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Minimum spacing investigation: flap designs
In an effort to understand the limitations of the patterning process, we patterned flap designs (rectangles with
only three cut edges) into the sensor films. These flap designs could simulate complex structures spaced
closely together; in order to adequately resolve closely spaced structures, we need to ensure that the bulk film
between them will lift off with the rest of the bulk film rather than tearing and remaining attached to substrate.
We patterned various aspect ratios (the ratio of the rectangle length to its width, with the shorter width
containing the un-cut side and the longer length having been traced by the laser), and then examined the
sample after liftoff to determine whether the flaps had lifted off or torn at their tops. Because we have
observed slightly improved film adhesion at laser cut edges (as evidenced by the film bulk requiring gentle
pulling with tweezers for removal/liftoff near densely-spaced structures, depicted in (*) of Figure 1(d) in the
main body), we anticipated that at some aspect ratio (dependent on film thickness as well as bulk film
adhesion to the substrate) the film would tear and the patterned structures would no longer be resolved.
Aspect ratios of 1, 2, 4, 10, 20, 40, 100, 200, and 500 were laser cut and subjected to the same liftoff/peeling
process described in the manuscript’s Methods section as well as Figure 1. The flap widths (short side) for the
aspect ratios of 1, 2, 4, 10, 20, 40, and 100 were 50 µm, while those for the aspect ratios of 200 and 500 were
25 µm and 10 µm, respectively. The average film thickness was approximately 650 nm. After the liftoff
process, the samples were analysed to determine which flaps remained attached to the slide. Figure S1
presents the flap designs used in the edge adhesion strength investigation, along with their aspect ratios (in red,
on the right side of each pattern set) and the number of flaps in each set remaining after liftoff (in blue, on the
left side of each pattern set).

Figure S1. Flap designs used to investigate the edge adhesion strength (laser cut lines shown in black). The pattern aspect ratio is shown in
red, while the number of patterns in each set of three remaining after bulk film removal is shown in blue.

It was evident that the aspect ratio needed to be very large (>100) for the flap to no longer lift off, indicating
that the improvement in film adhesion provided by the laser ablation, while sufficient for microfluidic
integration of patterned films, is small; this means that for our 650 nm films, we could potentially pattern flap
designs or designs with line spacings with aspect ratios of up to 100.

AFM roughness data and cross-sections
Cross-sectional AFM profiles: Cross-sectional profiles (depicted in Figure S2) were taken of the edge of a
structure patterned with the laser cutting method followed by liftoff (a) as well as the edge of a film scratched
with a scalpel to compare the two interfaces (b). In doing this analysis we aimed to understand why water is
able to easily penetrate under scalpel cut interfaces to lift off the film, while it does not appear to have the
same effect on laser cut interfaces. It is evident in Figure S2 (a) that the laser ablation process results in
significant redeposition on the film surface as well as at the interface, and that the thickness profile decreases
at an angle of approximately 51° at the film edge. The interface of Figure S2 (b), however, shows a peak at the
interface (likely where the film has folded back or folded under itself) and a steeper interface angle of 40°.
We believe that the scalpel cutting process slightly drags the polystyrene film, delaminating it from the glass
substrate near the interface and causing small folds and defects in the way the film conforms to the glass
substrate. When the sample is subsequently placed in the water, the water is able to seep under the film at
those delaminated portions, initiating the film removal. Conversely, we believe that the thermal and
photothermal ablation processes induced by the laser are able to cut the polystyrene film without delaminating
it from the surface. In fact, slight redeposition or thermal melting processes could potentially help the film
better conform to the glass surface at the interface, slightly improving the film adhesion at the laser-ablated
edges.

Figure S2. Cross-sectional profiles of the edge of (a) laser cut patterned sensor film structures and (b) scalpel-cut sensor film structures.

	
  

	
  

Roughness data: The AFM data were analysed to yield roughness as well as mean film thickness information
about the patterned polystyrene sensor film, the glass (where the film bulk had been lifted/peeled off), and the
laser cut areas. Additionally, AFM measurements were acquired of an oxygen plasma etched sensor film
(again using the Nanosurf easyScan 2 in non-contact mode) as a point of comparison. Figure S3 presents the
regions of the AFM images analysed to yield this information, as well as the mean thicknesses (µ) and
arithmetic average of the absolute values of the thickness deviation from the mean (Ra). (a) depicts the AFM
image of incompletely etched structures, showing laser cut lines and lifted off film. The area analysed to yield
the roughness of the laser cut lines is outlined by the solid rectangle, while the area analysed to yield the
roughness of the substrate after film liftoff is outlined with the dashed rectangle. (b) depicts the AFM image
of the substrate after oxygen plasma etching of the sensor film. The area analysed to yield the roughness of
this area is outlined by the dashed rectangle. Finally, (c) depicts the AFM image of patterned square structures
after bulk film liftoff. The area analysed to yield the roughness of the polystyrene film is outlined by the
dashed rectangle.
Figure S3 (b) shows that significant roughness and surface residue remains on the substrate even after etching
the polystyrene sensor film (µ=69 nm, Ra=25 nm); this likely contributes to the PDMS bonding problems
observed after dry etch processes. Although residue also remains in the laser cut areas of Figure S3 (a) and (c)
(µ=96 nm, Ra=51 nm), this does not impact PDMS bonding because the laser cut lines are small in comparison
to the substrate area.

Figure S3. Non-contact AFM images of: (a) incompletely cut structures after sensor film liftoff, showing laser cut areas (solid line rectangle)
and lifted off areas (dashed rectangle) used for roughness analysis; (b) plasma etched sensor film, showing area used for roughness analysis
(dashed rectangle); (c) patterned sensor film after bulk film liftoff, showing polystyrene sensor film area used for roughness analysis (dashed
rectangle). Images are annotated to label the regions analysed as well as the mean thicknesses (µ) and arithmetic roughness averages (Ra).

	
  

ToF-SIMS data
Plasma etching polystyrene films leaves a residue on the glass surface that inhibits PDMS bonding:
Figure S4 presents SIMS images of the plasma etched polystyrene sample as well as the degreased glass
control sample as a comparison. The [C8H18O]+ residue after plasma etching appears to cover nearly half of
the glass substrate in the plasma etched polystyrene sample, while it does not appear to be present in the glass
control. The signal from the silicon is much lower in the regions of the plasma etched sample containing the
[C8H18O]+ while its intensity is fairly uniform in the control sample, further supporting the conclusion that the
[C8H18O]+ could be blocking the glass surface and preventing subsequent PDMS bonding.

Figure S4. ToF-SIMS images of oxygen plasma etched polystyrene sample (a-c) and degreased glass control sample (d-f). (a) and (d) show
the total ion images; (b) and (e) show the [C8H18O]+ ion images, and (c) and (f) show the [Si]+ ion images. It is observed that approximately
half of the glass substrate (and silicon contained in it) is covered by [C8H18O]+ in the plasma etched polystyrene sample, while this ion
fragment does not appear to be present in the degreased glass control.

	
  

Laser-cutting polystyrene films forms new chemical products that may aid in adhesion and liftoff yields
glass surfaces compatible with PDMS bonding: Figure S5 presents SIMS images of the laser ablated
polystyrene sample after partial bulk film liftoff. We tore the film during bulk film liftoff in this case, so the
bulk film, patterned film, laser ablated, and glass substrate regions after liftoff are all present in this mosaic
SIMS image. The sample regions are labelled in Figure S5 (a), while (b)-(e) present SIMS ion images of
various ions detected ([Si]+ and [B]+ from the glass substrate as well as [C7H6O2Al]+ and [SnCH3]+ formed
near the laser cut lines), while (f) presents an ion overlay image, clearly showing the contributions of the
fragments [C7H6O2Al]+ and [SnCH3]+ in the laser ablated polystyrene regions. These two new fragments
contain components originating from the glass (Al and Sn) as well as from the polystyrene, melded together
with energy from the laser and oxygen from the laser ablation environment.

Figure S5. ToF-SIMS images of laser cut polystyrene sample. The sample regions are labelled in (a). Chemical contributions from silicon
(b) and boron (e) from the glass substrate are mapped, as well as those of the fragments [C7H6O2Al]+ (c) and [SnCH3]+ (d) from the new
chemical species formed during the laser ablation process. (f) presents an ion overlay image of the [C7H6O2Al]+, [SnCH3]+, and [B]+ (another
element present in soda-lime glass) using the same colour channels as in (c-e). (g),(h), and (i) present ToF-SIMS spectra showing the
characteristic peaks of [SiOH]+, and [SiOH2]+, for the degreased glass control (g), the degreased glass control after a 1 minute 20 second air
plasma treatment mimicking the PDMS plasma bonding procedure (h), and the peeled-off region of the laser-cut polystyrene sample after the
same one minute 20 second plasma treatment (i). The relative levels of [SiOH]+ and [SiOH2]+ increase after plasma exposure in the glass
control sample as is expected to facilitate PDMS-glass bonding. These increased levels of [SiOH]+ and [SiOH2]+ are also present in the
peeled-off region of the laser-cut polystyrene sample, supporting our observation of the ability of this surface to support PDMS bonding.

Figure S5 (g), (h), and (i) present a selected region of the SIMS spectra for the degreased glass control (g), the
same control after a 1 minute 20 second air plasma exposure mimicking the procedure used for permanent
PDMS plasma bonding (h), and the peeled-off region of the laser cut polystyrene sample (exposing the glass
underneath) after the same plasma exposure (i). This region of the SIMS spectra contains characteristic peaks
of [SiOH]+, and [SiOH2]+, which are expected to aid the permanent plasma bonding of PDMS to glass;
[SiOH]+ and [SiOH2]+ peaks are labelled in part (g) of Figure S4. The other peaks in the spectrum are mainly
due to organic compounds. By comparing the relative sizes of the [SiOH]+ peak and the nearby large organic
peak (approximately 0.06 m/z higher than the [SiOH]+ peak), it is evident that the plasma treatment enhances
relative levels of [SiOH]+ on the degreased glass surface. This enhancement is also evident in the peeled-off
polystyrene region after the laser treatment, indicating that the peeled-off surface should behave similarly to
the degreased glass surface during PDMS plasma bonding; this is consistent with our observation of strong
PDMS bonding to this surface. A similar enhancement of the relative levels of [SiOH2]+ after the plasma
treatment further supports this observation.

