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Thin films generally consist of a nm-scale layer of metal or semiconducting material resting on a ceramic, sample | Coating
glass, or metal substrate and are widely used in the optics and electronics industries. The thickness of a film
often needs to be precise for the component in which the film resides to function properly. There are a 1 C/Si02/Si
variety of techniques which can be employed to examine the thicknesses of a thin film (profilometry, 2 Blank/Si
interferometry, ellipsometry, etc.), and each have benefits and drawbacks (exmp. Piegari and Masetti, 1984). 3 Si02/Si
In this investigation, we measure the thickness of C/SiO,/Si thin-films with Electron Probe Micro Analyzer 4 C/Si02/Si
(EPMA) using a JEOL 8530 FE microprobe and newly published free BadgerFilm software (Moy and Fournelle, Table 2
2021a & b). Due to the small-scale lateral variations and fragile nature of the layers, the non-destructive EPMA Thickness (nm)
technique is favored. During repeated or long analyses of the same spot, hydrocarbons within the chamber Sample C TEOS
can concentrate on the sample surface and artificially raise [C]. To help in minimize surface contamination of 11 22.5 382
hydrocarbons during the multiple-kV spot analyses we use a LN cold finger (see Yamashita et al., 2016 for 1‘2 2731 720
more background reading). 1.4 4.5 182
C/SiO, alternating layers have recently been developed to mimic natural seashell structures and are 1.5 14.3 >42
desired for their thermal and mechanical properties (Xu et al., 2022). In this investigation we look at a range . Bap L RN R - e | Olr—::] . 12'2 3(1)3
of samples (Fig. 1) to test for lateral coating variations for different deposition conditions in a non-destructive e o O R R ] = S : T ik 1__Ye”0gw 6.4 652
manner, in hopes to use it as a quality assurance method for future builds. S i OZIC/Si Sa m p I es: 1_Pink 16.3 549
31 3.9 1050
Samples were made by spin-coating Tetraethyl orthosilicate (TEOS) and/or sugar-water solutions onto Si wafers at varying coating ratios and spin speeds, which were then 3.2 1.2 330
Th i n ﬁ I m measu rements by E PMA: on heat treated to leave behind SiO2 and C. The Iaye.rs p.resent in each c.oupo.n are shown i.n table 1. The four figures above from left to right are .(a) BSE i.mage? of individual j:i 3;77 1207982
coupons. (b-d) O x-ray maps of the coupons. O highlights the areas in which TEOS coating was present, and thus were target areas for analyzing coating thickness. The 4 9 43.8 193
o e " dark areas in sample 1 and 4 show where C deposition was present. Sample 3 has TEOS only, and sample 2 had C only, but was lost during the heat treatment, suggesting 4.3 48.6 265
~|Na Uice ([ pe QO that the TEOS layer helps preserve C during the heat treating. Using varrying beam energies of 5, 10, 15, and 20 kV, a pure C, Si, and SiO2 standard, and the free software, 4.4 10 39
li = ”e"E'C" 0j(Eo)w; m)lfj (q)bj(pz)e | dpz.saif Fet T Badgerfilm, we determined the thickness of C and SiO, layers for the various samples. The results are presented in Table 2; the corresponding numbers link to the lables on the images. The Cand
::ﬂ:’i:uwmmmm___* S ~_ / \ SiO, layers vary in thickness, but the Clayers appear to have the most agreeability for any individual sample, whil while the SiO, layer varies significantly even for a single sample. Badgerfilm
e e o ookl oy ey o calculates the C layer to be 100% C, the SiO2 layer on average to be stochiometric, and the Si layer to be 100% Si.
el vamston, e o R — figure (€) shows a reflected light optical
electrons /8 production cross e A R e et gt AN < s il Lo X 5 7 ;;'] Si x-ray map | microscope image of the sample 1 surface. The rainbow
Characteristic X- ecton et > . M color pattern is common amoungst these samples.
s | Characteristic x-rays generated during e-beam-sample interaction Thickness measurements indicate that the C layer is fairly
Fluorescant X-Faps _ . homogenous in this region at ~16-17 nm, while the SiO,
2.The amf)unt of x-rays that make it to the detec.tor is govgrned by com- layer thickness varies, and may potentionally be
plex physics and modeled with the above equation. We will focus on the

contributing to the color. If this is confirmed in more

absorption parameter (yellow box).
testing, this may provide a quick and useful way for

3 | ! ' ! ' l ' g SRR
Si Ka, in FeSi, at 15 kV: NG Gl quality assurance of the thicknes of the SiO, layer in
Generated . s = ’
- - - Emitted - iy future builds.
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R R Conclusions and future work:
N Al AN ' : . ntens!
= ' [’ Lo ') Background removed maps: 9) . | Modeled x-ray Intensity at 1 kv | (k) 1. We have demonstrated the use of Badgerfilm and a cold finger in EPMA to accurately calculate the thicknesses

| From Moyand = « kv | :Zyy of samples in a non-destructive manner which would prove challeneging to analyze with other thickness

'\ Fournelle L . - | | | | | | measurement techniques.
. (2021a). | 3.The amount of x-rays generated and absorbed varies with depth into n 00 e o , , ,
. the sample 4 ! | | | | | e 2. We find that Ciis highly correlated to SiO2, and may need the SiO2 layer to be present to survive the heat
0 | | R , 3 L S N e treatment step.
’ 200Mass De:?]?(ugfcmz)ﬁoo """ 4. Beam interaction volume and penetration depth varies with beam s T 1 ~Gxrays not emitied after > T . 3.The C coat is generally uniform for a given sample, while the SiO2 layer varies greatly over a samples surface.
energy. N R In the futrue we will:
. . . . . . | | e | 1. continue to develop better coating methods to get a uniform surface thickness so we can characterize the
5. We can model how many x-rays should be produced at different beam energies using Monte Carlo simulations. | | i | | | : : :
. ) . . . . Sl S L R sample using other thickness measurements and create an in-house standard.
Then, we can solve for a thin film thickness by iterating model thickness until we get a best fit to collected data. | | | | | | 2. Correlate background removed count intensities with thickness measurements to create thickness maps
: emple | exemple ™t : cemple 3 empie ™ : ample feample ™t . | | | | i i 3.Try to resolve more complex layering, such as C/Si02/C/SiO2.
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