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Analysis of Plasma Potential in Photoemission-Assisted Plasma Used for Dry
Planarization Process
IMRAM, Tohoku Univ. oSaijian Ajia, Yudai Ohtomo, Shuichi Ogawa, Yuji Takakuwa

E-mail: saijian@mail.tagen.tohoku.ac.jp

In the previous study, we have reported that the photoemission-assisted plasma (PA-plasma) [1] which is
one of the DC discharge plasmas combined with UV (A = 172 nm) irradiation can decrease the roughness of
metal surfaces [2, 3]. In the process, Ar* ion collision with the metal surface plays an important role. For
more precision controlling of the surface planarization process " S
using PA-plasma, the kinetic energy of ions must be measured Quanz incow, 2%, |12
and controlled. In this study, we manufactured a Langmuir probe
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system to measure the plasma potential of PA-plasma. Using 3
obtained potential value from this study, the kinetic energy of VS@'_ ’ Vp@lng
ions that collide to the substrate surface can be obtained. e %333& s =
Figure 1(a) shows the PA-plasma apparatus with the .L pacaod| J
Langmuir-probe system. The probe is made by a W wire with o e[ ep YT IOSH porre —— (3
$0.8 of diameter. The W wire is inserted into an Al,O3 tube for
isolation. 15 mm length of W wire is exposed from the tube. The _— .
probe position can be changed from near the substrate to ® e e =
electrode side. The gap space between the substrate and 10—% $iGlow ]
electrode is 29 mm. The bias voltage (Vs) dependences of ol
discharge current (Is) on a 2-inch Si substrate in vacuum BTownsend / “Par=100Pa
condition, under glow discharge and Townsend discharge oy 10% 5 4 3
conditions are shown in Fig. 1 (b). Probe position dependence of = 10% E
plasma potential in vacuum condition (Vs = 100 V), glow (Vs = § 108F§  UvLampON .
150 V) and Townsend (Vs = 60 V) discharge plasma were shown © 107} ]
in Fig. 1 (c) that are referred as plasma potential gradient. L s ]
In the vacuum condition, there are no ions and the plasma Y- et T |
potential gradient is similar to the electric potential gradient, but i i
it shift away from the electric potential gradient, it is considered 1050100 150 200 250
that because of the UV irradiation. However, under Ar discharge Bias Voltage (V)
plasma as glow discharge, the plasma potential is independent to (©) 1opp——
probe posmc_)n, and _the potential drop |_s a_lmost 90% of the bias g | - costt “/
voltage. It is considered that there is ion sheath above the 8 50 ~ ,
substrate surface with width smaller than 1mm, when the Ar” ion § .'9’ &
collides to the substrate surface ion kinetic energy will be lost in & eof N
elastic scattering through the ion sheath. On the other hand, % ‘«.“'.',"' =
under Townsend discharge, it is considered that there is no .§“°' ..,..:‘. g el
significant ion sheath and the plasma potential gradient is similar s sl '-\ iy |
with that of in vacuum condition. According to the plasma § o \;’g;;e;q;;ggg;gtef
potential gradient, the kinetic energy of ions can be calculated. =
In the presentation, the relation between ion energy and surface %Substrate aecffoae
planarization process will be discussed. Erakes.Pasition (mm)
Reference Fig. 1 (a) Schematic of photoemission-assisted

plasma with a Langmuir-probe system.
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