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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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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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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 C4Fs plasma in the deposition step [14,17].
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Fig. 3. (a) Chemical information of C4Fs and C4sH3F70 fluoro-ethers and fluoro-alcohol isomers used in this study, (b) etch selectivity for SiO2
to Poly-Si and SisN4 to Poly-Si of C4Fs/Ar plasma, HFE-347mcc3/Ar plasma, HFE-347mmy/Ar plasma, and PPC/Ar plasma as a function of
the source power at bias voltage 700 V, (c) mass spectra at source power 50 W and bias voltage 700 V, and (d) etching profile SiO2 with the

200 nm hole pattern [26].
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Bosch Process
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Etching
g Etching step Deposition step
Discharge gas SF; C.Fyor C,F;

Flow rate (sccm) 5 20
Pressure (mTorr) 5 50
Source power (W) 200 200
Bias voltage (V) -100 -50

20 cycle

40 cycle 40 cycle

80 cycle

Fig. 4. (a) Schematic of the individual steps in the Bosch process, (b) process conditions in the etching and deposition steps of the Bosch
process, and (c) etching profile comparison using CsFs and C4F¢ gas [17].
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