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Plasmas are Essential To Society
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Do We Need a High-Voltage Power Supply?

https://www.sciencemag.org/news/2019/09/world-s-strongest-lightning-
hits-not-summer-november-february

Cheng et al., Nature Communications (2018)Tang & Staack, Science Advances (2019)
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Non-Centrosymmetric Crystals as a Low-
Voltage Discharge Source 

crystal structure of 
barium titanate (BaTiO3)
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Energy Conversion Plasmas

Energy conversion plasmas: Use pyroelectric/piezoelectric 
crystals to directly convert thermal/mechanical motion into a 
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At the 
Curie temperature

If you control the temperature of the pyroelectric, you can control 
the polarization

As temperature   , polarization 

As temperature   , polarization

Polarization Changes with Temperature
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Surface Potential a Function of Temperature
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pyroelectric equation

ΔΦ =
τ pΔT
ε

Φ = surface potential
τ = crystal thickness
p = pyroelectric constant
ε = crystal permittivity

Surface potential of the crystal depends on heating/cooling of crystal, 
the crystal orientation, and free charge at the crystal surface

• heating leads to a net positive surface potential
• cooling leads to a net negative surface potential
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Measurements
• surface potential of crystal 

(voltmeter)
• temperature of crystal 

(IR camera)
• current on sharp electrode 

(picoammeter)

z-face

resistance 
heater

z-cut lithium 
niobate

(1 mm thick)

surface 
voltmeter

Neidholdt & Beauchamp, Analytical Chemistry (2007)

Pyroelectric-Driven Discharge

IR

Generate a stable atmospheric-
pressure discharge with a 
pyroelectric substrate: 
Heating/cooling creates 
surface potential on crystal



slide 11
D B. Go 09/29/2020

Measurements
• surface potential of crystal 

(voltmeter)
• temperature of crystal 

(IR camera)
• current on sharp electrode 

(picoammeter)

z-face

resistance 
heater

z-cut lithium 
niobate

(1 mm thick)
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A

Generate a stable atmospheric-
pressure discharge with a 
pyroelectric substrate: 
Heating/cooling creates 
surface potential on crystal

Neidholdt & Beauchamp, Analytical Chemistry (2007)

Pyroelectric-Driven Discharge
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The surface potential of the crystal needs a large change in 
temperature to overcome accumulating free charge
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Johnson, Linczer, & Go, Plasma Sources Sci. Technol., 23, 065018, 2014. 
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The surface potential of the crystal needs a large change in 
temperature to overcome accumulating free charge
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Change in Surface Potential Generates 
Discharge

Free charge gathers on the surface of the pyroelectric and 
extinguishes the discharge, similar to a dielectric barrier discharge

resistance 
heater

sharp 
electrode

A

Johnson, Linczer, & Go, Plasma Sources Sci. Technol., 23, 065018, 2014. 
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electrode

py
ro

el
ec

tri
c

Heating Pyroelectric Generates a Glow

30 s exposure during 
constant heating 
(1.25 W/cm2)

Johnson, Linczer, & Go, Plasma Sources Sci. Technol., 23, 065018, 2014. 
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Stable Discharge by Cycling Heat

z-face
resistance 

heater

sharp 
electrode

Asquare 
wave input

Cycling heat will alternate surface potential (positive/negative), 
such that the effects of free charge are mitigated

Pyroelectric-driven discharge will 
have characteristics of two 
standard atmospheric pressure 
discharges:

• DBD – alternating discharges 
extinguished by surface 
charging

• AC corona discharge – heating 
cycle (negative corona) and 
cooling cycle (positive corona)
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Cycling Heat Enables Continuous Discharge
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Cycling temperature generates alternating strong (heating) and 
weak (cooling) discharges, consistent with magnitude of induced 

surface potential.

120 s period with 25% duty cycle
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Johnson, Linczer, & Go, Plasma Sources Sci. Technol., 23, 065018, 2014. 
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Piezoelectric Transformers for Plasma 
Generation

Vin (~101 V) +

–

Vout
(~103 V)

• PT amplifies the input voltage through an electromechanical coupling 
process. 

• The voltage gain ~102 – 103 when operating at its 2nd harmonic.
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PT-Driven Plasma Devices

Johnson et al., IEEE Trans. Plasma Sci. (2019)Itoh et al., Ozone Sci. Eng. (2004)
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PT-Driven Plasmas Produce EHD Effect

Johnson & Go, J. Appl. Phys., 118, 243304, 2015. 

LN transformer

9 V amplitude sine wave 

sharp electrode configuration

Johnson & Go, Frontiers Mech. Eng., 2, 7, 2016. 

PZT transformer

suspended wire

10 V amplitude sine wave 

counter electrode configuration
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PT-Driven Plasmas Produce EHD Effect

Johnson & Go, J. Appl. Phys., 118, 243304, 2015. 

LN transformer

9 V amplitude sine wave 

sharp electrode configuration

Johnson & Go, Frontiers Mech. Eng., 2, 7, 2016. 

PZT transformer

suspended wire

10 V amplitude sine wave 

counter electrode configuration
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A Working Low-Voltage EHD Prototype

40 mm

15 mm

Ultra-thin prototype capable of fitting within portable electronic 
device 

Operating parameters 
12 – 18 V, 181 kHz
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thermocouple

PT device

Haier 9” Tablet

PT-Driven Device Integrated Within a Tablet
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thermocouple

ionic wind device

temperature is in °F

Operating parameters 
15 V, 181 kHz, 0.45 W

PT-Driven Device Integrated Within a Tablet
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Behavior of the PT-Driven Free Plasma Jet

• The plasma propagates into 
free space with a well-defined 
shape.

• The visible length is 15 - 20 
mm.

• No low-ionization energy 
guiding flow.

Time integrated image over 5000 input 
voltage cycles (0.5 s exposure time).

PT-generated discharge analogous to a corona 
streamer or a ‘free’ plasma jet.
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Temporal Characterization
• Input voltage is 20 Vrms with 

frequency of 67.6 kHz.
• Camera exposure time is 250 

ns.
• 1000 sequential images are 

taken at each phase delay.

delay
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Temporal Characterization
• Input voltage is 20 Vrms with 

frequency of 67.6 kHz.
• Camera exposure time is 250 

ns.
• 1000 sequential images are 

taken at each phase delay.

delay

Stochastic behavior of the free plasma jet
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Burst Mode to Overcome Internal Heating
• PT is operated in a burst mode.
• Each burst has 1000 input 

voltage cycles, ~15 ms.
• There is ~85 ms cooling phase 

between two successive bursts.

First burst Second burst

Cooling phase



slide 30
D B. Go 09/29/2020Yang, Im, & Go, Plasma Sources Sci. Technol., 29, 045016, 2020. 

Temporal Evolution over One Cycle
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Positive and Negative Half Cycle Behavior
Positive half cycleNegative half cycle

Both single and double strikes consistently observed

Yang, Im, & Go, Plasma Sources Sci. Technol., 29, 045016, 2020. 
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Positive and Negative Half Cycle Behavior

Time integrated image over 5000 input 
voltage cycles (0.5 s exposure time).

Positive streamers stretch are more intense and longer 
than negative streamers

Positive half cycleNegative half cycle

Yang, Im, & Go, Plasma Sources Sci. Technol., 29, 045016, 2020. 
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Statistical Behavior
Positive strikes appear at the mean delay time of 5.79 ± 0.47 µs (68%).

light emission

light emission

Phase difference between current spike and light 
emission indicates a strong afterglow
Yang, Im, & Go, Plasma Sources Sci. Technol., 29, 045016, 2020. 
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Hand-Generated, Mechanically-Driven 
Plasma Device
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Mechanical-to-Plasma Energy Conversion
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117, 093901, 2020. 

Plasma Has Characteristics of a Transient 
Spark



slide 38
D B. Go 09/29/2020

Plasma Generation Is Repeatable But 
Inefficient 

𝜂 = 𝐸!,#$% + 𝐸!,&$##$' /𝐸%

𝐸% =
1
2𝑘𝑥

(.
𝜂 = 1.54 ±

0.12% 

Jaenicke, Hita Martinez, Yang, Im, & Go, Appl. Phys. Lett., 
117, 093901, 2020. 
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