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Formation of Time-dependent Haze on the Surface of Epitaxial
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Abstract: During the production of epitaxial silicon wafers, it sometimes suffers from the undesirable case that the haze-like
macro-defects, namely, time-dependent haze (TDH), appear on the epitaxial silicon wafers which are exposed to the clean-room for a
period of time. Unfortunately, the causes for the formation of TDH have not essentially been known so far. The formation conditions
of TDH are investigated for the epitaxial silicon wafers grown by chemical vapor deposition under atmospheric pressure. It is found
that the pressure difference between the process and transfer chamber, which occurs prior to unloading the epitaxial silicon wafer, is
the key factor for the formation of TDH. It is pointed out that the exhaust will reflow into the process chamber if the pressure of
process chamber is larger than that of transfer chamber prior to the unloading procedure, thus making the epitaxial silicon wafer
absorb the SiCl, and (SiCl,), species, which further react with the moisture in the air of clean-room. This is the root cause for the
formation of TDH. By means of scanning electron microscopy, X-ray energy dispersion spectroscopy and total reflection X-ray
fluorescence, the morphologies and compositions of the TDH-related particles have been characterized. It is indicated that the
TDH-related particles are manifested with two kinds of morphologies of polyhedron and sphere. The polyhedron-like particles are
supposed to be associated with small NH,CI crystals, while the sphere-like particles are believed to be related to the organics. It is
further pointed out that the inorganic components containing NH," and the organic components such as isopropanol (IPA) in the air of

cleaning room are the external causes of the formation of TDH. In brief, the fundamental countermeasure for avoiding the formation

* WA FE AT T (2020C01009) FIES R ARG (51532007, 61674126) HIIIH
Fund: Supported by Key R&D Program of Zhejiang Province (2020C01009) and National Natural Science Foundation of China (51532007, 61674126).
20220505 WCEIYIFR, 20220725 W& R



5 6 1 AR, S SMERE SR 18] 55 K2 s LB 267

of TDH on the epitaxial silicon wafers is to disable the backflow of exhaust gas into the epitaxial chamber prior to unloading the

epitaxial silicon wafers.

Keywords: epitaxial silicon wafer; time-dependent haze (TDH); inorganic species; organic species
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Fig. 2 Simplified diagram for the chamber and related gas-flow in Centura200 type single-wafer epitaxial batch.

(The gas flow direction during the epitaxial process is illustrated by the solid line (D and the exhaust gas flow direction during

the unloading of epitaxial wafer is illustrated by the dash line @).)
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Table 1 Scenario of forming time-dependent haze on the

epitaxial silicon wafers under different unloading conditions

Unloading Pressure difference /

Experiment Surface status

condition*® Pa
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* Pp is pressure in process chamber , Py is pressure in transfer chamber

(a) No haze (b) Local haze

(c) Global haze
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Fig. 3 Mappings of surface particles on the three

epitaxial silicon wafers in Tab.1
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(a) Cl element distribution on wafer without haze
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(b) Cl element distribution on wafer with haze
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Fig. 4 Mappings of Cl element on the epitaxial silicon wafers without and with TDH
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Fig. 5 SEM images and EDS spectra of the TDH-related particles on the epitaxial silicon wafer
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Fig. 6 SEM images of the TDH polyhedron-like particle
subjected to cycles of acquiring EDS spectra and
EDS spectra acquired on the electron-irradiated

and non-irradiated areas.
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Table 2 Densities of inorganic species and TVOC in the air of different areas in the cleaning room

. Inorganic species / (ug / m®) TVOC*/ (ng/m’)
Sampling area
F Cl” NO,™ SO NO;~ NH," IPA n-Hexane Benzene Toluene Others
Al <0.10 0.28 42 <0.10 0.71 9.1 455 1.8 0.3 1.3 9.8
A2 <0.10 0.24 43 <0.10 0.74 9.8 473 1.7 0.5 1.4 113
A3 <0.10 0.14 3.8 <0.10 0.73 212 255 1.7 0.4 1.2 8.6

* TVOC: Total volatile organic compounds.
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W] AWK B TPA S5 ALY, NI TE BRI .

(3) Az rpv il S AN GE R 3 T IR 1) 25 (R R A 1
JAET, AR ANE R P 2 BT 20 008 e AN E T2 )
REARRRE2AEKE.
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