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Abstract 

This thesis examines the permeability of ultrathin graphite sealed SiO2 

microcavities, by using a high-speed cavity array chip scanner designed based 

on the Fabry-Pérot interferometer. This work is a prerequisite for realizing 

catalytic measurement of single nanoparticles on the cavity array chips. 

The high-speed cavity array chip scanner measures the resonance 

frequency of the graphene or graphite membrane and convert the frequency 

to the internal pressure of the cavities. The basic optical setup for measuring 

the resonance frequency has been widely used in previous studies. By 

integrating machine vision and automation techniques, an automatic 

scanning function is implemented, which is able to scan the cavity arrays 

without manual operations. The scanning speed and scanning area are orders 

of magnitudes higher than other measurement techniques for detecting the 

cavity internal pressure (e.g., atomic force microscope).  

After measuring the leak rates of different gas species, we observe that 

the leak rates of water-insoluble gases are correlated to the kinetic diameter of 

the gas molecules. Water-soluble gases tend to leak much faster than water-

insoluble gases, which indicates that water or a water-like interlayer on the 

leakage path may facilitate the leakage. 

Diffusion of He and H2 through the SiO2 layer of the cavities are 

measured at room temperature. It is shown that for certain types of the cavities, 

the H2 diffusion through the SiO2 layer could significantly elevate the overall 

leak rate. For He, this is a more universal behavior for all types of cavities. 

We also investigate the permeability of the cavities at high temperatures 

up to 175 °C. The leak rates at high temperatures are significantly increased. 

A temperature threshold is determined by comparing the leak rate at a series 
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of temperatures. Below the threshold, the sample is impermeable (neglecting 

a very small leak rate), and above the threshold, the leak rates increase with 

the temperatures in the measurement temperature interval. Sample-to-sample 

variation of the threshold is also observed and need to be investigated in the 

future. 
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pressure change in a closed system if other conditions (i.e., temperature and 

volume) remain the same (or only have a negligible change). The pressure 

change causes a deflection change of the graphene/graphite membrane. The 

AFM, which is capable of measuring surface topology with an angstrom 

resolution, can therefore measure the deflection and then we can calculate the 

pressure change based on that. When the graphene/graphite membrane 

deforms, its resonance frequency also changes. This is the principle of the laser 

interferometry method which is able to measure the resonance frequency. A 

major advantage of the laser interferometry method is that it can scan a large 

area (~1 mm2) of cavities in a short time period (~5 s / cavity). By contrast, the 

AFM need approximately 5 minutes for a moderate quality scan, and the 

maximal area is about 0.01 mm2. The last method, EELS, utilizes a TEM to 

measure the energy loss of an electron beam transmitting the sample. The 

energy loss can be converted to the partial pressure of each gas inside the 

cavities.  

After measuring the activities of the nanoparticles, it is important to 

investigate their structures in order to understand how the structures affect 

their performance. This can be done by a TEM, which can provide an image 

showing the 3D structure of a nanoparticle with an atomic level resolution.  
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Figure 1.1: Flow chart of the ATOMICAR project. The schematic diagram is not scaled and 

does not represent the actual structure of the samples. 





















 
2.2 Graphene, graphite, and 2D materials |17 

 

5. Identify the flake of interest again, and cut a small piece of the CAB 

where the flake is located. 

6. Place a droplet of ultrapure water (Milli-Q) on the cut. The wetting 

helps to lift the CAB piece with a tweezer. 

7. Place the CAB piece on a PDMS stamp, which is the same as that 

used in the PDMS method (PDMS gel on a microscope slide). 

8. The stamp and a sample chip are aligned under an optical 

microscope. The chip is placed on a heater at 80-135 °C to make the 

CAB liquid. 

9. Slowly lower the stamp to the sample surface until a firm contact was 

formed. 

10. Cool down the sample and lift the stamp, which leaves the flake and 

CAB on the sample surface. 

11. Dissolve the CAB in acetone. 

The CAB transfer process can also be modified with a wet alignment process 

as below: 

1-6. Same as the above original CAB transfer process. 

7. Place the CAB piece directly on the sample substrate, with a small 

droplet of ultrapure water between the CAB piece and the substrate.  

The water allows us to move the sample freely on the substrate. 

8. Align the CAB piece under an optical microscope by poking the 

CAB with a tweezer. 

9. Wait until the water evaporates. Then dissolve the CAB in acetone. 

In our experience, the CAB method provides a medium level of sealing 

of the cavities, usually slightly worse than the mechanical exfoliation, but 

much better than the PDMS method. The leakage time constant for a 10 µm3 

cavity is usually in a range from an hour to one day. It is a wet transfer method 
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into a circularly polarized beam. The beam can go through a dichroic mirror 

and reaches an electronic shutter (S). The shutter is connected to a lab 

computer which controls the entire setup. After passing through a lens (f = 50 

mm), the beam enters the Thorlabs CSE2100 epi-illuminator module (Epi, the 

dash-line square area). Inside the module the beam is reflected by a bandpass 

dichroic mirror (BDM, 95% reflection band = [365,404] ∪ [458,490] ∪

[530,560] ∪ [619,647]). The BDM allows most of white light to pass through 

it for imaging purpose, while redirecting the laser beam to the illumination 

path. Then a lens (f = 120 mm), together with the lens outside the module, 

forms a Keplerian beam expander, which increases the laser beam radius in 

order to match the entrance pupil of the objective lens of the microscope. Part 

of the expanded beam is reflected by a 70/30 beam splitter (BS), and reaches 

the 50× objective lens. The beam is focused to the sample, which is located 

inside a sample chamber (SC) that sits on a motorized xyz stage.  

 
Figure 3.1: The laser interferometry setup. Abbreviations of the individual components are 

explained in the main text. 
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 (a)  (b) 

Figure 3.8: The CHT algorithm. The solid black circle is the edge of the object. (a) a pixel 

(orange point) on the edge “votes” for the pixels around it (grey dash line circle). (b) The 

results after counting the “votes” from 6 edge pixels. The red point has the most votes in the 

accumulator. 

3.5.2 Coordinate Transformation 

After detecting the cavities in the image, we need to align the cavities to the 

laser spot. This requires a coordinate conversion from the image to the 

motorized stage where the sample chamber sits. The conversion can be 

expressed as follows: 

 𝑝𝑝𝑠𝑠 = 𝑅𝑅𝑝𝑝𝑖𝑖 + 𝑘𝑘𝑘𝑘 (3.17) 

where 𝑝𝑝𝑠𝑠 = (𝑥𝑥𝑠𝑠, 𝑦𝑦𝑠𝑠) is the coordinate in the stage frame; 𝑝𝑝𝑖𝑖 = (𝑥𝑥𝑖𝑖 ,𝑦𝑦𝑖𝑖) is the 

coordinate in the image frame; 𝑘𝑘 is a scale factor mapping the pixel size to the 

actual distance; 𝑑𝑑 = (𝑑𝑑𝑥𝑥 ,𝑑𝑑𝑦𝑦) is a translation vector; and 𝑅𝑅 is a rotation matrix 

based on the angle between the two frames 𝜃𝜃: 

 𝑅𝑅 = �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 −𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � (3.18) 

The parameter 𝑘𝑘  can be calculated by combining the magnification of the 

objective lens and the pixel size of the camera. Therefore, we only need to find 

𝑑𝑑 and 𝜃𝜃. We can calculate them by comparing the coordinates of the cavities 

in the image with their coordinates on a map (i.e., the design layout). It is 

impossible to calculate rotation if we only have the coordinate of a single point 
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Figure 3.11. Flow chart of the scanning program. Yellow blocks indicate that the process 

requires manual input. 
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 (a) (b) 

   
 (c) (d) 

   
 (e) (f) 

Figure 3.13: Comparison of an out of focus image (z = -10 µm) and a focused image (z = 0 

µm). (a) The grey out of focus image. (b) The grey focused image. (c) 𝒇𝒇𝒚𝒚𝟐𝟐  of the out of focus 

image. (d) 𝒇𝒇𝒚𝒚𝟐𝟐  of the focused image. (e) 𝒇𝒇𝒙𝒙𝟐𝟐  of the out of focus image. (f) 𝒇𝒇𝒙𝒙𝟐𝟐  of the focused 

image. 

 












