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1. Deposit Cr 2. Photolithography 3. RIE etching 4. Deposit Cr
5. Coating EB resist 6. Draw pattern and 7. Deposit Au 8. Lift off EB resist
Cr etching
9. VLS nanowire growth 10. Deposit Au 11. VLS nanowire growth  12. Lift off Cr and seal
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Figure S1. Fabrication process of 3D nanowire structure. (1) A 250 nm Cr layer is
prepared on fused quartz substrate by RF sputtering. (2) The microchannel pattern is
prepared by a photolithography process and the Cr layer is etched with Cr etchant
solution. (3) After that, the substrate is etched 2 um depth by the RIE process and (4)
a 20 nm Cr layer is prepared by RF sputtering. (5) After that, an electron beam resist
coating is applied, (6) the nanowire area is drawn by electron beam lithography and
the Cr layer is lifted off with the Cr etchant solution to open the area for the nanowire
growth. (7) Then, a 3 nm Au layer is deposited as a catalyst for nanowire growth on
the substrate by DC sputtering, (8) the electron beam resist is lifted off with
dimethylformamide (DMF) solution, leaving the Au catalyst in the microchannel
pattern. (9) The nanowires are grown in the microchannel using a pulse laser
deposition (PLD) system and (10) a 3 nm Au layer is deposited as a catalyst for
nanowire growth on the substrate by DC sputtering and return to growth nanowire as
step (9) again as a cycle more 6 times. (11) The Cr layer is lifted off with Cr etchant
solution. (12) Then, the 7-cycle growth nanowire device is sealed with a fused quartz

cover glass using hexafluorosilisic acid (H,SiFs) at 75 °C for 24 h.



Figure S2. 3D nanowire structure. a) SEM image of 3D nanowire at 7-cycle time
nanowire growth and b) The growth direction of SnO; nanowire backbone is [100]
which is perpendicular with the growth direction of nanowire branches [001].
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Figure S3. Dye concentration of proteins sample. We measured the Alexa Fluor
488 dye molecule in each protein samples by microvolume (UV-VIS)
spectrophotometer (Nanodrop, ND-1000).
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Figure S4. Separation of the protein mixture solution by sodium dodecyl sulfate
(SDS) polyacrylamic gel electrophoresis. The protein marker, mixture solution,
trypsin inhibitor, streptavidin, protein A, P-galactosidase and fibrinogen were
separated in the SDS polyacrylamic gel with an applied electric field of 500 V/cm for

60 min.
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Figure SS5. (a) The plot of the diffusion time (red dots, fsgision= d&’/D) and the
transportation time (black squares, tyansportation = d/iE) of DNA molecules in the 3D
nanowire structures. (b) The plot of the diffusion time (red dots) and the

transportation time (black squares) of protein molecules in the 3D nanowire structures.



Figure S6. Separation of RNA molecules in gel electrophoresis.
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