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Abstract- Plasma skin treatment is a non-thermal skin healing technique that can deliver plasma formed energy and 
regenerate facial status. The plasma skin treatment has several advantages as prevention from heat damages, but verification 
of plasma generation devices in electrical, optical, and biomedical regions are required. In this article, we investigated an 
optical measurement zig to confirm output optical power and temporal uniformity of plasma skin treatment devices. From 
the result, the zig could be employed in optical power and uniformity studies of various biomedical devices. 
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INTRODUCTION 
 
Plasma generation devices using low-power and high-
performance are generally employed in various 
applications: analytical platforms [1], surface 
treatment and modification tools [2], elimination of 
toxic materials [3]. From the development of various 
implementations, plasma generator improvements are 
suggested in direct current [4], low-frequency [5], 
radio-frequency (RF) [6] and microwave [7]. 
 
One important issue in plasma generation devices and 
skin treatment platforms is estimations of 
performances and reliabilities of output optical power 
of plasma generated by the devices and platforms [8]. 
Especially, biomedical applications in plasma 
treatments need accurate examination and 
measurement of optical output power, effective 
treatment distance and uniformity. 
In this article, we investigated an optical 
measurement zig to examine output optical power 
and uniformity of plasma generation devices and 
tested the plasma skin treatment module practically. 
From the data, we established valuable information of 
plasma treatments such as effective distance for 50 % 
output optical power delivery and uniformities with 
changing the distance from the plasma generation 
device. 
 
OPTICAL MEASUREMENT ZIG 
INVESTIGATION 
 
Constructed optical measurement zig is illustratedin 
Fig. 1. Tested plasma treatment devices can be held 
by two adjustable component holders (ALH-3, Nam-
il Optical Components, Inc., Incheon, Korea) and a 
precision optical rail (POR-12, Nam-il Optical 
Components, Inc.).  A photodiode (S305C, Thorlabs, 
Inc., Newton, NJ, USA) is attached on the optical rail 
with a rail carrier (RC-3, Nam-il Optical Components, 
Inc.), so positions of the photodiode are adjustable. 

 

 
Fig.1. (a & b) Investigated optical measurement zig for output 
optical power and uniformity acquisitions of the plasma skin 

treatment device 
 
Optical output of generated plasma is detected by the 
photodiode and quantified by a digital data 
acquisition module (PM100USB, Thorlabs, Inc.). 
Quantified data in Watt is displayed and memorized 
in the control computer. 
 
RESULTS AND DISCUSSION 
 
3.1. Plasma optical power measurement 

 
As shown in Fig. 2, we measured optical output 
power (in Watt) of tested plasma skin treatment 
device with changing the distance between a 
photodetector and the plasma device. In the data, 
there are two important issue pointed out: 
somefluctuations of output optical powers in plasma 
are appeared and output optical power is inversely 
proportional to the distance. 

 
Fig.2. Measurement of optical output power from the plasma 

treatment device with changing the distance (d) between a 
photodiode and the plasma device 
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To acquire valuable information of the relation 
between the distances of optical output power from 
the plasma device, we calculated averaged optical 
output power and estimated fitting curve (as 
illustrated in Fig. 3) by exponential decaying function: 
 

푦 = A × 푒 + 푦 . 
 
This exponential decaying function provides 
appropriate fitting curve with R2 = 0.9872 and 
decaying constant (mean life-distance) is 15.0058 
mm. It means that the effective distance to deliver 
half of optical power generated from the plasma 
device is 21.6084 mm (= 15.0058 x 1.44). 
 

 
Fig.3. Calculated averaged optical output power and estimated 

fitting curve based on exponential decaying function 
 
3.2. Plasma optical output uniformity 

For studying the fluctuation issue in optical 
output power from the plasma treatment device, we 
estimated uniformities with changed d based on the 
equation shown below: 
 

푈푛푖푓표푟푚푖푡푦	[%] = (1 − .
.

) × 100. 
 
The graph of uniformity with changed d is illustrated 
in Fig. 4. We confirmed that uniformity of optical 
output power is inversely proportional to the distance 
d between the plasma device and the photodetector. 
Also, the output uniformity in the effective distance 
to deliver 50 % output power to the skin is about 
90 %. 
 

 
Fig.4. Optical output power uniformities [%] with changing d 

CONCLUSIONS 
 
In this article, we claim concluding remarks as below: 
 

1. We investigated the optical measurement 
system to confirm output optical power and 
uniformity of plasma skin treatment devices. 

2. By the data in optical power measurement 
and exponential decaying fitting, we 
established the effective distance to deliver 
half of output power generated from the 
plasma treatment device. 

3. Also, we estimated uniformities with 
changing the distance from the plasma device. 
The data can be employed to confirm reliable 
distance for securing needed output power 
uniformity. 
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