Supplementary Materials for “Mechanical Property Measurements Enabled by
Short Term Fourier Transform of Atomic Force Microscopy Thermal
Deflection Analysis”

Thomas Mathias

Department of Mechanical and Manufacturing Engineering University of Calgary 2500 University Drive NW Calgary AB
T2N 1Y6 Canada

Roland Bennewitz

INM-Institute for New Materials Campus D2 2 66123 Saarbr| "ucken Germany
Philip Egberts

Department of Mechanical and Manufacturing Engineering University of Calgary 2500 University Drive NW Calgary AB
T2N 1Y6 Canada

1. Equations of Dispersion Relations for Three Cantilever Models

1.1. Solution to Model 1 Dispersion

(knL)3k.

sinh(k,L)cos(k, L) — sin(k,L)cosh(k,L) = T

(14 cos(knL)cosh(k,L)) (1)

1.2. Solution to Model 2 Dispersion

— (cosh(knLy)sin(knL1) — sinh(kyL1)cos(knL1))(1 + cos(k, L )cosh(k,L"))
— (cosh(knL")sin(kn, L") — sinh(knL")cos(knL'))(1 — cos(kyL1)cosh(k,L1))

= Qk?l%[l + cos(kn (L1 + L'))cosh(k, (L1 + L"))] (2)

1.3. Solution to Model 3 Dispersion

k*  —B+vB?—4AC

5 A (3)

A= (%) (Lil) (1 — cos(z)cosh(xL1))(1 + cos(xzL )cosh(zL')) (4)
B =B+ By + Bs (5)

C = 2(xL1)*(1 + cos(xLy)cosh(xLy)) (6)
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[(1 + cos(xL)cosh(zL"))(sin(xLyi)cosh(nLy) + cos(xLy)sinh(zL1))
— (1 = cos(nLy)cosh(nLy))(sin(x L )cosh(x L") + cos(xL")sinh(zL"))] (7)



By =2 (L—1> (zLy)? <k£ccos(a)sm(a))

[(1 + cos(x L )cosh(xL"))(sin(xL1)sinh(nLy))
+ (1 — cos(nLy)cosh(nLy))(sin(zL')sinh(zL"))] (8)

Bz = (2L1)(cos?(a) + kicsinQ(a))

[(1 4 cos(xL")cosh(xL"))(sin(xLi)cosh(nLy) — cos(xLq)sinh(zL))
— (1 = cos(nLy)cosh(nLy))(sin(x L )cosh(x L") — cos(xzL")sinh(zL"))] (9)
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2. Cantilever Frequency Power Spectrum
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Fig. S1. tiffnessplotStif fnessversusnormal forcedeterminedfrom fitsofthe firstnormalresonantmodepeakinthepowerspectrao fthecontactpor:
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Fig. S2. iamond yrequencyFouriertrans formo ftheout—o f —contactportiono fadiamondcoatedprobeonasiliconsubstrate. T heouto f contactportio
contactportioninred, highlightingthechangeintheresonantpeaklocationsandshapesbetweenthesetwostageso fthemeasurement.

3. Elastic Modulus Determination of PEO
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Fig. S3. anoindentation Example Elastic unloading curves for the PEO sample obtained from nanoindentation experiments
with a Berkovich indenter. Slope of curve in red is the linear fit used to determine the Young’s modulus of the sample.



