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We present a tabletop XUV spectrometer based on a stable laser-driven x-ray source, 

making use of a gas-puff target. With this setup optical light pump / soft x-ray probe 

NEXAFS experiments with a temporal resolution of ~230 ps are feasible. Pump-Probe 

NEXAFS measurements were carried out in the “water window” region (2.28 nm - 4.36 nm) 

on the manganite Pr0.7Ca0.3MnO3 (PCMO), investigating the diminutive changes of the 

oxygen k-edge that derive from an optically induced phase change. The results show the 

practicability of the tabletop XUV spectrometer on demanding investigations so far 

exclusively conducted at synchrotron radiation sources. 
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I. Introduction 

While the development of sources for future lithography at 13.5 nm advances rapidly 
1,2

, 

applications beyond lithography are devised and improved in the EUV/XUV region. The 

development of laboratory-sized tabletop soft x-ray sources has led to an ever growing 

interest in setups for x-ray microscopy in the EUV and “water window” region (2.28 nm -

 4.36 nm) 
3–5

 and absorption spectroscopy at the K-edges of low Z elements 
6–9

. Among 

others, the latter is a powerful tool for investigations of the near-edge x-ray absorption fine 

structure (NEXAFS) for elemental and chemical analysis of samples. NEXAFS can be used 

to obtain element specific information, as it probes intermolecular bonds and distances, 

giving rise to changes in oxidation states. 

Time resolved NEXAFS spectroscopy can be used to study transient changes in the 

electronic structures of photoinduced phase changes in elements and components, such as 

manganites like Pr0.7Ca0.3MnO3 (PCMO) 
10

. Phase changes of various kinds of this and other 

colossal magnetoresistive (CMR) manganites have been of great interest as to understand the 

underlying mechanics leading to these interesting material behaviors 
11–13

. 

So far the use of the optical light pump / soft x-ray probe setup of table-top size has been 

demonstrated for nanosecond time-resolved x-ray diffraction experiments of nm-sized 

periodicity 
14–16

. Propagation of heat waves at nanosecond timescale on organic layered 

systems has been reported. 

Here, we demonstrate the feasibility of conducting time-resolved NEXAFS 

measurements on the optical induced phase-change of PCMO with the aforementioned table-

top size XUV setup. The measurements on the transient changes of the electronic structure of 

the photoinduced phase change were carried out with a temporal resolution of ~230 ps and 

the change in absorption on the oxygen k-edge due to this phase change was determined 
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II. Setup 

The time-resolved NEXAFS experiments were performed in a vacuum system (FIG. 1), 

as the mean free path of soft x-ray radiation in air is less than 1 mm. The x-ray source is 

based on a laser-induced plasma, making use of a ps laser system (Ekspla, SL312P, 

λ = 1064 nm, f = 5 Hz, tpulse = 170 ps) and a gas-puff target. The laser beam is focused into the 

source chamber and synchronized with a short krypton gas pulse created by a piezo driven 

fast gas valve (Proch-Trickl type 
17

, backing pressure 10 bar, topen = 900 µs). The light emitted 

from the hot and dense krypton plasma is filtered by an aluminum filter (thickness 200 nm), 

eliminating out-of-band radiation, such as visible light. In the sample chamber, the PCMO 

sample is held by a cryostat (Oxford Instruments, Mikrostat, Temperature stability +/- 0.1 K) 

and is cooled down to 100 K with liquid nitrogen. 

 

FIG. 1: Experimental Setup used for the pump-probe NEXAFS spectroscopy measurements. 

In addition to the shown components the sample-chamber was equipped with a cooling 

system based on liquid nitrogen. 
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The window of the sample chamber for the pump pulse had an antireflective coating for 

IR radiation and apertures inside the sample chamber prevented stray light to pass into the 

spectrometer. The spectrometer is built up of an entrance slit (d = 100 µm), an aberration-

corrected concave grating (Hitachi, 2400 grooves/mm, wavelength range 1 - 5 nm) and a 

backside-illuminated CCD camera (Roper Scientific, 2048×512 Pixels, 13 µm×13 µm pixel 

size). With this setup the complete spectrum of the XUV source between 300 eV and 1050 eV 

is recorded within a single pulse. 

The probe pulse was divided off the main pulse using a beamsplitter and its energy 

measured with a laser energy meter (Ophir Nova). The resulting energy of the pump beam 

was approx. 4 % of the main pulse energy. The temporal overlap between the two pulses at 

the sample position was determined with an ultrafast photodiode, a fast oscilloscope 

(Tektronix, DPO 7254, 2.5 GHz, 40 GS/s) and the known path differences in the beam paths. 

The delay stage allowed for a delay of - 2.0 ns to + 3.5 ns between the pump pulse and the 

probe pulse at the sample surface. 

III. Time-resolved Measurements 

Optically pump / soft x-ray probe spectroscopy has been performed on a thin layer 

(200 nm) of PCMO. The layer was deposited onto a Si3N4 sample window via pulsed laser 

deposition (PLD) at room-temperature at the IMP (Institut für Materialphysik, University of 

Göttingen). After deposition, the PCMO thin layer was annealed for 15 hours at 700°C under 

air and the crystal structure was verified via x-ray diffraction (XRD) to be orthorhombic 

(space group Pbnm), as to be expected with the perovskite PCMO. 

The PCMO thin film was investigated via x-ray photoelectron spectroscopy (XPS), the 

Mn
4+

/Mn
3+

 ratio was verified and compared with literature, complying with the known ratio 

for Pr0.7Ca0.3MnO3 (IPPT, Technical University, Clausthal) 
18–20

. The measurements were 

performed at room temperature in an ultra high vacuum apparatus with a base pressure of 

5  10
-11

 hPa 
21

 using a hemispherical analyzer (VSW HA100) and a commercial non-

monochromatic X-ray source (Specs RQ20/38C). For the measurement the Al Kα line 

(photon energy 1486.7 eV) was used.  

The sample was fixed on the cryostat via a copper frame, ensuring a uniform 

temperature over the sample size. The sample temperature was set to 100 K and the sample 
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surface was positioned perpendicular to the probe-beam propagation. The pump pulse was 

aligned so that the angle of incidence was 45° in respect to the sample surface, hitting the 

middle of the sample. The laser pulse energy was set to 240 mJ, leading to a pump pulse of 

approx. 9 mJ. The pump beam diameter was focused from 16 mm to 5 mm, resulting in a 

fluence of approx. 30 mJ/cm², sufficient to optically induce the phase change of the PCMO 
22

. 

In order to measure the diminutive changes in the oxygen k-edge resulting from the 

photoinduced phase change, a high reproducibility over the course of the long measurement 

(1h and more) had to be maintained. This was achieved by using the laser in 1 Hz mode, as 

the pulse energy, i.e. the intensity of the plasma is dependent on the repetition rate of the 

laser. FIG. 2 shows the dependency of the plasma intensity on the repetition rate and time. 

For this measurement the emission spectra of krypton plasmas have been accumulated 

over one minute and these spectra were integrated to obtain the total spectral intensity over 

one minute for the 1 Hz and 5 Hz repetition rate, respectively. For the 1 Hz mode the standard 

deviation is approx. 1.3 % of the arithmetic average and only a slight trend downward can be 

observed. For the 5 Hz mode a drastic drop in intensity can be observed, leading to a standard 

deviation of approx. 4.7 % of the arithmetic average. The trend of the intensity after 

30 minutes is slightly modulated with a frequency of nearly 7 minutes. Further tests have 

shown that the drop in the intensity can be associated with the thermal load in the laser 

resonator and the low intensity modulation frequency of 7 minutes to the cooling cycle of the 

laser system. Consequently, the time-resolved NEXAFS measurements of PCMO were 

conducted with a repetition rate of 1 Hz to ensure a steady intensity of the XUV plasma 

source. 

To further enhance the sensitivity during the measurement, for each timepoint the 

spectra were accumulated over 100 pulses and for each sample measurement one reference 

measurement was performed. The reference spectra were recorded with a time delay of 

Δt = - 2.0 ns and therefore well before the excitation of the sample through the pump pulse. 

For transmission measurements the NEXAFS spectra are obtained through calculation of 

the optical thickness with the Lambert-Beer-Law  

              
  
  
   1 
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where OD is the optical thickness of the given sample, IS the transmitted (i.e. sample) and I0 

the reference intensities. 

 

FIG. 2: Long-time stability of the plasma intensity while using the laser with 1 Hz (left) and 

5 Hz (right). Each data point represents the total integrated intensity of the krypton spectra 

measured over 60 seconds. 

The change in e.g. a bond length or oxidation state will result in a change in the intensity 

of an absorption edge and can be calculated by  

            
  
  
   2 

with ODE being from the excited and ODR being from the reference sample measurement, 

respectively. This way, no moving of the sample was needed, as both spectra could be 

measured after passing through the sample, facilitating the measurement procedure. Too, the 

transmission of the same position of the sample was achieved. 
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IV. Results and Discussion 

A static NEXAFS spectrum of PCMO is shown in FIG. 3, exhibiting absorption edges of 

every constituent element of PCMO. Synchronous monitoring of all absorption edges is 

therefore possible, as the whole spectral region is recorded at once. The nitrogen absorption 

edge derives from the Si3N4 sample window. 

Here, an investigation of the absorption changes in the oxygen K-edge (FIG. 3, inset) 

originating from the photoinduced phase change will be carried out. The peak at ~ 530 eV is 

of interest and arises from covalent hybridization between the oxygen 2p orbital and the 

manganese 3d orbital and therefore holds the information that control the conduction changes 

in Pr0.7Ca0.3MnO3 
10

. 

 

FIG. 3: NEXAFS-Spectrum of Pr0.7Ca0.3MnO3 (PCMO) in the water-window region and the 

section of the oxygen absorption K-edge (inset). As can be seen, each element of PCMO has 

an absorption-edge in the water-window, allowing for spectral investigations on every one of 

them. The nitrogen K-edge derives from the Si3N4 sample window. 

To illustrate the principle of plasma based soft x-ray time-resolved spectroscopy, in 

FIG. 4 two NEXAFS spectra of distinguished edge features before and at the illumination are 

shown. The temporal evolution of the change in absorption at ~530 eV due to the 

photoinduced phase change is shown in FIG. 5. 
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FIG. 4: Static NEXAFS spectra of the oxygen k-edge of non-excited PCMO (blue) and excited 

PCMO (red). 

Before time zero between the pump and probe pulse there is basically no change in 

absorption. After time zero the absorption drops, exhibiting a time constant of τ = 230 ps, 

which is the temporal resolution-limit of the setup. Although being fairly diminutive in nature 

(~ 3.5 % change) the differences in absorption following the photo induced phase-change can 

be observed. This allows for further time resolved investigations on PCMO and other 

samples, that exhibit equally small or greater changes in absorption after excitation. 

After approximately 1 ns, the sample relaxes back into the unexcited state. 

 

FIG. 5: Relative change in the absorption of the oxygen k-edge as a function of the pulse 

delay at 530 eV due to the photoinduced phase change. The solid line between time zero and 

0.7 ns is an exponential fit of the data points, which yields the temporal resolution of the 

setup. 
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V. Conclusion 

Recapitulatory, a tabletop XUV spectrometer based on a ps-laser induced plasma source 

is introduced, with which time-resolved NEXAFS spectroscopy can be performed, as shown 

with the case of the transient photoinduced phase change of the CMR manganite 

Pr0.7Ca0.3MnO3. Absorption changes at the oxygen k-edge of 3.5 % were observed. This way, 

the feasibility of conducting time-resolved measurements on liquid nitrogen cooled samples 

with a temporal resolution or approximately 230 ps with a tabletop XUV spectrometer was 

demonstrated. 
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