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Abstract: Currently, semiconductor manufacturing industry heavily relies on a wide range of high global warming potential

(GWP) gases, particularly during etching and cleaning processes, and their use and relevant carbon emissions are subject to

global rules and regulations for achieving carbon neutrality by 2050. To replace high GWP gases in near future, dry etching

using alternative low GWP gases is thus being under intense investigations. In this review, we report a current status and recent

progress of the relevant research activities on dry etching processes using a low GWP gas. First, we review the concept of GWP
itself and then introduce the difference between high and low GWP gases. Although most of the studies have concentrated on

potentially replaceable additive gases such as C4Fs, an ultimate solution with a lower GWP for main etching gases including CF4

should be developed; therefore, we provide our own perspective in this regard. Finally, we summarize the advanced dry etch

process research with low GWP gases and list up several issues to be considered in future research.
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ZF i 242 o2 2ol st 2™ 1).

SHATRE AR §E=A] A4 AZF 27 ofl AFRE = 7HA B
CF4, CoFs (FIAIE R 2 208 CaFg (SEFEF o2 n 21
Ql), C4Fs &2 PFCsU, CHF3 (232 % E), CHyF, (t}
o|ZZ ZHH|Ql), CHsF (BF 2 E|Ql)et 22 HFCs
7tA s COL0 | vlal| 53] =2 A|G--2HeHR|(GWP)E 7}
Atk CO.7t 19 GWP A& 7HA]+= 8HH, CFy= 100
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TR AT 23] A s dY =2 HE =2
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st whdolct. oix|gto 2 ‘Zha'e ALRSh 7tAS OHE
7YA R A A Y A A 5= FCs, HFCs &

P
o] 1GWP 7tA vl &2 £0]7] ¢l W2 s|AtZo] thest
Ug Alestal ot [4,5]. A€ E°], SK Hynixe
A2 9HS £Qlsion, PFCs /A 2 2= of mhet 23]
0] O & & ol &all 2 AAA 7HAE Bolltt U
Q2] = Ap8Sict. 1R} 23 2H(point of use
scrubber, POU), 0|5 A 3 2] (middle wet scrubber),
2&F A3 2]#(main wet scrubber)2 A9 30 & 2]
ARME 1A PFCs, SFe, N2O 59 2A7IA S Folishal
QIT}. AP RRFE T3t 2ATLA WiE-S AZetr] 9sl B
A 7ba Aejet AAoIUAl AHS-2 Scish 9ot [6]. 2
A 71 Ae) Aol 222 FAo1] 99 Aulo] Y

5000 - e Type Chemical name Role Etching Target GWP (100 year)
[ Hrcs CF, Sio, 6,500
~ 4000 [ SFs | SFg Main etching gas Poly-Si 23,900
S et . NF, Cleaning, Metal 8,000
p CHF, SizN, 11,700
2 3000 —] CH,F, Additive SigN, 675
‘s c-C,F, passivation 8,700
E 2000 Chlorine Bcél3 Main etching gas pgﬂsesti?llétiscln
§ Bromine HBr Additive Si
< 41000 He Additive Plasma
= e Ar Additive Plasma
N, Additive Side wall
T T T reaction inhibition
2016 2017 2018 - [¢) Additive Etch rate control
Year = H, Additive Etch rate control

Fig. 1. (a) Current status of greenhouse gas emissions from semiconductor and display industries and (b) gases used in semiconductor dry
etching process [The source of (a): Greenhouse Gas Inventory & Research Center of Korea].
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AAE 236 2R 2722 ZefR0t A7 ab
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23t Aol gi7] Fofl 3l stol=SA 2tz ute] vt

5788 3 S7HAI717] Wi2oll 2 GWP e 2=t

lo oy

w=

ofebd 2ol ATAS et B20.27HE JEAS of
835 ALE5o] &dolA x18%sta et [23-27]. 20184,
AAdddisty A" DF-CCP (Dual Frequency-
Capacitive Coupled Plasma) AJAElE 0]&5}0]

GWP<1002 71X]= C3FsO 7k 0] Tt AlZF £
o ulwats ATE FAYC [23]. To] 4T 3
= 742 T=0] vwstr] Yol CaFeE AMEE Tl 025
A 7}sto] 1 A1tE hexafluoropropylene oxide (C3FgO)

e vlustion], 12 At CsFeO7} afi2] &= vl&0] =71

’d& CaFs

5t

1@ 48 sSEI

Fig. 2. (a) Fluorocarbon deposition and etch rates as a function of Ar additive to C4Fs and C4Fs at 600 W inductive power, 20 mTorr pressure,
and 40 sccm gas flow without and with -100 V rf bias, respectively and (b) SEM micrographs of the etch profiles obtained after 20 cycles of
the Bosch process using C4Fs and Cs4Fs plasma in the deposition step [14,17].
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G5t AlZE]o] meaplo] L35t 445 Ve A
ghelgto 2 4 C3Fe07} CaFsZ MY & A= 7t 2
NS

2020 re2jdistw AFEHE ICP Y& AF
SiON, Si, PMMA 37} 2t&of] tjjst A17F EXAJ-S b
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7t Aat 55| PPC Z2f=0tof|A] Poly-Siof tfjst SiO,}
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Ammospheric
Name Chemical formula lifetime GWP
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