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Fig. 1. Schematic of direct and indirect transfer of graphene.
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Fig. 2. Schematics of various transfer methods: (a) “R2R” transfer('”; (b) electrochemical delamination transfer®); (c) mechanical
delamination transfer??; (d) direct transfer by dissolving the substratel?..
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Fig. 3. AFM images and normalized height distribution profiles of transferred graphene using PMMA with different average molecu-
lar weight: (a), (e) 996000; (b), (f) 350000; (c), (g) 35000; (d), (h) 15000%°.. The curves above each AFM image represent the line
profile of the white slanting line in the images. The size of AFM surface image is 5 pm x 5 pm.
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Fig. 5. Indirect graphene transfer with “modified RCA clean”?: (a) Transfer process flow; optical microscopy images and scanning

electron microscopy images of (b), (c) traditional transferred graphene film and (d), (e) modified RCA cleaning transferred graphene

film. In (b) and (c) the metal residues and the small holes are marked with blue circles and yellow circles, respectively, and the

graphene adlayers (with darker contrast) are marked with arrows. The arrow in (e) points to the wrinkles (the dark lines).
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Fig. 8. TEM images of graphene after air and H,/Ar two-step annealing at 250 °C for 2 hP7. Panels (a) and (b) show the details of
surface cleanliness. The same images are duplicated and colored in the lower panels to distinguish the PMMA residues that decom-
posed differently. The areas free of PMMA are shown in gray in the colored images. The bottom-left image interprets the meaning
of different colors, in which blue, red, and yellow stand for PMMA-G, PMMA-A, and Cu nanoparticles, respectively. (¢) Atomic
resolution of graphene clean surface with PMMA residue shown piecewise at the bottom corner after annealing.
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Fig. 9. Carrier layer materials for indirect transfer of graphene.
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Fig. 10. (a)—(c) Optical and (d)—(f) three-dimensional AFM images showing the surface morphologies of the monolayer graphene
films transferred onto SiO,/Si substrates by TRT, PMMA and PET /silicone, respectively!0sl.
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Clean transfer of chemical vapor deposition graphene film"
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Abstract

Graphene is believed to have promising applications in many fields because of its unique properties. At
present, graphene films are mainly prepared on Cu substrates by chemical vapor deposition. The graphene films
prepared in this way need to be transferred to the target substrates for further applications, while the transfer
process inevitably induces contamination on graphene, which affects the properties of graphene and the
performance of devices. Therefore, how to reduce or avoid contamination and realize the clean transfer of
graphene is an important topic for the development of graphene transfer technology, which is the major topic of
this review. Here, firstly, the transfer techniques of graphene are briefly reviewed, which can be classified
according to different rules. For example, it can be classified as direct transfer, with which graphene is directly
stuck to the target substrate, and indirect transfer, with which graphene is indirectly transferred to the target
substrate with a carrier film. According to the way of separating graphene and the growth substrate, it can also
be classified as dissolving transfer, with which the substrate is dissolved by chemical etchant, and delaminating
transfer, with which graphene is delaminated from the substrate. Then the origins of contamination are
discussed followed with how contamination affects graphene properties. The main contaminations induced by
transfer are ions from the etchant and electrolyte, undissolved metal or metal oxide particles, and organic
residues from carrier films. Contaminations have a great influence on the electrical, thermal and optical
properties of graphene. Then the up-to-date progress of techniques for clean transfer is reviewed, including
modifying the cleaning process or using alternative etchant/electrolyte to remove or suppress metal
contamination and annealing graphene or using alternative carrier films (e.g., more dissoluble materials) to
remove or suppress organic residues. Finally, the challenges of clean transfer of graphene are summarized, and
future research directions and opportunities are prospected. This review not only contributes to the research of
graphene film transfer technology, but also has great reference value for the clean fabrication of the whole two-

dimensional materials and devices.
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