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Supplementary Fig. 1 Schematic cross sections of all samples. 

Schematic cross sections of a reference samples with PMMA button on 90 nm thermal SiO2 to define button 
dimensions and shear speed and b calibration samples with a step in silicon to define the button shear tester 
cartridge. Samples with graphene on c TEOS SiO2, d Si3N4, and e thermal SiO2. Samples with graphene and 
O2 plasma as pretreatment on f TEOS SiO2 and g thermal SiO2. Sample with hBN on thermal SiO2 with O2 
plasma as pretreatment and h without and i with thermal anneal after hBN transfer. j Samples for SThM 
measurement with hBN on 15 nm thermal SiO2. Sample with k MoS2 and l WSe2 on thermal SiO2 with O2 
plasma as pretreatment.  
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Supplementary Fig. 2 Button cross-sections. 

a Scanning electron microscopy (SEM) cross-section of a polystyrene button. The pronounced trapezoidal 
cross-section is undesired for shear head contacting. b SEM cross-section of a polymethyl methacrylate 
(PMMA) button. The cuboid cross-section enables a reliable shear head contacting and button shear testing. 
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Supplementary Fig. 3 Assessment of buttons before and after button shear testing. 

Exemplary laser scanning microscope images of buttons before graphene structuring (a, c) and after button 
shear testing of the same buttons (b, d). A button like in a is included in the assessment of shear strength τC 
because we accepted some folds and bilayer areas. We excluded buttons like in c because cracks and 
delaminated areas underneath the button before testing were not accepted. For all buttons the delamination 
occurs at the substrate - 2D material interface which can be seen in the images after button shear testing (b, 
d). Only minor areas with 2D material are left on the surface (highlighted in red in b and d). 
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Supplementary Fig. 4 Microscope images of sheared interfaces after button shear testing. 

a Optical microscope image of graphene on thermal SiO2 without O2 plasma treatment and b graphene on 
thermal SiO2 with O2 plasma treatment. Graphene is sheared from the thermal SiO2 substrate at the major part 
of the button area. Minor areas with graphene remain on the surface and are visible as dark blue areas, 
especially on the contacted button edge (top edge in the images). Laser scanning microscope images of c 
graphene on TEOS SiO2 without O2 plasma treatment, d graphene on TEOS SiO2 with O2 plasma treatment, 
e graphene on Si3N4, f hBN on thermal SiO2 with O2 plasma treatment, g MoS2 on thermal SiO2 with O2 
plasma treatment, and h WSe2 on thermal SiO2 with O2 plasma treatment. On all samples, only minor 2D 
material residues are detected. Delamination occurred predominantly at the substrate - 2D material interface. 
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Supplementary Fig. 5 Raman measurement of sheared interface graphene - thermal SiO2. 

a Overlap of optical microscope image and G peak intensity heat map. The button edge position before shear 
testing is indicated as a white dashed line and the shear direction of the shear head as a white arrow. b 2D 
peak intensity of the same area. Graphene residues remain at the contacted edge and nearly no graphene is 
detected at a few µm distance from the contacted edge. 
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Supplementary Fig. 6 Investigation of graphene and hBN on thermal SiO2. 

Laser scanning microscope images of a graphene and b hBN on thermal SiO2. The graphene in this work 
consists of predominantly monolayer graphene with a few bi- and multi-layer areas with a lateral size of 
approx. 10 µm and some folds. The hBN in this work consists of monolayer hBN with a high density of 
multilayer areas with a lateral size of approx. 1 µm. Atomic force microscopy (AFM) measurements of c 
graphene and d hBN. Some additional minor folds on the graphene monolayer area become visible. The hBN 
multilayer areas are detected with a height of up to 10 nm thickness. Exemplary Raman measurements of e 
graphene and f hBN. No D peak was detected on graphene and an I2D/IG ratio of 1.08 on the monolayer area 
and 0.53 on the bilayer area is found. Measurements on three arbitrary points on hBN reveal a small E2g peak 
with varying intensity. Statistical distribution of the full-width at half-maximum (FWHM) Γ of g 2D peaks of 
graphene and h E2g peaks of hBN. Insets in e-h indicate Raman measurement position with scale bar 10 µm. 
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Supplementary Fig. 7 Scanning thermal microscopy (SThM) measurements of hBN on SiO2 on Si and 
of hBN on Si. 

a Thermal signal of SThM measurements on different stacks before anneal (dark blue), after 400 °C (orange), 
and after 1000 °C (dark red) anneal. The signal is normalized to the signal of SiO2 on Si. The thermal resistance 
is reduced after a 400 °C anneal, both for a multilayer hBN on SiO2 on Si stack and a multilayer hBN on Si 
stack, and remains unchanged after an additional anneal at 1000 °C. Two samples (sample 1 and sample 2) 
with same sample fabrication process were measured before anneal to check the reproducibility of the 
measurement. Also, different tips (Tip 1, Tip 2, and Tip 3) were used to exclude an influence of the tip. 
b Exemplary topography map and c thermal signal map for the different stacks. These maps were collected 
on sample 1 after a 400 °C anneal.  
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Supplementary Fig. 8 Raman spectra of transition metal dichalcogenides (TMDC). 

Raman spectra of a MoS2 and b WSe2 on therm. SiO2 on Si. 


