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Abstract   

 
Semiconductor processing of next-generation electronics increasingly relies on robust pattern transfer technologies that 

can be adapted to diverse compatible resist material formulations and pattern transfer protocols. Here, we developed 

reactive ion etching (RIE) protocols for the prototype devices using distinct resist chemistries: organic non-chemically 

amplified resist (n-CAR) and metal-organic cluster (MOC) resist. The designed resists are well established for their high-

resolution performance across next-generation lithography (NGL) technologies, through robust investigation of their 

distinct etching and process integration strategies. For frontline semiconductor platforms, likewise Si/Ge, the organic resist 

was combined with a conventional wet development process, followed by an optimised RIE step to achieve high-fidelity 

pattern transfer in semiconductor material. Moreover, for hygroscopic and solvent-selective systems, such as halide 

perovskites, where wet development is inhibited, novel MOC resists were employed due to their superior etch resistance 

and enhanced selectivity toward standard etchants, including SF6 chemistry. This enables dry development and controlled 

feature transfer without solvent exposure.  

 

Introduction 
Continued scaling of semiconductor and emerging electronic devices has made pattern transfer more critical, rather than 

lithographic resolution alone, a central challenge in device fabrication. Although next-generation lithography (NGL) 

technologies, including extreme ultraviolet lithography (EUVL), electron-beam lithography (EBL), and helium-ion beam 

lithography (HIBL), are capable of defining features well below 10 nm, the final feature size accuracy and structural 

integrity of these patterns are governed by the subsequent resist development and plasma etching protocols, used to transfer 

them into nano features. With the increasing adoption of heterogeneous device architectures incorporating semiconductors, 

compound materials, and hybrid stacks, mismatches between resist chemistry and etch processes have become a critical 

limitation in overall process integration. 

Reactive ion etching (RIE) continues to serve as the primary pattern transfer technique due to its anisotropic ion 

bombardment, flexible plasma chemistry, and compatibility with high-aspect-ratio nanostructures1,2. However, plasma-

induced phenomena such as resist erosion, line edge roughness (LER) increment, and near-surface substrate damage are 

strongly influenced by the chemical composition and mechanical stability of the lithographic resist1,2. The conventional 

organic chemically amplified resists (CARs)3,4 and non-chemically amplified resists (n-CARs)5–8, are the mainstay 

materials for the latest lithography techniques such as DUV, immersion-based and EUV lithography. The conventional 

organic resists exhibit high sensitivity and resolution; however, their resistance to fluorine- and oxygen-based plasmas is 

comparatively limited. During RIE, this can lead to noticeable resist erosion, which often requires either thicker resist 

coatings or the use of additional hard-mask layers to preserve pattern integrity. Such adjustments increase process 

complexity and can introduce variability during pattern transfer. 

In addition to plasma stability, the development step plays a critical role in determining compatibility with different 

material platforms. Wet chemical development, widely used for organic resists, may not be suitable for hygroscopic or 

solvent-sensitive materials such as halide perovskites and certain low-dimensional semiconductors. Solvent interaction 

during development can cause swelling, feature deformation, compositional changes, or interfacial degradation. Even short 

exposure times may alter stoichiometry or generate defect states, thereby affecting device performance and long-term 

stability. For these material systems, conventional wet-processed lithography can therefore become a limiting factor in 

achieving reliable nanopattern transfer. 
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To address these limitations, resist systems with more robust inorganic frameworks have been explored, particularly 

metal-oxide9 and metal-organic cluster (MOC) resists10–13, have attracted growing interest because of their inherently 

higher plasma durability and favourable etch selectivity. The inorganic backbone of these resists provides enhanced 

resistance to fluorine-based plasmas such as SF6 / CF4, enabling the use of thin resist coating while maintaining pattern 

fidelity. Consequently, inorganic resists are increasingly regarded not only as high-resolution lithographic materials, but 

also as enablers of robust lithography-to-etch integration14,15. 

Nevertheless, resist development and plasma etching are addressed as largely independent process steps, typically 

optimised for a single resist formulation or a specific substrate. Fewer studies consider how resist chemistry, development 

route (wet or dry), and plasma conditions interact when integrated into a complete pattern-transfer flow. Direct 

comparisons between conventional organic resists (n-CARs) and hybrid MOC-based resists, particularly across substrates 

with substantially different chemical and mechanical stability, such as Si / Ge in contrast to halide perovskites, remain 

relatively uncommon. 

Here, we present an integrated lithography-to-etch process framework based on two fundamentally different resist 

platforms: a long-chain organic non-chemically amplified resist (n-CAR)16, poly-MAPDST and a hybrid metal-organic 

cluster, In-MAA resist10 . Both materials have been previously demonstrated to support high-resolution patterning in NGL 

regimes, allowing the present work to focus on etch behaviour and process integration rather than lithographic limits. For 

chemically and mechanically stable substrates such as Ge/Si, n-CAR patterns generated and resolved using conventional 

wet development are transferred through optimised RIE conditions to achieve well-defined features for FinFET. On the 

other hand, the ReRAM stack exhibits switching of resistance states upon applied electric field and enables memory 

retention 17,18. In contrast, for solvent-sensitive materials such as lanthanohalide, MOC resists combined with dry 

development and fluorine-based plasma etching are employed to realise the Metal/Oxide/Metal ReRAM stack. Through a 

direct comparison of these workflows, this study establishes practical guidelines for resist selection and development 

methodology aimed at high-fidelity pattern transfer across diverse material platforms. 

 

2. Experimental Section 

 
2.1 Processing and Characterisation 

 

PlannarTech RIE system was used for the etching process. Resist nano-patterns transferred over substrates were 

characterised using field-emission scanning electron microscopy (FESEM) from the Zeiss Gemini SEM 500, Germany, to 

measure pattern feature width and uniformity. Film thickness measurements were performed using an atomic force 

microscope (AFM); from Bruker Dimension Icon to evaluate thickness uniformity across the coated substrates. Line-edge 

roughness (LER) and line-width roughness (LWR) of the exposed line patterns were quantified using SuMMIT® 

metrology software, an industry-standard tool for nanoscale roughness analysis in lithographic patterning. The Bruker 

contour gt-k 3D optical profilometer was used to image the Ag-electrode micro-patterns. 

 

3. Results and Discussion 
 

3.1 Lithography-to-Etch Integration Using n-CAR for FinFET Fabrication 

To demonstrate the applicability of indigenous organic resist platforms for advanced device fabrications, a 

lithography-to-etch process flow was implemented for the realisation of Ge-on-Si FinFET structures using a negative-tone 

chemically amplified resist, poly-(4-(methacryloyloxy) phenyl)-dimethyl sulfonium triflate (poly-MAPDST)16,19. The 

process was designed to evaluate resist performance, pattern fidelity, and etch compatibility to pattern critical features of 

scaled transistors such as channel fins, with emphasis on controlled fin definition and minimal pattern degradation during 

plasma transfer. 

The FinFET fabrication flow was based on a mesa-type architecture, in which a Si/Ge buffer stack was first deposited 

on the Si substrate to form a relaxed virtual substrate and mitigate lattice-induced strain20,21. An n-type Ge layer was then 

introduced to provide electrical isolation from the substrate, followed by deposition of the p-type Ge channel layer22. 

Essential processing, such as surface passivation of Ge with the halogens, was immediately performed prior to resist 

coating over Ge to prevent GeOx interference.  

Afterwards, the poly-MAPDST resist was spin-coated at 2000 rpm for 45s and pre-baked at 100 °C for 1 min to form 

~ 30 nm uniform thin films, optimised for sub-20-nm critical dimension (CD) patterning, maintaining considerable 

LER/LWR as ~ 1.8 nm / ~ 1.6 nm respectively, at EBL dose ~ 600µC/cm2 for L/9S line-patterns, meeting the criteria for 
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sub-20 nm fin patterning22. This poly-MAPDST resist dose optimisation was carried out using a square-pattern exposure 

matrix with doses ranging from 10 to 1000 µC/cm2 at 18 keV e-beam energy. After exposure, samples were post-baked at 

115 °C for 90 sec and developed in aqueous tetramethyl ammonium hydroxide (TMAH) for 30 sec, followed by DI water 

rinse and N2 drying. e-beam exposure induces chemical modification of the sulfonium groups in poly-MAPDST, leading 

to selective dissolution of unexposed regions during aqueous development and retention of exposed features, consistent 

with negative-tone behaviour16.  

Pattern transfer into the underlying Ge layer was carried out using RIE, with the optimised process parameters 

such as power = 20W, SF6 = 20 sccm, O2 = 5 sccm, and chamber vacuum at 1mTorr. The relatively high etch resistance 

of poly-MAPDST, as reported by Choudhary et al., enabled direct plasma transfer of the fin patterns into Ge without 

excessive resist erosion or profile distortion22. After mesa etching, residual poly-MAPDST was removed using a mild 

Ar/O2 plasma, avoiding damage to the Ge surface while ensuring complete resist stripping. Following the fin definition, 

subsequent process steps, including gate stack formation and metallisation, were carried out using standard process 

modules; however, the fidelity of these downstream steps was strongly dependent on the quality of the initial lithography-

to-etch pattern transfer. Figure 1: (a) Process sequence for fin patterning; (b) e-beam exposure of the polyMAPDST resist; 

(c) schematic of the patterned mesa highlighting the critical fin features; (d) mask layout file; and (e) corresponding RIE-

patterned mesa and fins. 

 
Figure 1 (a) Process Sequence to pattern fins, (b) E-beam exposing the polyMAPDST resist (c) Schematic patterned 

mesa along with critical feature fins, (d-e) depicts the mask layout file, correspondingly RIE patterned mesa and fins 

FE-SEM micrograph, respectively. 

The successful realisation of Ge-on-Si FinFETs with narrow fin widths and sharp profiles underscores the 

suitability of poly-MAPDST as an indigenous n-CAR platform for advanced nanopatterning [Figure 2]. More importantly, 

this process flow highlights how careful co-optimisation of resist chemistry, exposure conditions, and RIE parameters 

enables high-fidelity pattern transfer in scaled device architectures without relying on complex hard-mask schemes. 

The presented FinFET process flow demonstrates that poly-MAPDST functions as an effective indigenous n-

CAR platform for high-resolution FinFET fabrication on mechanically stable Ge-on-Si substrates. Key enablers include 

surface passivation prior to aqueous development, stable negative-tone behaviour during EBL, and high etch resistance 

under SF6-based RIE. The poly-MAPDST wet-developed RIE process serves as a benchmark for comparison with 

alternative resist chemistries and pattern transfer strategies. 
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Figure 2: (a) AFM image of the pattern fins, (b) depicts the FESEM micrograph of the resist after development, (c) 

patterned fins after SF6 + O2 RIE plasma etch with optimized parameters: power = 20W, SF6 = 20 sccm, O2 = 5 sccm, 

and chamber vacuum at 1mTorr, (d) Tilted view of the FinFET after patterned gate. 

 

3.2 Lithography-to-Etch Integration Using In-MAA MOC Resist for Perovskite ReRAM Stack Fabrication  

To extend lithography-to-etch integration towards perovskite or similar chemically fragile and solvent-sensitive 

material systems, such as pnictohalides, lanthanohalides, etc., a fully dry patterning protocol was implemented for ReRAM 

device fabrication using an indigenous indium methacrylate (In-MAA, InC14H18O8) MOCs-based resist10. This process 

flow was specifically designed to eliminate wet chemical development and thereby preserve the structural and interfacial 

integrity of halide-based switching layers. 

The ReRAM device stack consisted of a spin-coated AgEuBr4 lanthanohalide switching layer (SL) deposited on FTO-

coated glass substrates. Afterwards, a sheet of Ag metal was deposited over the AgEuBr4 SL, which was defined using 

lithography-assisted pattern transfer to realise Ag/AgEuBr4/FTO ReRAM stack, where In-MAA served as the primary 

resist and etch mask [Figure 3]. 

 
Figure 3 (a) 3-D schematic of In-MAA resist/Ag Electrode/Lanthanohalide/FTO input stack for RIE processing, and 

(b) Single crystal structure of developed In-MAA, MOC resist formulation. Colour code: grey sphere, C; red sphere, 

O; purple sphere in the middle, In; white sphere, H.10 
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An In-MAA MOC resist layer (~120 nm) was spin-coated directly onto the Ag top-electrode blanket film (~ 110 nm). 

Resist was exposed using a deep-ultraviolet (DUV, 248 nm) source through a photomask defining circular electrode arrays. 

Upon exposure, the In-MAA MOCs underwent localised photo-induced crosslinking, producing hardened regions with 

significantly enhanced resistance to plasma etching10. In contrast, unexposed regions retained their original metal–organic 

structure and remained susceptible to plasma-assisted removal. 

Resist development was performed entirely through sequential dry plasma treatments, avoiding any solvent interaction 

with the underlying SL. Initially, a low-power (20 W RF) O2 plasma was employed at 2.6 x 104 mbar to selectively 

decompose the organic ligands within the unexposed In-MAA resist regions. This was followed by an SF6 plasma step 

operated at 4.5 x 104 mbar & 45 W RF. Under these conditions, fluorine species interact with the indium-rich fragments 

formed after O₂ exposure, allowing the unexposed resist to be removed as fluorinated by-products. The O₂/SF₆ sequence 

was applied iteratively until the unexposed regions were fully cleared, while the cross-linked resist features remained 

intact. 

After dry development, the cross-linked In-MAA layer served directly as the etch mask for Ag pattern transfer. The 

underlying Ag film was etched using an SF6-based RIE process. In the fluorine-rich plasma environment, Ag removal 

proceeds through the formation of Ag-F species, which are weakly bound and readily removed under ion bombardment23. 

Under the same conditions, the exposed In-MAA mask showed a much slower etch rate. This difference arises from the 

inorganic In-O backbone and plasma-induced densification of the cross-linked network, which enhances its resistance to 

fluorine chemistry. The resulting etch selectivity was sufficient to define circular micro-electrodes. The higher Ag etch 

rate relative to the cross-linked MOC layer allowed controlled vertical transfer while suppressing lateral undercutting and 

limiting ion interaction with the underlying AgEuBr4 SL. 

Exposure to SF6 plasma can lead to temporary surface fluorination of the In-matrix, with the formation of InF3 expected 

because of the strong In-F bond energy24. Any InF3 formed during plasma exposure is gradually removed by continued 

ion-assisted sputtering or destabilised during subsequent O2 and Ar treatments, where fluorinated species are desorbed. 

Following Ag etching, the remaining In-MAA MOCs mask was stripped using a controlled N2/Ar plasma ashing 

sequence25,26. A short bake step (100–120 °C) for 10 min in N2 was then applied to remove physisorbed species and stabilise 

the patterned interfaces before electrical characterisation. 

 

 

Figure 4 shows the plasma processing sequence implemented during lithography-to-etch integration. As illustrated in 

Figure 4(a), the samples were placed in controlled reactive ion plasma environments inside the RIE chamber, plasma 

 
Figure 4 (a) Schematic illustration of plasma-based processing over the input samples inside the RIE chamber, (b)  

process flow summary of plasma-assisted chemistry during dry development of In-MAA MOC resist and subsequent 

Ag etching.  
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conditions were controlled through adjustment of RF power, gas flow rate, and chamber pressure. Figure 4(b) summarises 

the key chemical pathways involved during dry development of the In-MAA resist and subsequent Ag etching. The 

schematic highlights how ligand removal, transient fluorination, and ion-assisted desorption collectively enable selective 

clearing of unexposed resist regions and efficient Ag pattern transfer, while preventing the accumulation of stable 

fluorinated residues. This visualisation supports the experimental observations by clarifying the role of sequential plasma. 

This fully dry lithography-to-etch workflow enabled reproducible definition of Ag top electrodes without exposing the 

AgEuBr4 SL to solvents at any stage. The Ag etch process produced circular electrodes with a nominal diameter of ~ 250 

µm, corresponding to a device area of 0.0005 cm2 for the ReRAM, while maintaining the integrity of the underlying stack. 

The optical micrographs in Figure 5(a-c) showed uniform Ag electrode patterns on the AgEuBr4/FTO substrate, exhibiting 

considerable memristive J-V resistive switching (RS) characteristics, switching to its low resistance state (LRS) from high 

resistance state (HRS) at 0.28 V (SET) and reverting to its HRS at -0.36 V (RESET), yielding ~ 859.09 LRS/HRS. The 

fifty consecutive cycle-to-cycle (C2C) J-V sweeps shown in Fig. 5(d) demonstrate stable and repeatable switching, 

validating the robustness and pattern fidelity of the fully dry fabrication process. 

 
Figure 5. (a) Optical micrograph of the patterned Ag top electrode on the AgEuBr4/FTO stack. (b) Planar optical 

profilometry map showing the lateral definition and uniformity of the etched Ag electrode. (c) 3-D surface profilometry 

image illustrating the topographical profile of the patterned electrode, and (d) J-V RS characteristic of Ag/AgEuBr4/FTO 

ReRAM. 

Within the broader context of this study, the In-MAA-based dry etch process represents a complementary integration 

pathway to wet-developed organic resists used on mechanically stable substrates. Together, these approaches establish a 

substrate-adaptive lithography-to-etch framework in which resist chemistry, development strategy, and plasma conditions 

are co-optimised to achieve high-fidelity pattern transfer across heterogeneous device material systems. 

 

4. Conclusion 

This work presents two practical lithography-to-etch approaches using indigenous resists for high-fidelity pattern transfer 

on very different material platforms. For Ge/Si FinFET processing, poly-MAPDST (n-CAR) was patterned by EBL and 

wet-developed, then transferred into Ge /Si substrates using an SF6/O2 RIE recipe, producing narrow fins with (sub-20 nm) 

controlled feature. For solvent-sensitive lanthanohalide ReRAM, In-MAA (MOC) enabled an all-dry flow; plasma 

development (O2 then SF6) and SF6-based Ag etching yielded ~ 250 µm circular top Ag-electrodes while avoiding wet 

exposure of the switching layer. Together, these results show that matching resist chemistry with development mode and 

plasma conditions improves pattern fidelity, reduces process complexity, and supports reproducible device fabrication 

across stable and fragile stacks.  

 

 

Proc. of SPIE Vol. 13984  139840T-6



 

 
 

 

 

 

Acknowledgment 

 
 

The authors gratefully acknowledge the Centre for Design and Fabrication of Electronic Devices (C4DFED) at the Indian Institute of 

Technology (IIT) Mandi, India, for providing access to the Class 100 cleanroom facilities and advanced characterisation and fabrication 

tools used in this work. The authors further acknowledge the use of the Zeiss Orion NanoFab system for He+ beam lithography (HIBL), 

and the Zeiss Gemini SEM 500 field-emission scanning electron microscope (FESEM), all housed at the C4DFED facility, IIT Mandi. 

 

 

 

Reference 

 
[1]  Coburn, J. W. and Winters, H. F., “PLASMA ETCHING - A DISCUSSION OF MECHANISMS.,” J Vac Sci Technol 16(2), 391–403 (1979). 

[2]  Lieberman, M. A. and Lichtenberg, A. J., [Principles of Plasma Discharges and Materials Processing: Second Edition], John Wiley and Sons 
(2005). 

[3]  Ito, H., “Chemical amplification resists: Inception, implementation in device manufacture, and new developments,” J. Polym. Sci. A Polym. 

Chem. 41(24), 3863–3870 (2003). 
[4]  Ito, H., “Chemically amplified resists past, present, and future,” Advances in Resist Technology and Processing XVI 3678, 2–12 (1999). 

[5]  Ghosh, S., Pradeep, C. P., Sharma, S. K., Reddy, P. G., Pal, S. P. and Gonsalves, K. E., “Recent advances in non-chemically amplified 

photoresists for next generation IC technology,” RSC Adv. 6(78), 74462–74481 (2016). 
[6]  Sharma, S. K., Pal, S. P., Reddy, P. G., Kumar, P., Ghosh, S. and Gonsalves, K. E., “Design and development of low activation energy based 

nonchemically amplified resists (n-CARs) for next generation EUV lithography,” Microelectron. Eng. 164, 115–122 (2016). 

[7]  Singh, V., Satyanarayana, V. S. V., Sharma, S. K., Ghosh, S. and Gonsalves, K. E., “Novel non-chemically amplified (n-CARs) negative resists 
for EUVL,” Advances in Patterning Materials and Processes XXXI 9051, 905106, SPIE (2014). 

[8]  Singh, V., Satyanarayana, V. S. V., Sharma, S. K., Ghosh, S. and Gonsalves, K. E., “Towards novel non-chemically amplified (n-CARS) 

negative resists for electron beam lithography applications,” J. Mater. Chem. C Mater. 2(12), 2118–2122 (2014). 
[9]  Hasan, M. W., Deeb, L., Kumaniaev, S., Wei, C. and Wang, K., “Recent Advances in Metal-Oxide-Based Photoresists for EUV Lithography,” 

Micromachines (Basel). 15(9), 1122 (2024). 

[10]  Chauhan, M., Palit, K., Choudhary, S., Sharma, S. K. and Gonsalves, K. E., “Ultrasensitive metal-organic cluster resist for patterning of single 
exposure high numerical aperture extreme ultraviolet lithography applications,” Journal of Micro/Nanopatterning, Materials and Metrology 

21(4), 044603–044603 (2022). 

[11]  Chauhan, M., Sharma, N., Palit, K., Singh, R., Dhir, A., Khosla, R., Mondal, B., Sharma, S. K., Dammel, R. R. and Kanjolia, R ., “High-
performance metal organic cluster resists for high-NA extreme ultraviolet lithography,” Advances in Patterning Materials and Processes XLII, 

Vol. 13428, 40–47, SPIE (2025). 

[12]  Sharma, S. K., Chauhan, M., Kumar, R., Palit, K., Choudhary, S. and Gonsalves, K. E., “Development of metal-organic cluster based negative 
tone resist: pre-screened through the helium-ion beam prelude to extreme ultraviolet lithography (EUVL) applications,” Advances in Patterning 

Materials and Processes XXXVIII. Vol. 11612, 21–28, SPIE (2021). 
[13]  Kumar, R., Chauhan, M., Moinuddin, M. G., Sharma, S. K. and Gonsalves, K. E., “Development of Nickel-Based Negative Tone Metal Oxide 

Cluster Resists for Sub-10 nm Electron Beam and Helium Ion Beam Lithography,” ACS Appl. Mater. Interfaces 12(17), 19616–19624 (2020). 

[14]  Yoshikawa, A., Ochi, O. and Mizushima, Y., “Dry development of Se-Ge inorganic photoresist,” Appl. Phys. Lett. 36(1), 107–109 (1980). 
[15]  Kenane, N., De Silva, A., Haider, A., Hoang, L., Huang, C.-C., Kam, B., Kim, J. Y., Lee, Y., Li, D., Tan, S., Weidman, T., Hao Wu, C., Yu, 

J., Zhang, G., Zhang, Y., Brainard, R. L., Denbeaux, G., Maldonado, N., Upadhyay, N. S., et al., “Dry Deposition and Dry Development of 

Metal Oxide Based Photoresist,” Journal of Photopolymer Science and Technology 37(3), 257–262 (2024). 
[16]  Satyanarayana, V. S. V., Kessler, F., Singh, V., Scheffer, F. R., Weibel, D. E., Ghosh, S. and Gonsalves, K. E., “Radiation-sensitive novel 

polymeric resist materials: Iterative synthesis and their EUV fragmentation studies,” ACS Appl. Mater. Interfaces 6(6), 4223–4232 (2014). 

[17]  Choudhary, S., Soni, M. and Sharma, S. K., “Low voltage & controlled switching of MoS2-GO resistive layers based ReRAM for non-volatile 
memory applications,” Semicond. Sci. Technol. 34(8) (2019). 

[18]  Manvendra Chauhan Satinder K. Sharma, S. C., “Reliable Memristive Switching Empowered by Ag/NiO/W ReRAM Configuration for Multi-

Level Non-Volatile Memory Applications,” Advance electronic material 2300724, 1-of (2024). 
[19]  Choudhary, S., Schwarz, D., Funk, H. S., Sharma, K. P., Sharma, S. K. and Schulze, J., “Process Optimizations for Ge-On-Si Depletion Mode 

Transistors Using Mesa Architecture,” IEEE International Symposium on Semiconductor Manufacturing Conference Proceedings 2022-

December, Institute of Electrical and Electronics Engineers Inc. (2022). 
[20]  Choudhary, S., Schwarz, D., Funk, H. S., Khosla, R., Sharma, S. K. and Schulze, J., “Impact of Charge Trapping on Epitaxial p-Ge-on-p-Si 

and HfO2Based Al/HfO2/p-Ge-on-p-Si/Al Structures Using Kelvin Probe Force Microscopy and Constant Voltage Stress,” IEEE Trans. 

Nanotechnol. 20, 346–355 (2021). 
[21]  Choudhary, S., Schwarz, D., Funk, H. S., Weishaupt, D., Khosla, R., Sharma, S. K. and Schulze, J., “A Steep Slope MBE-Grown Thin p-Ge 

Channel FETs on Bulk Ge-on-Si Using HZO Internal Voltage Amplification,” IEEE Trans. Electron Devices 69(5), 2725–2731 (2022). 

[22]  Choudhary, S., Yogesh, M., Schwarz, D., Funk, H. S., Ghosh, S., Sharma, S. K., Schulze, J. and Gonsalves, K. E., “Novel process integration 
flow of germanium-on-silicon FinFETs for low-power technologies,” Journal of Vacuum Science & Technology B 41(5) (2023). 

[23]  Park, S. D., Lee, Y. J., Kim, S. G., Choe, H. H., Hong, M. P. and Yeom, G. Y., “Etch characteristics of silver by inductively coupled fluorine-

based plasmas,” Thin Solid Films 445(1), 138–143 (2003). 
[24]  Kim, K., Efremov, A., Lee, J., Kwon, K.-H. and Yeom, G. Y., “Etching mechanisms of (In, Ga, Zn)O thin films in CF4/Ar/O2 inductively 

coupled plasma,” Journal of Vacuum Science & Technology A: Vacuum, Surfaces, and Films 33(3) (2015). 

[25]  Donnelly, V. M. and Kornblit, A., “Plasma etching: Yesterday, today, and tomorrow,” Journal of Vacuum Science & Technology A: Vacuum, 
Surfaces, and Films 31(5) (2013). 

[26]  Sun, J., Yu, Y., Tang, J., Zeng, Y. and Chen, J., “Plasma Cleaning Technology: Mechanisms, Influencing Factors, and Applications,” IEEE 

Access 13, 37221–37242 (2025).  

Proc. of SPIE Vol. 13984  139840T-7


