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Physicochemical Characterization of Powder Byproducts Generated from a
Metallization Process and Its 1st Scrubber in the Semiconductor Industry

Kwang-Min Choi - Myung-Koo Jung - Hee-Chul An

Samsung Health Research Institute, Samsung Electronics Co. Ltd.

ABSTRACT

Objectives: The aim of this study is to identify physicochemical properties such as chemical composition, size, shape and crystal
structure of powder byproducts generated from a metallization process and its 1st scrubber in the semiconductor industry.
Methods: Powder samples were collected from inner chambers during maintenance of the W-plug process equipment (using
tungsten hexafluoride as a precursor material) and its 1st scrubber. The chemical composition, size and shape of the powder
particles were determined by field emission scanning electron microscopy (SEM) and transmission electron microscopy (TEM)
equipped with an energy dispersive spectroscope (EDS). The crystal structure of the powders was analyzed by X-ray diffraction
(XRD).

Results: From the SEM-EDS and TEM-EDS analyses, O and W were mainly detected, which indicates the powder byproducts are
tungsten trioxide (WO3), whereas Al, F and Ti were detected as low peaks. The powder particles were spherical and nearly
spherical, and the particle size collected from the process equipment and its Ist scrubber showed 10-20 nm (agglomerates: 55-90
nm) and 16-20 nm (agglomerates: 80-120 nm) as primary particles, respectively. The XRD patterns of the yellow powder
byproducts exhibit five peaks at 23.8°, 33.9°, 41.74°, 48.86" and 54.78"°, which correspond to the (200), (220), (222), (400), and
(420) planes of cubic WO;.

Conclusions: We clucidated the physicochemical characteristics of the powder byproducts collected from W-plug process
equipment and its 1st scrubber. This study should provide useful information for the development of alternative strategies to
improve the working environment and workers' health.

Key words: metallization process, physicochemical properties, powder by-product, semiconductor, tungsten oxide
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Table 1. Chemicals used in metal process equipment for 200 mm wafer manufacturing facilities

Line Classification Equipment

Detailed Step Chemicals

MTCO1
A MTCO02
MTCO03
MTCO04
MTCO05

Process Equipment

w Plug WF(,, SiH4, Hz, AI, Nz, NF3

MTSO01
Scrubber MTS02
C MTS03

o >0 w

Reactant residues removal -*

* Chemicals are not used.
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Table 2. Chemical composition and color of the powder by-products generated from metallization process including W plug by scanning
electron microscopy and transmission electron microscopy equipped with energy dispersive x-ray spectroscopy*

Line Classification Equipment Analysis Tool Chemical Composition Color

MTCO1 O, AL W Yellow

A MTCO02 SEM-EDS O, F, Al, W, Ti Black

Process Equipment MTCO03 O, F, AL W, Ti Black

B MTC04 O, F, AlL W Black
TEM-EDS

C MTCO05 O, F, Mg, W, Ti Black

A MTSO01 o, W Yellow

B Scrubber MTS02 TEM-EDS O, F, Al, Si, Cl White

C MTS03 O, Fe, Si, K White

* Carbon or copper among element compositions was omitted because carbon tape or copper grid as a background was used for

SEM-EDS or TEM-EDS analysis
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4,000} x454 1 e Wi o, fitd A
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Figure 1-2 Line A2 MTC01-03&7] GH|E A um 552 U]/\ﬂﬁ' & 9] 12} JAK(Primary particle)
Ao H WFolA 3% oot FAHES] SEM 7F 2L Qle& 1 4 Uitk gHH MTCO1

Figure 1. Scanning electron microscopy images of powder by-products collected from process equipment: (a) MTCO1, (b) MTCO02, and (c)
MTCO03

Figure 2. Transmission electron microscopy images of powder by-products collected from process equipment (MTCO04): (a) marker 0.2
um, (b) marker 100 nm, (c) marker 10 nm

Figure 3. Transmission electron microscopy images of powder by-products collected from 1st scrubber equipment (MTS01): (a) marker
200 nm, (b) marker 100 nm, (c) marker 20 nm
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Figure 4. X-ray diffraction patterns of (a) the powder particles
collected in MTCO1 and (b) pure crystalline WO3
particles as a comparison sample
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