
Analysis method Film thickness (𝝁𝒎) Uncertainty (𝝁𝒎)

Curve-fit 96.4 2.0

Difference between maxima 92.8 7.1

Difference between minima 113.8 20.6

The angles of refraction within the thin film of adjacent maxima or minima in power 

reflected  were also used to solve for the thickness of the thin film using the following 

equations:

The equations were combined to solve for the thickness, resulting in the following 

equation:

The data was fit to the equation for reflectance (R) below, for the power of light 

polarized normal to the plane of incidence (s-power) reflecting off of a thin film on a 

substrate from Goldman (1978).

The equation above for R (reflectance) is derived from the geometry of figure 2.

Experiment Set-up: The photodiode slides along the optical rail changing the position 

of the sensor. The beam is then re-centered into the sensor by changing the angle of the 

thin film-substrate pair by hand. As the angle of incidence changes the angle of 

refraction within the thin film (𝜃1) changes. As 𝜃1 changes the power fluctuates. 

Recording the power as a function of angle is used to find the thickness.
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Conclusion and Outlook

Single Atom Microscope (SAM)

• The focus of the SAM experiment is to study rare nuclear reactions that are 

relevant to nuclear astrophysics

• Particularly the 22Ne(α,n)25Mg reaction

• This reaction is a source of neutrons for the slow neutron capture 

process (s-process) inside massive stars, which is relevant to the 

creation of heavy elements 

The Single Atom Microscope Project proposes an efficient, selective, and sensitive 

method to measure these reactions. A technique that traps Magnesium atoms in a 

neon film.

• Neon provides a transparent, pure, and stable medium for the magnesium atoms

• Atoms embedded in solid neon exhibit a shifted fluorescence spectrum

• This allows for color filters to be used to isolate the light emitted 

from the Mg atoms from the excitation light 

Currently Ytterbium is being used in place of 25Mg because it has been more 

thoroughly studied and we expect it to have a brighter signal
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Reflected S-Power Measurement

Thin Film Thickness Measurement

To identify the signal emitted from the Ytterbium atoms we need to quantify the 

amount of signal per atom and background per atom in the neon film. To identify 

the amount of light we are detecting per atom we must know the number of atoms 

in the thin film. Therefore we need to know the film thickness. 

Thin Film Measurement Prototype
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Figure 1: Visual of the Single Atom Microscope experiment’s optical Magnesium detection plan.

Figure 2: Diagram of the geometry of an incident ray reflecting off of the thin film/ substrate surfaces. The 

green arrows represent the rays that interfere to give the beam spot containing information about the thin film 

thickness. The purple ray represents the ray resulting in the substrate’s beam spot.

Figure 4: Graph of the reflected power from a beam 

polarized perpendicular to the plane of incidence. For the 

fit the 𝜒2 was reduced to 1 giving the above uncertainties 

in the reflected s-power.

Figure 5: Plot of the residuals of the Reflected

s-power(𝜇𝑊) 𝑣𝑠. 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 (𝑟𝑎𝑑𝑖𝑎𝑛𝑠)  

𝑔𝑟𝑎𝑝h. The cause of the spike in the graph is likely 

leakage from the reflected beam spot of the substrate 

into the photodiode sensor.

Figure 6: Graph of the possible thicknesses values 

from fitting algorithm above and their 

corresponding 𝜒2 values. The thickness of the thin 

film was determined by selecting the corresponding 

thickness to the minimum of the 𝜒2 values.

Figure 7: Graph of the s-power reflected as a 

function of angle of first refraction of the same

data set as plotted in figure 4. The error bars 

are present, but not visible. I defined the 

maxima and minima as areas where the curve 

changes direction and the surrounding plateaus. 

Although the curve-fitting algorithm gave the highest precision, the difference 

between maxima analysis method is likely the most accurate since it is using the areas 

of the graph where the data is the most uniform. Using a beam splitter and second 

power meter to monitor beam fluctuations and positioning the axis of rotation through 

the film would increase the accuracy of the measurement.

To continue the research, if the geometry of the cryostat allows it, a reflection 

measurement of the neon film is preferred. If not, than one would have to improve the 

sensitivity of the measurement in order to do the transmission measurement. For a 

transmission measurement, 𝑇 = 1 − 𝑅, so the data and data analysis will be similar to 

that of reflectance. To improve the sensitivity of the measurement the thickness of the 

film or wavelength of the beam can be changed to change the phase difference (δ), so 

that the thickness can be solved for. The tunable laser used to excite the Ytterbium 

atoms can be used to change the incident beam’s wavelength or, as the neon grows, 

the changing thickness can be used to determine the final thickness.

Table 1: Collection of the methods of analysis previously described, their thickness results, and their 

uncertainty. The expected thickness given by the manufacturer was 70 – 120 μm.

maxima

minima

Maxima and Minima Method

In preparation for the neon film 

measurement I constructed an 

experiment to advance the 

understanding of what is required to 

optically measure the film by using a 

cover glass slide. I mimicked the final 

experiment by using the same

substrate as used in the final 

experiment and a cover glass slide with 

similar index of refraction and 

thickness to the neon thin film. 

Single Atom Microscope

Figure 3: Photograph of a version of the experimental 

set-up where the light is incident on the thin film and 

reflected into the photodiode sensor.


