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- Application -

• Etching : Polyimide, tungsten, tantalum, silicon-
dioxide

• Deposition : SiO2 film, TiO2 film

• Decontamination of chemical and biological  
warfare agents : BG spore, plague, E coil

Introduction

Atmospheric pressure plasma jet

Objective

• Electron density measurement using 94 GHz microwave interferometer system.
• Vibrational and rotational temperature measurement analyzing optical emission spectrums.

- Characteristics -

• driven by RF ( mainly 13.56 MHz)

• non-equilibrium, homogeneous discharge

• non thermal damage to material   
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Experimental setup
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Vibrational temperature
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Rotational temperature

2 2( , 0 , 0)OH A v X vΣ Π ′= → = band
- Synthetic spectrum method -
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Considering instrument broadening,

Compare measured spectrum with synthetic 
spectrum of various temperatures.

Modify ref. data for arbitrary temperature,
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Plasma temperature
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• At the same input power, both vibrational and rotational temperature increase as 
increasing RF frequency. 
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• In our experimental range, vibrational and rotational temperature increase as increasing 
input power. 
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Rotational temperature

• Plasma jet show the good thermal 
conductivity

Spatially resolved plasma temperature (axial direction)
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• As increasing the input voltage, maximum Tvib
position is shifted to the outer region.

• In the region of the RF electrode, plasma density 
increase as increasing the input voltage.
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Principle of microwave interferometer

pL

Microwave 
Source

gλ

pλ

gL

Splitter

Detector

1 12 ( )p
o p

Lφ π
λ λ

∆ = −• Phase shift due to plasma :

(t))(10.1811)mn( 153 ϕ×××>=< −   GHzf    
L

  • Therefore, the line-averaged electron density is

Plasma Horn antenna

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−=∆

p

p

g

g LL
λλ

πφ 2

GHzis  2.94  f    where,ωωfor  ),dr(m t)(r,n
(GHz)f

1
108.42       

dr 
ω

ω
11

c
ωφ(t)

o
22

p
3

e
o

16

a

a

2/1

2

2
p

〈〈×≅

⎟⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜

⎝

⎛

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−−=

−−

+

−

∫

∫



POSTECHPOSTECH Plasma Sheath  Laboratory

Heterodyne type Interferometer
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Plasma density calculation
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Conclusions

We have studied the fundamental properties of APPJ by optical and microwave 

diagnostics

• When same input power is applied to the APPJ varying RF frequency, the 

vibrational and rotational temperature increase as increasing frequency.

• We have measured spatially resolved plasma temperature. As a result, maximum 

vibrational temperature is shifted to outer region and density in the region of 

RF electrode increase as increasing the input voltage. The rotational 

temperature is maintained at constant value.

• Electron density measured by microwave interferometer is estimated to be in 

order of 1011 cm-3


