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Abstract Scanning probe microscopy (SPM) has become an indispensable tool in efforts to develop the next generation of
nanoelectronic devices, given its achievable nanometer spatial resolution and highly versatile ability to measure a variety of
properties. Recently a new scanning probe microscope was developed to overcome the tip degradation problem of the classic
SPM. The main advantage of this new method, called Reverse tip sample (RTS) SPM, is that a single tip can be replaced by
a chip containing hundreds to thousands of tips. Generally for use in RTS SPM, pyramid-shaped diamond tips are made by
molding on a silicon substrate. Combining RTS SPM with Scanning spreading resistance microscopy (SSRM) using the
diamond tip offers the potential to perform 3D profiling of semiconductor materials. However, damage frequently occurs to the
completed tips because of the complex manufacturing process. In this work, we design, fabricate, and evaluate an RTS tip chip
prototype to simplify the complex manufacturing process, prevent tip damage, and shorten manufacturing time.
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Fig. 1. The SEM images of fabricated FDT with (a) misaligned, (b)
correct aligned and (c) new designed.
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2.2. RTS tip-chip H|Z}
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(a) Wafer preparation

(b) Pattern mask deposition (c¢) KOH anisotropic etching

(e) Diamond deposition (f) TiW/Cu/Ti deposition

(1) Mask and metal elimination

F o

(j) Si under-etching

Fig. 2. Schematic illustration of fabrication process for RTS SPM tip-chip.

Fig. 3. The optical images of SiO, deposited on Si wafer with (a)
incomplete KOH etching (plateau shape) and (b) completed KOH
etching (pyramidal shape).
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(d) Pyramid mold
(g) Pattern mask deposition (h) Ni electroplating
(k) Flipped chip
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Fig. 5. Overview of tip-chip and diamond tips for RTS: (a) after 4 hours of KOH etching and (b) after 6 hours of KOH etching.
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Fig. 6. The results of sharpening process: (a) single tip, (b) and (c) multiple tips, (d) blunt tip.
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Fig. 7. (a) Measurement process of RTS SSRM. SSRM images of Si calibration samples: (c) with (b) tip and (e) with (d) tip.
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Fig. 8. (a) Single tips for measuring FinFET and (b) SSRM image of FinFET (Set-point: 0.3 V, Bias voltage: +500 mV, Scan size: 700 nm?,

Scan speed: 1 Hz).



110 714=Z - Thomas Hantschel - 71X &

Single tip

Multiple tip

Log(Ohm)
~15

500 nm 400 nm'

Fig. 9. (a) Single and multiple tips for measuring GaAs nanoridge. SSRM image of GaAs nanoridge: (b) with single tip (Set-point: 0.3 V,
Bias voltage: +1 V, Scan speed: 1 Hz) and (c) multiple tip (Set-point: 1 V, Bias voltage: +1 V, Scan speed: 1 Hz).
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