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Drsstc Building The Modern
Day Tesla Coil

Understanding
the DRSSTC:
Building the
Modern Day
Tesla Coil

The  Tesla  coil  has  long
captured the imagination
of  electrical  engineers,
hobbyists,  and  science
e n t h u s i a s t s .  F i r s t
invented by Nikola Tesla
in  1891,  this  resonant
transformer  circuit  was
originally  designed  to
produce  high-voltage,
l o w - c u r r e n t ,  h i g h -
frequency  alternating
current  electricity.  For
decades, the classic spark
gap  Tesla  coil  (SGTC)
dominated the landscape.

However,  as  technology
progressed,  a  more
efficient,  reliable,  and
p o w e r f u l  v a r i a n t
e m e r g e d :  t h e  D u a l
Resonant  Solid  State
Tesla Coil,  or DRSSTC. If
you  are  consider ing
DRSSTC  building,  the
modern  day  Tesla  coil,
you  are  stepping  into  a
w o r l d  w h e r e
s e m i c o n d u c t o r
t e c h n o l o g y  m e e t s
resonant  induct ive
coupling,  offering
unparalleled  control  and
performance.  This  article
p r o v i d e s  a
comprehensive  guide  to
understanding, designing,
and  building  a  DRSSTC,
covering  its  history,
working  principles,  key
c o m p o n e n t s ,  a n d



practical  construction
tips.

What Exactly is a
DRSSTC?

A  D R S S T C ,  o r  D u a l
Resonant  Solid  State
Tesla  Coil,  is  a  type  of
Tesla coil that uses solid-
s t a t e
components—primarily
insulated-gate  bipolar
transistors  (IGBTs)  or
m e t a l - o x i d e -
semiconductor field-effect
t r a n s i s t o r s
(MOSFETs)—instead  of  a
traditional  spark  gap  to
switch the primary circuit.
The term "dual resonant"
refers  to  the  fact  that
both  the  primary  and
secondary LC circuits are
tuned to resonate at the
same  frequency.  This
dual resonance condition
m a x i m i z e s  e n e r g y
transfer  efficiency
between  the  two  coils,
resulting in longer, more
consistent  sparks  and

r e d u c e d  s t r e s s  o n
components.  When  you
are DRSSTC building, the
modern  day  Tesla  coil,
you  are  essent ia l l y
replacing  the  noisy,
inefficient  spark  gap  with
a  precisely  controlled
switching system that can
operate  at  much  higher
repetition rates.

The Evolution:
From SGTC to
DRSSTC

Traditional  spark  gap
Tesla  coils  (SGTCs)  rely
on a mechanical or static
spark gap to discharge a
capacitor  bank  into  the
primary coil. While simple
and  visually  impressive,
SGTCs  have  severa l
drawbacks. They produce
significant
e l e c t r o m a g n e t i c
interference,  generate
substantial  heat,  suffer
from  electrode  erosion,
and operate at relatively
low repetition rates.  The
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spark gap also limits the
efficiency  of  energy
transfer because the gap
must  be  re-ionized  each
cycle.

The advent of high-power
semiconductor  switches
in  the late  20th  century
opened the door for solid-
state Tesla coils (SSTCs).
Early SSTCs used a single
resonant  circuit  and
s i m p l e  f e e d b a c k
oscil lators.  While  an
improvement,  they  still
lacked  the  efficiency  and
spark  length  of  a  well-
t u n e d  S G T C .  T h e
breakthrough  came  with
the DRSSTC, which added
a  second  resonant  tank
circuit  on  the  primary
side,  allowing  both  coils
to  ring  at  their  natural
f r e q u e n c y .  T h i s
innovation  dramatically
improved energy transfer
and  reduced  switching
losses.  Today,  DRSSTC
building, the modern day
Tesla coil, represents the

gold  standard  for  high-
performance  Tesla  coil
construction.

Key Components of
a DRSSTC

B u i l d i n g  a  D R S S T C
r e q u i r e s  a  s o l i d
understanding of  several
core  components.  Each
part plays a critical role in
the  system's  overal l
p e r f o r m a n c e  a n d
reliabil ity.

Primary Tank
Circuit: This
consists of a high-
voltage capacitor
bank and the
primary induction
coil. The capacitors
are arranged in a
series-parallel
configuration to
achieve the desired
capacitance and
voltage rating.
Polypropylene film
capacitors are
preferred for their
low equivalent



series resistance
(ESR) and high
current handling.
Secondary
Resonant Circuit:
The secondary coil
is typically wound
on a PVC or acrylic
tube using magnet
wire. The number of
turns and the coil
geometry
determine the
resonant frequency.
The top load, often
a toroid, adds
capacitance to the
secondary circuit
and shapes the
electric field for
optimal spark
discharge.
Switching Bridge:
The heart of the
DRSSTC is the full-
bridge or half-
bridge inverter
circuit. High-power
IGBTs, such as the
IXYS or CM series,
are commonly
used. The bridge

switches the DC
bus voltage across
the primary tank at
the resonant
frequency. Proper
gate drive circuitry
and snubber
networks are
essential to protect
the switches from
voltage spikes and
ringing.
Controller and
Feedback
System: Unlike a
spark gap, the
DRSSTC requires
active control to
maintain
resonance. A
feedback signal
from the secondary
coil is fed into a
phase-locked loop
(PLL) or
microcontroller-
based controller.
This controller
adjusts the
switching frequency
to match the
resonant peak,
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even as the system
heats up or load
conditions change.
Many builders use a
Field-Programmable
Gate Array (FPGA)
or a Digital Signal
Processor (DSP) for
precise timing.
DC Power Supply:
The bus voltage for
the inverter is
typically provided
by a variable DC
power supply. For
small to medium
DRSSTCs, a voltage
doubler circuit
powered from the
mains is common.
Larger coils may
use a three-phase
rectifier and a bank
of filter capacitors
to provide a stable
DC rail.
Interrupter and
Modulation: An
interrupter circuit
controls the on-
time and off-time of
the coil, allowing

for adjustable spark
length and duty
cycle. Modern
DRSSTCs often
include audio
modulation inputs,
enabling the coil to
"sing" by varying
the pulse repetition
rate.

How a DRSSTC
Works: The Physics
and Electronics

The operational  principle
of a DRSSTC is based on
resonant  induct ive
coupling and zero current
switching  (ZCS).  When
the IGBT bridge switches
on, current begins to flow
in  the  pr imary  tank
circuit .  Because  the
primary  and  secondary
are  both  tuned  to  the
same resonant frequency,
energy oscillates between
the primary capacitor and
the  primary  inductor.  A
portion of this oscillating
magnetic  field  couples



into  the  secondary  coil,
inducing  a  high  voltage
across the secondary and
the top load.

The  key  to  efficient
operation  is  that  the
switching  occurs  at  the
zero  cross ing  of  the
primary  current.  This  is
known  as  zero  current
switching.  When  the
current is zero, the IGBTs
can  be  turned  off  with
minimal  switching  losses
and stress. The controller
uses  feedback  from  the
secondary  to  track  the
resonant  frequency  and
adjust  the  switching
timing accordingly. If the
switching  drifts  out  of
phase,  efficiency  drops
dramatically,  and  the
IGBTs  can  overheat  and
fail.

During the "on" time, the
energy  in  the  primary
t a n k  b u i l d s  u p  i n
oscillation.  When  the
interrupter  turns  off  the

bridge,  the  remaining
energy  in  the  primary
tank  is  either  dissipated
or  recovered,  depending
o n  t h e  d e s i g n .  T h e
secondary  coil  continues
to ring, producing a series
of sparks that can last for
several  milliseconds.
When  DRSSTC  building,
the  modern  day  Tesla
coil,  understanding  this
resonant  energy transfer
is  crucial  for  achieving
long, consistent sparks.

Building Your Own
DRSSTC: Step-by-
Step
Considerations

Building a DRSSTC is an
advanced  project  that
requires  knowledge  of
electronics,  high-voltage
safety,  and  mechanical
construction.  Below  is  a
structured  approach  to
designing  and  building
your  own  coil.
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Step 1: Define Your
Goals and Budget

Begin  by  deciding  what
you  want  to  achieve.  A
small  tabletop  DRSSTC
producing  6  to  12  inch
sparks can be built on a
modest  budget  using
cheap IGBTs and a simple
PLL controller. A giant coil
capable of 10 foot sparks
requires  a  significant
i n v e s t m e n t  i n
components, cooling, and
safety  equipment.  Be
realistic  about  your  skill
level  and  budget  before
ordering parts.

Step 2: Design the
Secondary Coil

The  secondary  co i l
determines  the  resonant
frequency and the output
v o l t a g e .  A  t y p i c a l
secondary  uses  800  to
1200  turns  of  26  to  30
AWG magnet wire on a 4
to 6 inch diameter tube.
The length of the winding
is usually 12 to 24 inches.

The  resonant  frequency
should be in the range of
150 kHz to  500 kHz for
most DRSSTCs. Calculate
the  inductance  and self-
capac i t ance  o f  t he
secondary using standard
formulas  or  simulation
software.  The  top  load
a d d s  a d d i t i o n a l
capacitance, lowering the
resonant frequency.

Step 3: Design the
Primary Coil

The  p r imary  co i l  i s
typically  a  flat  spiral  or  a
helical  coil  made  from
copper tubing or litz wire.
The  number  of  turns  is
usually small, between 5
and 15 turns. The primary
inductance must be such
that when combined with
the primary capacitor, the
tank  resonates  at  the
same  frequency  as  the
s e c o n d a r y .  A  g o o d
starting point is to use a
capacitor  bank of  0.1 to
0.5  µF  and  adjust  the



number of  primary turns
to achieve resonance.

Step 4: Select the
Switching Components

Choose IGBTs rated for at
least twice the expected
bus  voltage  and  three
times  the  peak  current.
For a small coil running at
300 VDC, 600 V IGBTs are
adequate. For larger coils
using 600 VDC or more,
1200  V  dev i ces  a re
necessary.  The  gate
dr iver  must  provide
sufficient  peak  current  to
charge and discharge the
IGBT  gate  capacitance
quickly.  Isolated  gate
drive power supplies are
essential for the high-side
switches in a full bridge.

Step 5: Build the
Controller

The controller is the brain
of the DRSSTC. A simple
PLL-based  controller  can
be built  using a CD4046
phase-locked loop IC and

some  logic  gates.  More
advanced controllers use
a microcontroller or FPGA
to  implement  adaptive
frequency  tracking  and
protection  features.  The
controller  must  generate
the  gate  signals  for  the
bridge  and  adjust  the
duty  cyc le  based  on
f e e d b a c k  f r o m  t h e
secondary  coil .

Step 6: Assemble and
Test

Start  with  low  power
testing.  Use  a  variac  to
slowly  increase  the  bus
voltage  while  monitoring
the  primary  current  and
the output sparks. Check
the  temperature  of  the
IGBTs and the capacitors.
Tune  the  sys tem  by
adjusting  the  number  of
pr imary  turns  or  the
capacitor  value  until
maximum spark length is
achieved. Always have a
current-limiting resistor or
fuse  in  the  DC  bus  to
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prevent  catastrophic
failures.

Safety
Considerations

High voltage is lethal.
DRSSTCs  operate  at
voltages  ranging  from
several hundred volts on
the primary side to tens
or  even  hundreds  of
thousands of volts on the
secondary.  Even a  small
coil can deliver a painful
and  dangerous  shock.
Always  discharge  al l
c a p a c i t o r s  b e f o r e
touching any part of the
circuit.  Use  insulated
too l s  and  work  on  a
rubber  mat.  Keep  a  fire
extinguisher  rated  for
electrical  fires  nearby.
Never  operate  the  coil
alone.  Ensure  that  all
bystanders are at a safe
d is tance,  and  use  a
Faraday cage or shielding
to  protect  sensi t ive
electronics  from  the
intense  electromagnetic

fields.

Tuning and
Optimization

Tuning  a  DRSSTC  is  a
blend of science and art.
The  goal  is  to  achieve
zero  current  switching
a c r o s s  t h e  e n t i r e
operating  range.  This
r e q u i r e s  c a r e f u l
a d j u s t m e n t  o f  t h e
feedback  loop  and  the
p r i m a r y  t a n k
c o m p o n e n t s .  O n e
common method is to use
a signal generator and an
oscilloscope  to  measure
the resonant frequency of
the  secondary  with  the
top  load  attached.  Then
adjust the primary tank to
match. During operation,
the  resonant  frequency
can shift  due to heating
and  arcing.  A  robust
controller  with  adaptive
frequency  tracking  is
essential  for  consistent
performance.



Optimization also involves
reducing parasitic losses.
Use thick copper wire or
tubing for the primary to
minimize  resistance.
Keep  all  connections
short and direct. Use low-
ESR  capac i to rs  and
snubber  networks  to
suppress  voltage  spikes.
Proper  cooling  for  the
IGBTs  and  capacitors  is
crit ical  for  extended
operation.  Many  builders
use  forced  air  cooling
with  large  heatsinks  or
even  liquid  cooling  for
high-power  coils.

Applications and
Modern Uses

While DRSSTCs are often
built  for  entertainment
and education, they have
practical  applications  as
well.  They  are  used  in
high-voltage  testing,
plasma physics research,
w i r e l e s s  p o w e r
t r a n s m i s s i o n
experiments, and even in

special  effects  for  movies
and  l ive  shows.  The
ability  to  modulate  the
output with audio signals
makes  DRSSTCs  popular
for  "singing  Tesla  coil"
performances. When you
e n g a g e  i n  D R S S T C
building, the modern day
T e s l a  c o i l ,  y o u  a r e
contributing  to  a  rich
tradition  of  innovation
tha t  s ta r ted  ove r  a
century  ago.

Conclusion

Building a DRSSTC is one
of  the  most  rewarding
pro jects  for  anyone
passionate  about  high-
voltage  electronics  and
resonant  c ircuits.  I t
combines  principles  of
electromagnetism,  power
electronics,  and  control
theory  into  a  single,
spectacular  device.  By
replacing  the  old  spark
gap  with  sol id-state
switching,  the  DRSSTC
offers  greater  efficiency,
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reliability,  and  control.
W h e t h e r  y o u  a r e  a
seasoned engineer or an
ambit ious  hobbyist ,
DRSSTC  building,  the
modern day Tesla coil, is
a journey that will deepen
your  understanding  of

electrical  resonance  and
push your technical skills
to new heights. Start with
a  small  design,  respect
the  dangers  o f  h igh
voltage, and enjoy the arc
of discovery.


