
ȳɎɍɐɔɘɋɒɕɋɖɆɘəɖɓɆɥ ɕɑɆɍɒɆ, 

ɉɆɍɔɈɡɋ ɑɆɍɋɖɡ Ɏ ɕɑɆɍɒɋɓɓɡɋ 

ɒɎɐɖɔɘɋɛɓɔɑɔɉɎɎ(ɎɗɘɔɖɎɥ ɖɆɍɈɎɘɎɥ 

ɓɆɕɖɆɈɑɋɓɎɥ Ɉ ȳȮȮɅȺ Ɏ ɓɆ 

ɐɆɚɋɊɖɋ Ɇɘɔɒɓɔɏ ɚɎɍɎɐɎ, ɚɎɍɎɐɎ 

ɕɑɆɍɒɡ Ɏ ɒɎɐɖɔɣɑɋɐɘɖɔɓɎɐɎ 

ɚɎɍɎɝɋɗɐɔɉɔ ɚɆɐəɑɢɘɋɘɆ Ȳȩȹ)

ȴɘɊɋɑ ɒɎɐɖɔɣɑɋɐɘɖɔɓɎɐɎ
ȳȮȮɅȺ Ȳȩȹ



ȱɋɈ ȦɓɊɖɋɋɈɎɝ ȦɖɜɎɒɔɈɎɝ

ȵɖɔɚɋɗɗɔɖ Ȳȩȹ ɗ1947 ɉ., 

ɔɗɓɔɈɆɘɋɑɢ ɎɕɋɖɈɡɏ 

ɍɆɈɋɊəɤɟɎɏ(1954ï1973) ɐɆɚɋɊɖɡ 

Ɇɘɔɒɓɔɏ ɚɎɍɎɐɎ,  ɚɎɍɎɐɎ ɕɑɆɍɒɡ 

ɎɒɎɐɖɔɣɑɋɐɘɖɔɓɎɐɎ ɚɎɍɚɆɐɆ 

Ȳȩȹ, ɔɓɗɔɍɊɆɑ 

ɔɇɟɋɚɆɐəɑɢɘɋɘɗɐɎɏɐəɖɗ ĂȦɘɔɒɓɆɥ 

ɚɎɍɎɐɆñ ȨɖɥɊə ɕɖɔɝɋɉɔ ȱɋɈ 

ȦɓɊɖɋɋɈɎɝ ɔɗɘɆɈɎɑ ɐɆɐ ɕɆɒɥɘɢ 

ɔɗɋɇɋ ɖɔɗɗɎɏɗɐəɤ ɓɆəɝɓəɤ ɞɐɔɑə 

ɚɎɍɎɐɎ ɈɡɗɔɐɔɘɋɒɕɋɖɆɘəɖɓɔɏ 

ɕɑɆɍɒɡ, ɗɔɛɖɆɓɥɤɟəɤ ɕɔɗɋɏ Ɋɋɓɢ 

ɒɎɖɔɈɔɋ ɕɖɎɍɓɆɓɎɋ.
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ȷ 1973 ɕɔ 1988ɉ. 

ɐɆɚɋɊɖɔɏ ɍɆɈɋɊɔɈɆɑ  

ȫ.ȵ.ȨɋɑɎɛɔɈ.

Ȩ 1966 ɉ. Ɋɑɥ 

ɖɆɗɞɎɖɋɓɎɥ ɈɋɊəɟɎɛɗɥ 

ɓɆ ɐɆɚɋɊɖɋ ɓɆəɝɓɡɛ 

ɖɆɇɔɘ Ɉ ȳȮȮ ɅɊɋɖɓɔɏ 

ɚɎɍɎɐɎ Ȳȩȹ ɇɡɑ ɗɔɍɊɆɓ 

ɔɘɊɋɑ ɚɎɍɎɐɎ ɕɑɆɍɒɡ 

(ɗɋɉɔɊɓɥ ɓɆɍɈɆɓɎɋ ɣɘɔɉɔ 

ɔɘɊɋɑɆ ïɔɘɊɋɑ 

ɒɎɐɖɔɣɑɋɐɘɖɔɓɎɐɎ 

(ȴȲɃ)).

ȺɔɘɔɉɖɆɚɎɥ 1981 ɉɔɊɆ  ï

15-ɑɋɘɓɎɏ ɤɇɎɑɋɏ 

ɑɆɇɔɖɆɘɔɖɎɎ ɚɎɍɎɐɎ 

ɕɑɆɍɒɡ ȳȮȮɅȺ.



Ȩ

µȷ 1966 ɕɔ 1978ɉ. ȱɆɇɔɖɆɘɔɖɎɋɏ 

(ɔɘɊɋɑɔɒ) ɚɎɍɎɐɎ ɕɑɆɍɒɡ ɖəɐɔɈɔɊɎɑ 

µȨ.Ȫ. ȵɎɗɢɒɋɓɓɡɏ 
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ȩɆɍɔɖɆɍɖɥɊɓɡɋ ɑɆɍɋɖɡ

Ȩ 1967ɉ. ɓɆɖɥɊə ɗ ɎɗɗɑɋɊɔɈɆɓɎɥɒɎ ɈɡɗɔɐɔɘɋɒɕɋɖɆɘəɖɓɔɏ ɕɑɆɍɒɡ Ɉ ɔɘɊɋɑɋ 

ɇɡɑɎ ɓɆɝɆɘɡ ɎɗɗɑɋɊɔɈɆɓɎɥ ɚɎɍɎɐɎ ɓɎɍɐɔɘɋɒɕɋɖɆɘəɖɓɔɏ ɕɑɆɍɒɡ, 

ɓɆɕɖɆɈɑɋɓɓɡɋ ɓɆ ɗɔɍɊɆɓɎɋ ɒɔɟɓɡɛ ɉɆɍɔɈɡɛ ɑɆɍɋɖɔɈ. ȴɊɓɆɐɔ ɕɋɖɈɡɋ 

ɣɐɗɕɋɖɎɒɋɓɘɡ, ɕɖɔɈɋɊɋɓɓɡɋ Ɉ ɜɋɑɔɒ ɖɥɊɋ ɑɆɇɔɖɆɘɔɖɎɏ ɐɆɐ ə ɓɆɗ Ɉ 

ɗɘɖɆɓɋ, ɘɆɐ Ɏ ɍɆ ɖəɇɋɌɔɒ, ɕɔɐɆɍɆɑɎ, ɝɘɔ ɔɗɓɔɈɓɡɒ ɕɖɔɜɋɗɗɔɒ, 

ɔɉɖɆɓɎɝɎɈɆɤɟɎɒ ɑɆɍɋɖɓɡɋ ɕɆɖɆɒɋɘɖɡ, ɥɈɑɥɋɘɗɥ  ɖɆɍɈɎɘɎɋ ɕɑɆɍɒɋɓɓɡɛ 

ɓɋəɗɘɔɏɝɎɈɔɗɘɋɏ, ɕɖɋɕɥɘɗɘɈəɤɟɎɛ ɈɔɍɒɔɌɓɔɗɘɎ ɔɊɓɔɖɔɊɓɔɉɔ Ɏ 

ɐɔɓɘɖɔɑɎɖəɋɒɔɉɔ ɈɔɍɇəɌɊɋɓɎɥ ɉɆɍɔɈɡɛ ɗɖɋɊ ɕɖɎ ɕɔɕɡɘɐɆɛ əɈɋɑɎɝɋɓɎɥ Ɏɛ 

ɊɆɈɑɋɓɎɏ ɎɑɎ ɔɇɠɋɒɔɈ. ȵɔɓɥɘɢ ɕɖɎɖɔɊə ɣɘɎɛ ɓɋəɗɘɔɏɝɎɈɔɗɘɋɏ, ɓɆɏɘɎ 

əɗɑɔɈɎɥ, ɐɔɉɊɆ ɕɑɆɍɒɋɓɓɡɋ ɓɋəɗɘɔɏɝɎɈɔɗɘɎ Ɉɔɔɇɟɋ ɓɋ ɇəɊəɘ ɖɆɍɈɎɈɆɘɢɗɥ 

ɎɑɎ ɇəɊəɘ ɗəɟɋɗɘɈɋɓɓɔ ɕɔɊɆɈɑɋɓɡ ïɕɖɔɇɑɋɒɡ, ɐɔɘɔɖɡɋ ɎɗɗɑɋɊɔɈɆɑɎɗɢ Ɉ 

ȴȲɃ Ɉ ɘɋɝɋɓɎɋ 10-12 ɑɋɘ Ɋɔ ɐɔɓɜɆ 70-ɛ ɉɔɊɔɈ. ȳɔ ɗɆɒɔɋ ɉɑɆɈɓɔɋ, ɝɘɔ 

ɕɔɓɎɒɆɓɎɋ ɚɎɍɎɝɋɗɐɔɏ ɕɖɎɖɔɊɡ ɓɋəɗɘɔɏɝɎɈɔɗɘɋɏ ɕɖɎɈɋɑɔ ɐ ɗɔɍɊɆɓɎɤ 

ɕɖɎɓɜɎɕɎɆɑɢɓɔ ɓɔɈɔɉɔ ɐɑɆɗɗɆ ɉɆɍɔɖɆɍɖɥɊɓɡɛ ɑɆɍɋɖɔɈ, ɈɔɍɇəɌɊɆɋɒɡɛ 

ɓɋɗɆɒɔɗɘɔɥɘɋɑɢɓɡɒɎ ɖɆɍɖɥɊɆɒɎ.
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ȮɍɊ-Ɉɔ  çȳɆəɐɆè, ȲɔɗɐɈɆ, 1987 ɉ.
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ȴɗɓɔɈɓɡɋ ɓɆɕɖɆɈɑɋɓɎɥ ɎɗɗɑɋɊɔɈɆɓɎɏ

üȮɗɗɑɋɊɔɈɆɓɎɋ ɐɑɤɝɋɈɡɛ ɕɑɆɍɒɋɓɓɡɛ ɕɖɔɜɋɗɗɔɈ (ɐɆɐ 
ɔɇɠɋɒɓɡɛ, ɘɆɐ Ɏ ɕɖɎɕɔɈɋɖɛɓɔɗɘɓɡɛ), ɐɔɘɔɖɡɋ ɔɕɖɋɊɋɑɥɤɘ  
ɛɆɖɆɐɘɋɖ ɈɍɆɎɒɔɊɋɏɗɘɈɎɥ ɕɑɆɍɒɡ ɗ ɕɔɈɋɖɛɓɔɗɘɢɤ. 
ȮɗɗɑɋɊɔɈɆɓɎɋ ɕɖɔɜɋɗɗɔɈ ɘɖɆɈɑɋɓɎɥ ɗɔɈɖɋɒɋɓɓɡɛ ɒɆɘɋɖɎɆɑɔɈ 
ɒɎɐɖɔ Ɏ ɓɆɓɔɣɑɋɐɘɖɔɓɎɐɎɎ ɔɗɆɌɊɋɓɎɥ ɘɔɓɐɎɛ ɕɑɋɓɔɐ (Ɉɕɑɔɘɢ 
Ɋɔ ɘɔɑɟɎɓɡ ɕɑɋɓɔɐ ɆɘɔɒɆɖɓɔɉɔ ɖɆɍɒɋɖɆ). 

üȮɗɗɑɋɊɔɈɆɓɎɋ Ɏ ɖɆɍɈɎɘɎɋ ɓɔɈɡɛ ɒɋɘɔɊɔɈ ɈɔɍɇəɌɊɋɓɎɥ 
ɕɑɆɍɒɋɓɓɡɛ  ɎɗɘɔɝɓɎɐɔɈ

üȶɆɍɖɆɇɔɘɐɆ ɓɔɈɡɛ ɕɖɎɇɔɖɔɈ, ɇɆɍɎɖəɤɟɎɛɗɥ ɓɆ ɎɗɕɔɑɢɍɔɈɆɓɎɎ 
ɕɔɑəɝɋɓɓɡɛ ɓɆɓɔɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛɒɆɘɋɖɎɆɑɔɈ. 



ȴɇɑɆɗɘɎ ɎɗɗɑɋɊɔɈɆɓɎɏ

ȺəɓɊɆɒɋɓɘɆɑɢɓɡɋ ɎɗɗɑɋɊɔɈɆɓɎɥ

1. ȵɑɆɍɒɋɓɓɆɥ ɐɎɓɋɘɎɐɆ Ɏ ɕɑɆɍɒɔɛɎɒɎɥ

2. ȨɍɆɎɒɔɊɋɏɗɘɈɎɋ ɕɑɆɍɒɡ ɗ ɕɔɈɋɖɛɓɔɗɘɢɤ

3. ȪɎɆɉɓɔɗɘɎɐɆ ɕɑɆɍɒɡ

ȵɖɎɐɑɆɊɓɡɋ ɎɗɗɑɋɊɔɈɆɓɎɥ

1. ȵɑɆɍɒɔɛɎɒɎɝɋɗɐɔɋ ɘɖɆɈɑɋɓɎɋ Ɏ ɖɆɗɕɡɑɋɓɎɋ

2. ȲɔɊɎɚɎɐɆɜɎɥ ɕɔɈɋɖɛɓɔɗɘɎ Ɉ ɕɑɆɍɒɋ

3. In situ ɊɎɆɉɓɔɗɘɎɐɎ Ɋɑɥ ɕɑɆɍɒɋɓɓɡɛ ɖɋɆɐɘɔɖɔɈ
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ʊʠʧʳ ʧʣʘʟʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ

üDC ɖɆɍɖɥɊɡ
üDBD/DC ɐɔɒɇɎɓɎɖɔɈɆɓɓɡɋ 
ɖɆɍɖɥɊɡ
üRF CCP ɖɆɍɖɥɊɡ
ü(DF) CCP ɖɆɍɖɥɊɡ
üICP RF ɖɆɍɖɥɊɡ
üȲW ɖɆɍɖɥɊɡ
üȶɆɍɖɥɊɡ ɓɆ əɇɋɉɆɤɟɎɛ 
ɣɑɋɐɘɖɔɓɆɛ
üȩɋɑɎɐɔɓɓɡɋɖɆɍɖɥɊɡ

üȰɔɒɇɎɓɎɖɔɈɆɓɓɡɋ ȨȽ + 
ɓɋɗɆɒɔɗɘɔɥɘɋɑɢɓɡɋ ɖɆɍɖɥɊɡ
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ȪɎɆɉɓɔɗɘɎɝɋɗɐɎɋ ɒɋɘɔɊɡ

1. ȭɔɓɊɔɈɆɥ ɊɎɆɉɓɔɗɘɎɐɆ Ɋɑɥ ɎɍɒɋɖɋɓɎɥ EEDFɎɊɎɓɆɒɎɐɎ ɎɍɒɋɓɋɓɎɥ ɐɔɓɜɋɓɘɖɆɜɎɎ ɣɑɋɐɘɖɔɓɔɈ Ɏ 
ɎɔɓɔɈ.

2. ȦɓɆɑɎɍɆɘɔɖ ɣɓɋɖɉɎɎ ɎɔɓɔɈ Ɋɑɥ ɎɍɒɋɖɋɓɎɥ  IEDF Ɏ ɊɎɓɆɒɎɐɎ ɕɔɘɔɐɆ ɎɔɓɔɈ ɓɆ ɕɔɈɋɖɛɓɔɗɘɢ.
3. ɃɒɎɗɗɎɔɓɓɆɥ ɗɕɋɐɘɖɔɗɐɔɕɎɥ ɗ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɡɒ Ɏ Ɉɖɋɒɋɓɓɡɒ ɖɆɍɖɋɞɋɓɎɋɒ (ES) Ɋɑɥ 
ɎɍɒɋɖɋɓɎɥ ɖɆɍɑɎɝɓɡɛ ɈɔɍɇəɌɊɋɓɓɡɛ ɝɆɗɘɎɜ (ɎɔɓɔɈ Ɏ ɓɋɏɘɖɆɑɢɓɡɛ) ɒɋɘɔɊɔɒ ɕɑɆɍɒɋɓɓɔ-
ɎɓɊəɜɎɖɔɈɆɓɓɔɏ ɣɒɎɗɗɎɎ.

4. ȦɐɘɎɓɔɒɋɘɖɎɥɊɑɥ ɎɍɒɋɖɋɓɎɥ ɊɎɓɆɒɎɐɎ Ɏ Ɉɋɖɔɥɘɓɔɗɘɋɏ ɕɔɈɋɖɛɓɔɗɘɓɡɛ ɕɔɘɋɖɢ H, O.
5. ȲɋɘɔɊ ɑɆɍɋɖɓɔɉɔ ɚɔɘɔɔɘɑɎɕɆɓɎɥ Ɉ ɗɔɝɋɘɆɓɎɎ ɗ ɍɔɓɊɔɈɔɏ ɘɋɛɓɎɐɔɏ Ɋɑɥ ɎɍɒɋɖɋɓɎɥ ɊɎɓɆɒɎɐɎ 
ɔɘɖɎɜɆɘɋɑɢɓɡɛ ɎɔɓɔɈ.

6. Cavity Ring-Down Spectroscopy (CRDS)
7. Laser-Induced Fluorescence (LIF)
8. UV, VUV absorption spectroscopyɊɑɥ ɎɍɒɋɖɋɓɎɏ ɗ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɡɒ Ɏ Ɉɖɋɒɋɓɓɡɒ 
ɖɆɍɖɋɞɋɓɎɋɒ ɆɐɘɎɈɓɡɛ ɓɋɏɘɖɆɑɢɓɡɛ ɖɆɊɎɐɆɑɔɈ Ɏ ɔɘɖɎɜɆɘɋɑɢɓɡɛ ɎɔɓɔɈ.

ȪɎɆɉɓɔɗɘɎɐɆ ɕɔɈɋɖɛɓɔɗɘɓɡɛ ɗɘɖəɐɘəɖ
1. X-ray spectroscopy
2. Raman spectroscopy
3. SEM

4. STM

5.   FTIR



ɃɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɋ ɈɔɍɒɔɌɓɔɗɘɎ: ɊɎɆɉɓɔɗɘɎɐɆ

- ɎɍɒɋɖɋɓɎɥ ɕɔɗɘɔɥɓɓɡɛ Ɏ ȨȽ ɘɔɐɔɈ, ɓɆɕɖɥɌɋɓɎɏ Ɏ 

ɈɑɔɌɋɓɓɔɏ ɒɔɟɓɔɗɘɎ

- ɎɍɒɋɖɋɓɎɋ ɕɑɔɘɓɔɗɘɎ ɕɑɆɍɒɡ(Hairpin ɍɔɓɊ)

- ɎɍɒɋɖɋɓɎɋ ɚəɓɐɜɎɎ ɖɆɗɕɖɋɊɋɑɋɓɎɥ ɣɑɋɐɘɖɔɓɔɈ ɕɔ 

ɣɓɋɖɉɎɥɒ(ȨȽ-ɐɔɒɕɋɓɗɎɖɔɈɆɓɓɡɏ ɍɔɓɊ ȱɋɓɉɒɤɖɆ)

- ɎɍɒɋɖɋɓɎɋ ɣɓɋɖɉɋɘɎɝɋɗɐɔɉɔ ɗɕɋɐɘɖɆ ɎɔɓɔɈ(RFEA)

- ɎɍɒɋɖɋɓɎɋ ɕɔɘɔɐɆ ɎɔɓɔɈ (ɍɔɓɊɡ Ɏ ɒɔɊəɑɥɜɎɥ ȨȽ-

ɗɒɋɟɋɓɎɥ)

- ɒɆɗɗ-ɗɕɋɐɘɖɔɒɋɘɖɎɥ

- ɗɕɋɐɘɖɔɗɐɔɕɎɥ(ɣɒɎɗɗɎɔɓɓɆɥ, ɆɇɗɔɖɇɜɎɔɓɓɆɥ, ɑɆɍɋɖɓɆɥ, 

ɆɐɘɎɓɔɒɋɘɖɎɥ)

- in situ ɣɑɑɎɕɗɔɒɋɘɖɎɥ

- ex situ ɊɎɆɉɓɔɗɘɎɐɎ ɔɇɖɆɍɜɔɈ(SEM, EDS, XPS, SIMS, FTIR, 

SE é)
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ȶɆɍɖɆɇɔɘɐɆ ɗɎɒəɑɥɜɎɔɓɓɡɛ ɒɔɊɋɑɋɏ

Á1D fluid model of RF CCP discharge (low and middle gas pressures)

Á1D PIC model of RF CCP discharge (single frequency and dual-
frequency

Á1D hybrid PIC-fluid model of RF CCP discharge

Á1D hybryd model pd AC discharge in plasma display panel cell

Á3D model of multi-filament CVD reactor

Á3D model of DC arc-jet CVD reactor

Á2D fluid model of DC positive column

ÁMonte-Carlo and Two-Term Approximation (TTA) Solvers of kinetic 
Bolzmann equation

ÁExtensive plasma-chemistry database and sets of electron cross 
sections for various gases



ȲɔɊɋɑɎɖɔɈɆɓɎɋ ɕɑɆɍɒɔɛɎɒɎɝɋɗɐɎɛ ɕɖɔɜɋɗɗɔɈ 

Ɉ CHF3 Ɏ CHF3:H2:O2 ɉɆɍɔɈɡɛ ɗɒɋɗɥɛ

IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 35, NO. 6, DECEMBER 2007

µ ȵɔɑəɝɋɓ ɗɆɒɔɗɔɉɑɆɗɔɈɆɓɓɡɏ ɓɆɇɔɖ 

ɗɋɝɋɓɎɏ ɣɑɋɒɋɓɘɆɖɓɡɛ ɕɖɔɜɋɗɗɔɈ Ɋɑɥ 

CHF3. ȳɆɏɊɋɓɡ ɗəɒɒɆɖɓɡɋ Ɏ 

ɕɆɖɜɎɆɑɢɓɡɋ ɗɋɝɋɓɎɥ ɊɎɗɗɔɜɎɆɜɎɎ 

ɣɑɋɐɘɖɔɓɆɒɎ. ȨɕɋɖɈɡɋ ɕɔɐɆɍɆɓɆ ɈɆɌɓɆɥ 

ɖɔɑɢ ɜɋɕɓɡɛ ɖɋɆɐɜɎɏ Ɉ ɐɎɓɋɘɎɐɋ ɆɘɔɒɔɈ F, 

H Ɏ ɖɆɊɎɐɆɑɔɈ CFx
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ʄɽʍɸʅʀɿʄ ɿɸʇɽʏɸʊʓɺɸʅʀʗ ʇʆʈ ɺ OSG LOW-K ʇʃɽʅʂɸʍ ʇʆɼ ʀʆʅʅʆʁ 

ɹʆʄɹɸʈɼʀʈʆɺʂʆʁ

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʄɻʋ-IMEC, ɹʝʣʴʛʠʷ

ʅʘʥʦʧʦʨʠʩʪʳʝʧʣʝʥʢʠ ʦʨʛʘʥʦʩʠʣʠʢʘʪʥʦʛʦʩʪʝʢʘʣ (OSG)ʩ 

ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʦʡkʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʞʩʣʦʡʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʉɹʀʉ. ʇʣʘʟʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʠʭ ʜʝʛʨʘʜʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʷ ʟʥʘʯʝʥʠʝ k, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʷ ʠʭ ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʆʜʥʘʢʦ, ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ OSG ʧʣʝʥʦʢ ʧʦʜ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚʦʟʤʦʞʥʘ 

ʜʝʥʩʠʬʠʢʘʮʠʷʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩ ʟʘʧʝʯʘʪʳʚʘʥʠʝʤ ʧʦʨ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʧʣʝʥʦʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʘʢʪʠʚʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʟ ʧʣʘʟʤʳ.   

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʟʘʧʝʯʘʪʳʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ low-k OSG ʧʣʝʥʦʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʥʦʡ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʟ ʧʣʘʟʤʳ.ʀʩʩʣʝʜʦʚʘʥ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʧʦʨ, ʪʠʧʘ ʠ ʵʥʝʨʛʠʠ ʠʦʥʦʚ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʥʩʠʬʠʢʘʮʠʷʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩ 

ʟʘʧʝʯʘʪʳʚʘʥʠʝʤ ʧʦʨ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʢʦʣʣʘʧʩʘ, ʘ ʥʝ 

ʨʘʟʨʫʰʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʨ  (ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ 

ʧʣʘʟʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ ʚ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʉɹʀʉ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ < 20-30 

ʥʤ.

ʅʀʀʗʌʆʄʕ

Plasma Process Polym. 
2020;17:e1900165 
https://doi.org/10.1002/ppap.201900
165
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ȦɈɘɔɒɆɘɎɍɎɖɔɈɆɓɓɡɋ ɊɎɆɉɓɔɗɘɎɝɋɗɐɎɋ 

ɗɋɓɗɔɖɡ

ȶɆɍɖɆɇɔɘɆɓ  ɖɥɊ ɆɈɘɔɒɆɘɎɍɎɖɔɈɆɓɓɡɛ ɗɎɗɘɋɒ Ɏ ɗɋɓɗɔɖɔɈ Ɋɑɥ ɊɎɆɉɓɔɗɘɎɐɎ ɓɎɍɐɔɘɋɒɕɋɖɆɘəɖɓɔɏ 
ɕɑɆɍɒɡ, Ɉ ɝɆɗɘɓɔɗɘɎ ɕɑɆɍɒɡ Ɏɗɕɔɑɢɍəɋɒɔɏ Ɉ ɗɔɈɖɋɒɋɓɓɡɛ ɈɡɗɔɐɔɝɆɗɘɔɘɓɡɛ ɕɑɆɍɒɔɛɎɒɎɝɋɗɐɎɛ 
ɖɋɆɐɘɔɖɆɛ ɘɖɆɈɑɋɓɎɥ Ɏ ɔɗɆɌɊɋɓɎɥ 
Ƀɘɔ ɗɎɗɘɋɒɡ ɎɍɒɋɖɋɓɎɥ ɕɑɔɘɓɔɗɘɋɏ Ɏ ɣɓɋɖɉɋɘɎɝɋɗɐɎɛ ɗɕɋɐɘɖɔɈ ɣɑɋɐɘɖɔɓɔɈ Ɏ ɎɔɓɔɈ. Ȩ ɘɔɒ ɝɎɗɑɋ 
ɕɔɘɔɐɆ Ɏ ɗɕɋɐɘɖɔɈ ɎɔɓɔɈ, ɕɖɎɛɔɊɥɟɎɛ ɓɆ ɔɇɖɆɇɆɘɡɈɆɋɒəɤ ɕɔɈɋɖɛɓɔɗɘɢ ɓɋɍɆɈɎɗɎɒɔ ɔɘ ɘɎɕɆ 
ɒɆɘɋɖɎɆɑɆ. Ƀɘɔ ɍɔɓɊɔɈɡɋ ɗɎɗɘɋɒɡ ɓɆ ɔɗɓɔɈɋ ɈɝɐɔɒɕɋɓɗɎɖɔɈɆɓɓɡɛ ɍɔɓɊɔɈ ȱɋɓɉɒɤɖɆɎ ɆɐɘɎɈɓɡɛ 
ɗɈɝɍɔɓɊɔɈ. ȨɝɐɔɒɕɋɓɗɎɖɔɈɆɓɓɡɏ ɆɓɆɑɎɍɆɘɔɖ ɗɕɋɐɘɖɆ ɎɔɓɔɈ ɓɆ ɑɤɇɔɒ (ɈɝɓɆɉɖəɌɋɓɓɔɒ 
ɣɑɋɐɘɖɔɊɋ). Ȩɗɋ ɗɎɗɘɋɒɡ ɕɔɑɓɔɗɘɢɤ ɆɈɘɔɒɆɘɎɍɎɖɔɈɆɓɡ Ɏ ɊɔɈɋɊɋɓɡ Ɋɔ əɖɔɈɓɥ 
ɆɈɘɔɓɔɒɓɡɛ ɜɎɚɖɔɈɡɛ ɕɖɎɇɔɖɔɈ. 
ȳɆ Ɏɛ ɔɗɓɔɈɋ Ɏ ɇɡɗɘɖɡɛ ɐɔɒɕɢɘɋɖɓɡɛɒɔɊɋɑɋɏ ɘɆɐɌɋ ɕɔɗɘɖɔɋɓɡ ɈɎɖɘəɆɑɢɓɡɋ ɗɎɗɘɋɒɡ ñreal-timeò 
ɆɓɆɑɎɍɆ ɕɑɆɍɒɡ, ɕɔɘɔɐɆ Ɏ ɗɕɋɐɘɖɆ ɎɔɓɔɈ  ɓɆ ɔɇɖɆɇɆɘɡɈɆɋɒəɤ Ɉ ɕɑɆɍɒɋ ɕɔɈɋɖɛɓɔɗɘɢ, 
ɎɗɕɔɑɢɍəɤɟɎɋ ɈɓɋɞɓɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ əɗɘɆɓɔɈɐɎ Ɏ ɕɆɖɆɒɋɘɖɡ ɖɆɍɖɥɊɆ. 
Ȩ ɗɔɈɔɐəɕɓɔɗɘɎ ɕɔɊɔɇɓɡɏ ɕɔɊɛɔɊ ɕɔɍɈɔɑɥɋɘ ɖɆɍɖɆɇɔɘɆɘɢ Ɏ ɗɔɍɊɆɘɢ ɗɎɗɘɋɒɡ 
ɕɖɋɜɎɍɎɔɓɓɔɉɔ ɐɔɓɘɖɔɑɥ ɕɑɆɍɒɡ Ɏ ɔɇɖɆɇɔɘɐɎ ɒɆɘɋɖɎɆɑɔɈ Ɉ ɕɑɆɍɒɋɓɓɔɏ ɘɋɛɓɔɑɔɉɎɎ, 
ɔɗɔɇɋɓɓɔ Ɉ ɒɎɐɖɔɣɑɋɐɘɖɔɓɎɐɋ. ȷ Ɏɛ ɕɔɒɔɟɢɤ ɒɔɉəɘ ɇɡɘɢ ɗɔɍɊɆɓɡ ɘɔɝɓɡɋ ɆɑɉɔɖɎɘɒɡ 
əɕɖɆɈɑɋɓɎɥ ɕɑɆɍɒɔɛɎɒɎɝɋɗɐɎɒ ɕɖɔɜɋɗɗɆɒɎ, əɝɎɘɡɈɆɤɟɎɋ ɕɖɔɎɗɛɔɊɥɟɎɋ ñreal -time ò 
ɎɍɒɋɓɋɓɎɥ Ɉ ɕɖɔɜɋɗɗɋ, ɖɋɆɐɘɔɖɋ Ɏ ɘ.ɕ. Ƀɘɔ ɔɇɋɗɕɋɝɎɘ Ɉɡɗɔɐəɤ ɈɔɗɕɖɔɎɍɈɔɊɎɒɔɗɘɢɎ 
ɐɆɝɋɗɘɈɔ ɕɖɔɜɋɗɗɆ. ȴɗɔɇɋɓɓɔ ɣɘɔ ɈɆɌɓɔ ɗ ɕɋɖɋɛɔɊɔɒ ɓɆ ɓɒ, ɚɆɐɘɎɝɋɗɐɎ ɆɘɔɒɆɖɓɡɏ əɖɔɈɋɓɢ 
ɔɇɖɆɇɔɘɐɎ, ɓɆɕɖɎɒɋɖ Ɉ ɕɖɔɜɋɗɗɆɛ ɕɑɆɍɒɋɓɓɔɉɔ ɆɘɔɒɓɔɗɑɔɋɈɔɉɔ ɘɖɆɈɑɋɓɎɥ (ALE) ɎɑɎ ɔɗɆɌɊɋɓɎɥ  
(ALD).     
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