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o HXI &3 (5N - 99.999%):
m O2+Ar: < 1 ppm > (E= 02 < 1 ppm %)
m N2: < 2-5ppm?>
m H20 (=&): < 1 ppm >
m CO: <03-05 ppm >
m CO2: <0.3-2 ppm °
m SF6: < 0.3-1 ppm °
m 7|Et FZIHE (C2F6, OFC, TFC): < 1 ppm °
m 3 EtStA (THO): < 0.3-1 ppm °
m AME (HF 7[F): < 0.1 ppmw 7
o 7|Et S8 A2 7ks (Ol: 4N5 - 99.995%, 4N - 99.99%) 2+& {8&0| O

Lo 27
F= =

3}stAl: C2F6 (PFC-116, R116 L2 & 2%
EM. ZM 23 £0d, HuN =224 7tA E=H: -78.2 °C. U 7| =FO0| Of&

Z 0 GWP 7} =X|2k11,1700 AR5 / 12,200) ODP = 0 I L|C}30 2Xt2F 138.01

g/mol.3°
S& 0k 2t3d 0|2 A Va2, BF de|2 2D} MetE 8 HaotEo MK
AZHo| AR ELICEH [P (A0 AFEE), 4. =2 80| CF3 2tC|Z sa’E

J

FIBELICE? M MFOIE AFSED 1 R E YRIAE AE21HE 28| 02

Sot=0ro "7rE LTS dof 2 7B MY & ZOH0| AFEE LICES
=k S5 % AL (0AD):
o HXt & (5N - 99.999%):

m O2+Ar: (02 < 1 ppm) 3

m N2 <5ppm

m H20 (=&): < 1-2 ppm *
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CO: <

CO2: <

7|Et SI|1E/ERRZFIE: < 1 ppm 33

1 ppm 33

1 ppm 33

A& (HF 7|F): < 0.1 ppmw 33

Et 52

AHE 7Hs (O]: 4N5 - 99.995%).32 Daikin 2 5N O| &9 = &

YAIRL T3

3.3 ZEIERQEIZ 2T (C3F8)

3}stAl: C3F8 (IHE ST 2T R-218 22 22 {T)

S48: FM 7tA OfH 2 B, =88, 58 BT -367 °C. &2 GWP. 2A1E:
188.02 g/mol. H{u ™ =2 Z7|4

28 20k RTAH|(SI02, Si3N4, /)| E2t=0 A2t 4 B34 0|2 Al ZHRIE) H
SRS ZE AXS HA(ALE)O| AL ELCEY Bl A £2 FC H[Z(8:3)2 2o}
S MHo| Z2t=0r MEH = AFSEL|CH WOHE AL L T

= S5 R AP BEH AF0l= ek Sa(0: 5N)O| EeeL o £3
== HOlEH= &AL T & ALE 71 SHX| B UHP s&2] 8% CF4 & C2F6
oF Atst IEHE S A YULICEH Messer = 5.0 (99.999%) S22 LIEgL|Ct?
AAER L2 HEIL| A (C4F6)

BEHM: CAF6 (MR 2R 1,1,2344-SAHER2-1,3-FELC| )

£4: Mol kA BN BF =4, 7tAd. F=8: 5.5 °C. Z3} PFC Of H[3|
GWP 7} &0t 2td XgtH o= 7hFEE L CH At 162.03 g/mol.’
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- £E% g 2% 9l 42 2|(DRAM, 3D NAND) M =AM DZZH|(
A
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m 7|Et EFREIIE: < 200 ppmv ¥’
m O[AZEE AAZ: < 20 ppmv ¥/
m 7|Ef Etobg=A < 250 ppmy 7

m HF: <10 ppmv 3/

o S5 3(99.9%)E At 7t5.37

3.5 SEIEF2EA0|Z 25T (c—C4F8)

o 3}8HAl: —C4F8 (12| =, Halocarbon €318, R-C318 2 2= A7)

o 5. 2M I3 E0Y W3} A BT -5.8 °C. =2 GWP (9,540). EXHE:
200.03 g/mol. 40

o 38 EO0kSi02 X 7|EF RTA Al2to] H2| AHE LM, HeHd AAE 5= 5
E9o2 HItERELICHT £3] 3D NAND 2| HAR 4120 S 2HL|CH39 NF3 0f
CHEE MH| 8, MuiE MH ME 7tA it 2 A& L ChY

o =& ST H AL (GllA]):

o
ra
P
N
=

EH S3 (5N - 99.999% = 4N5 - 99.995%):

O2+Ar: < 1 ppm 4 (= 02 < 1 ppm %, 4 ppm #9)

m N2: <2 ppm 4 (EEE < 3 ppm %%, 16 ppm #3)

m H20 (F&): £ 1-3 ppm *° (EE& < 10 ppm #3)

m CO: <05 ppm #°

m CO2: < 0.5 ppm 4

m 7|Et ERREIIE/FIIE: < 2-4 ppm Y (E= < 20 ppm *3)
m AME (HF 7[&): < 0.1 ppmw “°

o =2 53 (0: 3N, 3N8)E AR 7hs.42

3.6 &F=3H|Et (CHF3)

°
lot

}SHAl. CHF3 (HFC-23, R23 22 &7

‘qd: 4 7tA ofZhol ofH = "M, 2¢d. F53: -82.1 °C.

1 — a.

°
dim
M5



3.7

A2 EIAHFOE EFELUCE =2 GWP (12,400)." At 70.01 g/mol.#
88 =20k 55| Si02 A Si3Ng AlZH0f| 22| A8 k= E2t=0F AZH 0|, 5
SoE2 AFSELCH =40 EX= PFCOf s E2|0 "o X Azt E40
AekS OJELICE: 3D NAND 3 DRAM A1 Z{of| A& ElL|Th X2 dof %
AN ZEE AFEELCES

= S5 R AP (0lAD):

o
rad

Xt S5 (5N - 99.999%):
37| (N2+02+CO+C02): < 5 ppmv “¢ (EE= N2 < 4 ppm, 02 < 1 ppm,
CO < 0.5 ppm, CO2 < 0.5 ppm #¥)

m H20 (&) < 2 ppmv * (E£ < 10 ppm #9)
s 7|Et R7|2: < 3 ppmv “ (££ < 1 ppm “8)
m AME (HF 7[F): < 0.1 ppmw “°

o 7Z|Et S5 A& 7ts (O 3N, 3N5, 4N5).46

A HE3E (NF3)

SthAl: NF3

Ed: FM 23 JtA 2 M3k =8 -129.0 °C. &2 GWP (16,100 / 17,200
/ 17,200)."4 2Xt2E: 71.00 g/mol."2

S8 20k T2 H2[Z 7|t HTE MAHE @IS CVD/PECVD A|[AHEIS| I8 &
M ME 7tz AAEEL O L8 Eatx0 A2t 57 S HE CIAFE0], Ef
MX| MZ=0| = AFSELCH E2t =00 22 82|82 S5 F 22

= S5 % AFZ (0lAl):

o HMX} S2 (4N6 - 99.996% =+ 5N - 99.999%):
m O2+Ar: < 0.3-3 ppm @
m N2: < 1.5-5ppm '?
m H20 (F&): < 0.1-1 ppm 2



w
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m CO: < 1ppm'

m CO2: < 0.5-3 ppm '?

m CF4: < 3-20 ppm 2

m SF6: < 2-3 ppm ?

m N20: < 1-3 ppm 2

m C2F6: < 0.1 ppm #°

m A& (HF 7[F): < 0.1-1 ppm 2

F2 53 (O: 4N - 99.99%) = AHE 7+s.72

IA

o
A

K222 (SF6)

otstA: SF6

Ed: M 23, 204, et¥ ez 22Y, 2ot f8 £4. F58:-637 °C
(&3h. FE2 &2 GWP (22,800 / 23,500) ! 01 ZI CH7| =& (~3200 H).16
=Xt 146.06 g/mol.>

S8 B0k F= 7| AAOM DX Y JHE FA| X 2|2 AEH|o) R HAK R
Of3 AT E A ELCH® B X0 M= S2t=0r A 2H(ES| H2|2) X MH
MIEOl A E[X|TF, =2 GWP 2 QI8 AFE0| A5t AL CH D4l 44t
X FH VAR ARSELCEO

=& 5 A AL (GA]):

o XIFE & (5N - 99.999%):

37| (02+N2): < 4 ppmw 53
H20 (=&): < 2 ppmv >3

m CF4: <05 ppmw °3

m A& (HF 7[F): < 0.05 ppmw °3

n /tEd 22t= < 0.2 ppmw 3
m CO: <05 ppmw °3

m CO2: < 0.5 ppmw >3
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AU 0] UHP(SN i RA) AYS 2008 HYLITH AlYe B2YH L S
S0 et o7t ThE & YLt

=TS CF4 (5N) C2F6 (5N) | c—C4F8 CHF3 NF3 SF6 (5N)
(5N) (5N) (4N6/5N)
O2+Ar <1 < 1(02) <1(02) <5 (&) <03-3 <4 (37])
N2 <2-5 <5 <2-3 <4 <15-5 7| LH
H20 <1 <1-2 <1-3 <?2 <01-1 <?2
(ppmv)
CcO <03-05 <1 <05 <05 <1 <05
co?2 <03-2 <1 <05 <05 <05-3 < 0.5
7|E} FC <1 <1 <2-4 <1- CF4 < 3- CF4 < 05
7|%) 20
ALE (HF) < 0.1 < 0.1 < 0.1 < 0.1 <01-1 < 0.05

A1 ALGH2 OJAIO/] * o LJOJEZ 7|2 BILIL}. FHls

= ppmw(a EHZE X &L/
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oto|matel = ST EMEE Ef UHP 7H2[0] 7FA(N2, 02, Ar, H2, He,
L|CE64 ALOHA™ 2 Voltaix™ EMEZ g 2T TAM)E

Nastn, 2= 7tAE Zest MX E W2 E M-S LT =4

MY, 22 2 XE 78S 2L CHS EH|

ot HE&

USLICLT 7 AL E S55ls 58 EFE7I20] XA &[0 /UK

S LICEY

o ZIAFO/E: https://www.airliquide.com/, https://electronics.airliquide.com/ ©7

o QX YAIOIE = 5§ XY AKX S &

Merck KGaA (20| EMD Electronics): BtEX| A QS Q3 MEXO ET |2
2N MSEHEZE, 7tX AtE2l o2 BHAM s L e 5 Z

EEE8 Ex VI2E MUt 22 Sl K228 M A4S IS C4F6
(Hexafluorobutadiene VLS| 52)& &2 g LICH38 Micron 1t 242 0240F A5t
GWP 7t &2 Azt 7tAE 725t NMP, TMAH, DMSO o Z2 2
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= S S|
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UqSHLLO 7 e ALZI0= C4F6 2|2 58 EFLETHE0| XtA[5] 2 H &[0
UX| =L CFe?
o ZALO/E: hitps://www.merckgroup.com/ 68

o OIZK: YAO|E S3 &

SK Materials (SK Inc. A|€Ah: MAt M2, ES| E+ 714 &
°

St 719475 NF3 M4t 20fol 224 A& X

C2F6, CF4, CAF8, C2HF5, CH3F, C4F6, CH2F2, CHF3, HBr S C}QFst AlZt
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and Hydrofluorocarbon (CHF3 and C4H2F6) Precursors for the Greenhouse Gas

Emissions Reduction, 4 & 28, 2025 Off A
Dioxide, Silicon Nitride, and Amorphous Hydrogenated Silicon Carbide -

(PDF) Role of Fluorocarbon Film Formation in the Etching of Silicon, Silicon

https://pmc.ncbi.nlm.nih.gov/articles/PMC10456486/
2. SURFACE AND GAS PHASE REACTIONS FOR FLUOROCARBON PLASMA

1. Characterization of SiO2 Plasma Etching with Perfluorocarbon (C4F8 and C6F6)
ETCHING OF SiO2 - Mark Kushner Group, 4

3.


https://pmc.ncbi.nlm.nih.gov/articles/PMC10456486/
https://cpseg.eecs.umich.edu/pub/presentations/dazhang_icops2000.pdf
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11.

ResearchGate, 4 & 28, 2025 Of] A2,
https://www.researchgate.net/publication/228580751_Role_of_Fluorocarbon_Film

_Formation_in_the_Etching_of_Silicon_Silicon_Dioxide_Silicon_Nitride_and_Amorp

hous_Hydrogenated_Silicon_Carbide

Construction and validation of C3F8 electron impact and heavy particle
reaction scheme for modeling plasma discharges - AIP Publishing, 4 & 28,
2025 O] A M=,
https://pubs.aip.org/aip/pop/article/31/3/033504/3278249/Construction-and-
validation-of-C3F8-electron

Electronic Grade 99.999% Purity Carbon Tetrafluoride CF4 .., 4 & 28, 2025 Of
M|, https://tyhjgas.en.made-in-china.com/product/bQGpWLoMYjhJ/China-
Electronic-Grade-99-999-Purity-Carbon-Tetrafluoride-CF4-Semiconductor-Use-
Gas.html

Electronic Grade High Purity 5n 99.999% Tetrafluoromethane CF4 for
Semiconductor Industry, 4 & 28, 2025 Off @ M|, https://taiyugas.en.made-in-
china.com/product/AduTKEnMOzay/China-Electronic-Grade-High-Purity-5n-99-

999-Tetrafluoromethane-CF4-for-Semiconductor-Industry.html

. Octafluoropropane — C3F8 — Quality & Service — Messer - Specialty Gases, 4 &

28, 2025 Of M|, https://specialtygases.messergroup.com/octafluoropropane
Hexafluorobutadiene (HFBD, C4F6) (CAS 148043-73-6) - Valliscor, 4 & 28,
2025 O M A, https://www.valliscor.com/hfbd-c4f6/

Semiconductor applications - Fluorocarbons, 4 & 28, 2025 Of A2,

https://www.fluorocarbons.org/_old/semidonductor-applications/
Other Applications - Fluorocarbons - EFCTC, 4 & 28, 2025 0f] A2,

https://www.fluorocarbons.org/applications/other-applications/

Fluorinated gases for semiconductor manufacture: Process advances in
chemical vapor deposition chamber cleaning - ResearchGate, 4 & 28, 2025 0f
AN|2,

https://www.researchgate.net/publication/244265970_Fluorinated_gases_for_sem

iconductor_manufacture_Process_advances_in_chemical_vapor_deposition_cham

ber_cleaning
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Nitrogen Trifluoride, NF3 Specialty Gas, 4 & 28, 2025 Off A,

https://www.taiyugas.com/specialty-gases/nitrogen-trifluoride-nf3.html

Chamber Cleaning Optimizations Can Reduce Carbon Emissions by 32%, 4 &
28, 2025 Off M|, https://newsroom.lamresearch.com/chamber-clean-cuts-co-
32-percent

Low Global Warming Potential Alternative Gases for Plasma Chamber Cleaning,
4 & 28, 2025 Off AN,
https://www.researchgate.net/publication/316521723_Low_Global_Warming_Pot

ential_Alternative_Gases_for_Plasma_Chamber_Cleaning
SK materials, 4 & 28, 2025 0f| A2,
https://www.skspecialty.com/new/eng/pdf/brochure_eng.pdf

Sulfur Hexafluoride for Switchgear & Electric Industries - EFC Gases &
Advanced Materials, 4 2 28, 2025 Of A2,
https://www.efcgases.com/applications/electric-and-switchgear/
Sulfur Hexafluoride (SF6) Basics | US EPA, 4 & 28, 2025 Off A,

https.//www.epa.gov/eps-partnership/sulfur-hexafluoride-sf6-basics

Chamber Cleaning Optimizations Can Reduce Carbon Emissions by 32%, 4 &

28, 2025 O] AN, https://newsroom.lamresearch.com/chamber-clean-cuts-co-

32-percent?blog=true

Dry Cleaning of Fluorocarbon Residues by Low-Power Electron Cyclotron
Resonance Hydrogen Plasma - Journal of the Korean Physical Society, 4 & 28,
2025 O A M=,
https://www.jkps.or.kr/journal/download_pdf.php?spage=108&volume=33&num

ber=9(2)
Greener Options for Plasma Cleaning in Semiconductor Manufacturing |
Techinsights, 4 & 28, 2025 Off M A,

https://www.techinsights.com/blog/greener-options-plasma-cleaning-
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Electronics | Solvay, 4 & 28, 2025 0f &M, https://www.solvay.com/en/our-
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