid state Tesla coils and other high voltage apparatus. This publication is for informational purposes only,
and makes no claims to its completeness or accuracy. Solid state Tesla coils are inherently very dangerous
devices and should only be constructed and operated by individuals familiar enough with these dangers.
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miniBrute DRSSTC Operation (Second Generation)
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Figure 1-2 miniBrute DRSSTC Operation - Self Starting

The next few paragraphs briefly discuss the operation of the miniBrute DRSSTC system. Note that this is only a brief
summary into how the miniBrute DRSSTC system operates, and does not go into the great detail of the complex operational
theory behind the DRSSTC concept. For this description, | have broken down the operation of the miniBrute DRSSTC
into four simple steps: self-starting, primary current feedback, continuous oscillation, and overcurrent fault detection and
synchronized shutdown.

Self-Starting

Because the oscillator on the DRSSTC system is feedback driven, it requires an external source to start oscillation. This
external source is the modulation pulse from the external modulator or “interrupter.” When the external modulator outputs
an ON pulse, this ON pulse is fed into the ENABLE input on the gate driver IC. Due to the properties of the Texas
Instruments UCC3732x gate driver ICs, a low-to-high transition on the ENABLE input causes the gate driver IC to output a
single-shot pulse. As shown in Figure 1-2 above, this single-shot output pulse activates the half-bridge switching circuit for
a single cycle and a single-shot output pulse from the half-bridge switching circuit is sent to the primary coil.
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Figure 1-3 miniBrute DRSSTC Operation - Primary Current Feedback
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Figure 2-11 miniBrute DRSSTC Enclosure Layout

Enclosure Layout

Figure 2-11 above shows the internal enclosure layout for the miniBrute DRSSTC. Note that the heatsink size shown in this
view was of a heatsink I had available when first building this design. That being said, the large size of the heatsink is quite
overkill and a much smaller heatsink can be used without problems.

Although wiring isn’t shown in this particular diagram, proper routing is important. All wires should be routed as close to
the bottom of the enclosure as possible. Due to the high electrical and magnetic fields produced by the Tesla Resonator, the
wiring should be placed as far as possible to reduce any potential interference. Also, all control wires should be shielded if
at all possible and twisted together. Also, pay special attention to the mounting of the Primary (MMC) Capacitor Board.
This should be mounted using nylon (non-conductive) stand-offs and placed so that there is adequate clearance between
adjacent assemblies (including the heatsink) because high voltages are present on this board.
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Inner Support Detail

The following is the detail drawing of the inner support. The inner supports are used four (4) places within the internal

support assembly.
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Figure 3-3 Inner Support Detail

Inner Support (Outside View) Inner Support (Inside View)

Material Specification
1”x 17 x 5.5 Type I PVC (or similar)
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Self-Resonant Control Board Mounting and Shielding Provisions

The following is the detail drawing of the self-resonant control board mounting block which attaches to the base of the
bottom mounting plate.
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Figure 3-8 Self-Resonant Control Board Mounting Block

Item Part No. Description Distributor Qty
1 8747K635 Type | PVC, 67 x 67 x 0.5” McMaster-Carr 1
2 8963K31 127 x 12” x 0.016” Copper sheet McMaster-Carr 1
3 93505A440 Stand-off, Male-Female, 6-32, 1/4” head length, aluminum McMaster-Carr 4
4 91400A143 6-32 Pan head phillips machine screw, 3/16” length, stainless steel McMaster-Carr 4
5 91771A247 10-24 Flat head phillips machine screw, 1” length, stainless steel McMaster-Carr 2

Table 3-3 Self-Resonant Control Board Mounting Block and Shield Parts List

Self-Resonant Control Board Shield
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9 DASSTC Il MODULATOR 3
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Figure 4-6 Advanced Modulator

Advanced Modulator Operational Specifications

Normal Mode
Pulsewidth Adjust | 20us to 430us (continuous)
PRF Adjust | 22Hz to 318Hz (continuous)

Burst Mode
Pulsewidth Adjust | 20us to 430us (continuous)

PRF Adjust | 22Hz to 318Hz (continuous)

Burst Length Adjust | 20us to 100ms (continuous)
Lock-out Adjust | 100ms to 10s (continuous)

Long Pulse Mode
Pulsewidth Adjust [ 20us to 100ms (continuous)
Lock-out Adjust | 100ms to 10s (continuous)

Aux. Mode (Alternate Frequency Mode)
ON time Adjust | 0 to 10ms (continuous)
OFF time Adjust [ 9ms to 768ms (continuous)

Table 4-1 Advanced Modulator Operational Specifications
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7. Remove all power from the system. Make sure the DC Power supply capacitors, C121 and C122, are completely
discharged before handling the DC power supply and moving on. This test is now complete.

Half-Bridge Power Board
The following test procedure references the electrical schematics shown in Figures 2-1 through 2-8.

1. Complete the half-bridge power assembly, including heatsink, and ensure that each IGBT is properly orientated and
attached to the half-bridge power board.

2. Connect the self-resonant control board’s gate drive outputs (E1 and E2) to the gate drive inputs of the half-bridge power
board as shown in Figure 2-8. Optimally, twisted shielded pair cable should be used to connect the gate output of the self-
resonant control board to the gate input of the half-bridge power board. If twisted shielded cable is not available, then the
gate connection wires should be twisted tightly together to increase coupling between the wires and to minimize inductance.
Do NOT connect the DC power supply to the half-bridge power board at this time.

3. Connect a signal generator to the “CURRENT FB” terminals of the self-resonant control board. Set the output of the
signal generator to a 5V peak-to-peak, 100kHz square wave. An HP 200CD oscillator may work as well for this application,
however the amplitude must be limited to avoid damage to the self-resonant control board. If you do not have a signal
generator, the simple 555 based timer circuit shown in Figure 5-2 can be used.

4. Connect the Advanced Modulator to the “EXT MOD” terminal of the self-resonant control board. Pulsewidth should be
set to approximately 250us and pulse repetition frequency (PRF) set to approximately 100Hz.

5. Turn ON the Advanced Modulator, apply power to the self-resonant control board, and enable the signal generator. Once
this is done, make sure the Advanced Modulator is working correctly. Check each of the gate driver ICs (U4-US5) on the
self-resonant control board to ensure they are not overheating. If the gate driver ICs are hot, there may be a problem with
the Advanced Modulator.

6. Using a dual channel oscilloscope with two probes, take a differential measurement of the gate-to-emitter, V__, voltage
at each of the two (2) IGBTs on the half-bridge power board. \erify that the waveforms measured at the IGBT gates
approximately match that of the waveforms shown below in Figure 5-4. Risetime (0 to 20V) of the waveform should be
less than 250ns and falltime (20V to 0) should be less than 250ns.

A S58Bns 4,61 U7 CHL

CHZ 20@8wU~

400.08ns

10V/div
Figure 5-4 Gate Drive Waveforms, Ve as measured at IGBT
7. Once the measured gate waveforms have been verified, the next step is to check the phasing of the gate drive waveforms.

This will check to see if the polarity of the gate drive transformer is correct and whether or not the half-bridge will operate
properly. Using a dual channel oscilloscope with two probes, verify the phasing of the gate drive waveforms as shown



HP 200 Oscillator
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Figure 5-8 Secondary Coil Resonant Frequency Measurement Set-up

4. Once the resonant frequency of the secondary coil assembly is determined, the next step is to determine the initial
tuning point of the primary coil. Connect the test circuit as shown below in Figure 5-9. Set the signal generator for
maximum output amplitude, and set the output frequency of the signal generator to the measured secondary coil resonant
frequency which was determined in step 3 on the previous page. Verify the output frequency of the signal generator using
the oscilloscope to ensure accuracy.

HP 200 Oscillator

Oscilloscope
Tap Point - —
M =
/ ; CH1 CH2
L — GND -
L ° ° ¢ ¢ -
E: TeResisior IPrim'ary Cail I
Oscilloscope LED Tuning Box
Prob
i 00000000000 —se
Primary Capacitor

Figure 5-9 Primary Coil Initial Tuning Set-up

5. In this step, you will begin moving the upper tap of the primary coil until the point of resonance is found. Parallel
resonance is defined as the point where the parallel LC circuit is at maximum impedance, therefore, the point of resonance
will be where the LED indicator is at its dimmest, and the amplitude shown on the oscilloscope is at its maximum.

6. Secure the upper tap point to the primary coil. This will be the starting tuning point of the primary coil and completes
the initial tuning of the miniBrute DRSSTC system. It is important to note that this tuning point will only be used to test

and troubleshoot the system for the first time. Fine tuning will be necessary to maximize performance of the miniBrute
DRSSTC system.

Initial Operation

Now that you have completed all subassembly testing and have determined the resonant frequency of the secondary coil
assembly and set the primary coil tap point, you are ready to power up the miniBrute DRSSTC for the first time. Assemble
and make all connections of the top level DRSSTC system as shown in Figure 2-8. Double check all connections before
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Peak Primary Current vs. Arc Length

The plot shown in Figure 6-6 below shows the effect primary tuning has on both maximum arc length and shows how much
primary current is required for the system to strike a target set at a specified distance.

DRSSTC Tuning Study
Peak Primary Current vs. Arc Length

700
600 e
2 P
~ 500 i =
= ¥ —— 9. 2uH
g%
3 40 — —=—7.9uH
- 7.7uH
E | 7.2uH ()
% —%—7.2uH (I
b —s—6.2uH
—— 5.8uH
——5.6uH
5.3uH

15 20 25 30 35 40
Arc Length (in)

Figure 6-6 Peak Primary Current vs. Arc Length (PRF = 100Hz, Pulsewidth = 300us)

DC Bus Voltage vs. Arc Length

The plot shown in Figure 6-7 on the next page shows the effect primary tuning has on both maximum arc length and shows
how much DC bus voltage is required for the system to strike a target set at a specified distance.

Primary Tuning Point > Secondary F__.

Interestingly enough, if the primary tuning point is set to a value so that the primary circuit’s natural resonant frequency is
greater than the resonant frequency of the secondary coil (198kHz) and the DRSSTC operates in the upper frequency mode
of the coupled system, loading of the output arc begins to have a detrimental effect on performance. This can be seen by
the drastic increase in the slope for the 5.3uH, 5.6uH, 5.8uH, and 6.2uH waveforms in both Figures 6-6 and Figure 6-7 as
arc length increases. Figure 6-8 on the next page illustrates this further. In otherwords, increasingly more DC bus voltage
and peak primary current are required to obtain longer output arcs for these primary tuning points. Also, because of this, the
maximum arc length obtainable by the DRSSTC becomes less and less as primary inductance is decreased.
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miniBrute Printed Circuit Boards
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Custom Control Panels
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100# exterior paper, full-color exterior ink
200+ FULL COLOR Photographs, Illustrations, Drawings, and Diagrams
Photo Gallery containing 30+ FULL PAGE, FULL COLOR Photographs

Complete Electrical and Mechanical Design Sections complete with schematics, parts lists, detailed drawings,
templates, assembly views, and instructions

ISBN: 978-1-4116-9523-8

Professional Printed and Bounded by Lulu Press, Inc.

Visit http://www.Eastern\VoltageResearch.com for additional and ordering information.
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