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Among many methods for synthesizing carbon nanoparticles (CNPs), plasma is a promising method that 

continuously produces high purity size-controlled CNPs and uniformly deposits onto substrates [1]. So far, 

we have succeeded in controlling their size by the gas residence time in discharge regions [2]. However, for 

their application to nano-technologies, understanding deposition of CNPs and its control are important. 

Here we have measured the time dependence on CNPs deposition quantitatively. 

Experiments were carried out using a multi-hollow discharge plasma chemical vapor deposition 

(MHDPCVD) method. During the discharge with 40 W of 60 MHz power supply, Ar/CH4 gas ratio, total 

flow rate and working pressure were kept at 6:1, 100 sccm and 2 Torr respectively. High resolution TEM 

grids and N type Si substrates are set at 100 mm away from the electrode in the downstream region. The 

deposition time was controlled from 1 min to 90 min. Deposited CNPs were randomly observed by TEM. 

The sample area was 356 nm2. Raman spectroscopy (532 nm laser excitation) and an optical emission 

spectroscopy were used to analyze the CNPs structure and plasma conditions, respectively. 

Figure. 1 shows the deposition time dependence 

on the flux and the size of CNPs. The monolayer 

deposition of CNPs start to be observed above 15 

min and their flux slightly decreased from 22.5 to 

18.0 until 60 mins. After 60 min, deposited CNPs 

agglomerated with each other. In addition, the mean 

particle size was kept at around 25 nm throughout 

the deposition time. One possible reason is that the 

density of carbon clusters in the gas phase changes 

before the flux becomes in the steady state. 
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Fig. 1. Deposition time dependence on flux 

and particle size of CNPs. 

0

5

10

15

20

25

30

0

25

50

75

100

125

150

0 20 40 60 80 100

fl
u
x
 (

co
u
n
ts

 /
 u

m
2
· 

m
in

)

p
ar

ti
cl

e 
si

ze
 (

n
m

)

deposition time (min)

(dimensions : 356 nm2)

第80回応用物理学会秋季学術講演会 講演予稿集 (2019 北海道大学 札幌キャンパス)18p-F211-6 

© 2019年 応用物理学会 07-050 8.6


