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Sample alignment

Figure 1 shows the SiN membrane with the samples. Each sample is located inside of a
50×50 µm2 Au frame, that can be easily pre-aligned using an optical microscope. The
sample objects were aligned to the X-ray beam with a mesh scan at low fluence pulse
conditions. The membrane was translated such that the FEL beam was illuminating the
center of the frame, where the sample was positioned.

Samples

Sample objects P1 P2 and P3 were investigated in detail. Figure 2 shows the SEM images
of the selected structures measured after the FEL experiment.

Visibilty

The visibility of the reconstructions was quantified by calculating the variance of the selected
ROI (see Fig. 2b in the manuscript). Fig 3 shows the variance of the reconstructions
obtained from N pulses.
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Heat estimation at the sample

We estimated the heating at the sample structure (i.e., Au, Cr and SiN) caused by the
intense XFEL pulses. The cross section of the sample object is shown in Fig. 1c (in the
manuscript). The absorbed energy per atom was calculated according to [1]

E ≈
NEphσM

Nab2s
,

where Na is Avogadro’s number, M is the molar mass, and N is the number of photons
in a single FEL pulse and bs is a beam size. The σ corresponds to the photoabsorption
cross-section. For Au σ = 151.7cm2/g and M = 196.9 g/mol [2].

Fig. 4 shows pulse energies measured at the sample position. We simulated the expected
heat dissipation time from the illuminated area by solving the transient heat transfer equa-
tion applied for the sample structure shown in Fig. 1c. A finite element transient thermal
analysis is conducted using the ANSYS software [3] by approximating the sample struc-
ture with finite elements, solving on element nodes and piece-wise interpolating of the field
quantity (i.e., temperature). Boundary conditions are applied including a volumetric heat
generation to simulate the FEL beam and the interface between the sample and the sur-
rounding medium. The heat values are obtained using a single beam energy of 0.16 µJ and
applied within the first 100 fs on the illuminated area taking into account absorption of
various elements in the sample. Fig. 5 shows the resulting temperature profile of Au, Cr
and SiN in the sample as a function of time.

Simulated FTH reconstructions

Figure 6 a) shows the hologram of the sample object P and reference structures shown
Fig. 2. The image comprises of 1000×1000 pixels with qmax= 0.278 nm−1. Resulting
holographic reconstruction is shown in Fig. 6c). The effect of the beamtstop masking lower
q values qmin = 0.017 nm−1 is shown in Fig. 6b). Corresponding reconstruction in Fig. 6d)
shows the non-uniform visibility across the P-letter and a round feature in the middle of
the reconstruction.
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Figure 1: SiN membrane with holographic samples located inside quadratic gold structures.
The size of Au structures is 50×50 µm2. A typical P-letter structure is shown in
the inset.
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Figure 2: SEM images of the P structures a) P1 b) P2 c) P3 measured after the FTH
experiment.
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Figure 3: a) Calculated variance of the reconstructed P-letter object (ROI1) and back-
ground (ROI2) as a function of the number of accumulated pulses N . b) The
position of the ROI1 and ROI2 are denoted by blue and red rectangles, respec-
tively. The size of each ROI is 100×430 nm2.

a) b)

Figure 4: a) Pulse energies at the sample position measured for P1 and P2 structures with
lower branch (LB) and upper branch (UB) for two attenuator settings. b) Pulse
energies measured at the P3 structure.
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Figure 5: Simulated temperature of Au, Cr and SiN in the sample as a function of time.
The pulse energy used in the simulations was 0.16 µJ/pulse
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Figure 6: Calculated Fourier transform hologram of the object based on the SEM images
shown in Fig. 2 without the beamstop a) and with the beamstop b). To emphasise
the effect of the beamstop on the reconstruction, the reference structures are set
to point-like structures. Reconstructed images of the corresponding holograms c)
without the beamstop and d) with the beamstop. The inset in the figures shows
a zoom into the reconstructed object.
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Figure 7: Reconstruction of the sample letter-P exposured to 25 FEL pulses without a) and
with the filter b) applied in the analysis.
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