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Microstructured layered targets for improved laser-induced x-ray backlighters
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We present the usage of two-layer targets with laser-illuminated front-side microstructures for x-ray back-
lighter applications. The targets consisted of a silicon front layer and copper back side layer. The structured
layer was irradiated by the 500-fs PHELIX laser with an intensity above 1020 W cm−2. The total emission and
one-dimensional extent of the copper Kα x-ray emission as well as a wide spectral range between 7.9 and 9.0 keV
were recorded with an array of crystal spectrometers. The measurements show that the front-side modifications
of the silicon in the form of conical microstructures maintain the same peak brightness of the Kα emission
as flat copper foils while suppressing the thermal emission background significantly. The observed Kα source
sizes can be influenced by tilting the conical microstructures with respect to the laser axis. Overall, the recorded
copper Kα photon yields were in the range of 1011 sr−1, demonstrating the suitability of these targets for probing
applications without subjecting the probed material to additional heating from thermal line emission.
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I. INTRODUCTION

The interaction of a high-intensity short-pulse laser with
a solid target is used to produce high temperature, near solid
density plasma states. These states are of interest for studying
high energy density (HED) physics as well as for generating
energetic particle beams and short-pulse x-ray sources [1–3].
In particular, the spectral line emission of laser driven x-ray
sources provides a unique tool for diagnostic applications in
HED experiments [4–8]. These sources have been shown to
provide sufficiently high photon numbers within a narrow
bandwidth for spectrally resolved scattering measurements,
such as x-ray Thomson scattering or Talbot-Lau interfer-
ometry [9–11], thereby giving insights into the temperature,
density, and ionization state of the probed matter. Further-
more, laser driven x-ray sources have been widely used as
high brightness backlighters for radiography of inertial con-
finement fusion and other HED experiments [12,13].

Past studies have investigated multiple aspects of these
laser driven x-ray sources depending on the intended applica-
tion. The primary interest in the optimization of laser-driven
backlighters are the source size, overall photon yield, and
conversion efficiency (CE) [11,12]. The x-ray energy is also
important for probing large or dense samples. In particular,
emission from higher-Z materials is more suitable for probing
strongly heated and dense matter [12]. Investigations into the
dependence of the CE on the target material have shown
that thermal Heα and Lyα line emission from highly ionized
material decreases the CE with increasing Z [14,15], while
Kα emission from weakly ionized, cold material has shown a
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near independence of CE from Z [9]. The highly nonuniform
plasma produced during the laser-matter interaction with a
simple flat foil target also results in a complex emission spec-
trum ranging from cold Kα line emission to Heα and Lyα

emission from the heated interaction region, with the possi-
bility of multiple red-shifted satellite lines. For applications
that rely on a small spectral bandwidth, such as scattering
experiments [5–8], the absence of prominent satellite lines in
weakly ionized Kα sources is preferred over thermal Heα and
Lyα sources [9].

In order to achieve a clean spectrum without thermal line
emission, layered targets consisting of two different materials
are used [16]. The front layer interacts with the laser and is
strongly heated. The accelerated electrons travel into the back
side layer that is still relatively cold and therefore produces a
pure Kα emission without any heating effects. A high-quality
Kα source can be achieved by carefully choosing a material
with no prominent lines within the considered Kα spectrum of
the back side layer. However, as energy is already deposited
in the front layer, a lower photon yield is to be expected
from the back side layer. Changing the laser-target interac-
tion can counterbalance this effect. Research has investigated
the enhancement of the laser-target coupling through foams
[17], nanostructures [18], and subwavelength gratings [19] to
improve the x-ray emission directly. More recently, front-side
modifications in the form of µm-scale, conical structures [20]
have shown a strong increase of the x-ray photon yield. This
approach has the additional advantage that the back side layer
can be limited in mass and further customized. This allows us
to tailor the target with respect to increased photon yield or
limited source size.

In this work, targets consisting of a silicon (Si) front
surface and a copper (Cu) back side are investigated. The
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FIG. 1. Experimental setup in side (a) and top (b) view, as well as schematics of the studied targets (c). The PHELIX laser is focused onto
the layered target under α = 15◦ to target normal (red solid line). The laser polarization with respect to a flat foil target (s-pol) is indicated in
white. Two spectrometers observe the x-ray emission on the target back side. A HOPG crystal is positioned in the laser plane, whereas a Ge
crystal is pointing upwards but in target normal direction. The layered targets consist of a Si front side (black) and a Cu back side (orange).
The target names describe the angular difference between structure axis and laser axis.

experiments were performed at the PHELIX laser facility in
Darmstadt, Germany [21]. The setup, used diagnostics and
targets are described in Sec. II. The benefit of the layered tar-
gets with respect to their spectral quality is shown in contrast
to a pure Cu foil in Sec. III A. Furthermore, the enhance-
ment by microstructured front surfaces is presented. Recorded
photon numbers, conversion efficiencies, and source sizes are
discussed in Secs. III B and III C.

II. EXPERIMENTAL SETUP AND DIAGNOSTICS

The general setup of the high-intensity campaign is dis-
played in Fig. 1. The laser beam with a wavelength of 1053 nm
and an average energy of (146 ± 23) J was focused onto the
target with a Cu off-axis parabolic mirror down to a focal spot
size of (6.4 ± 1.2) μm [full width at half maximum (FWHM)]
for all measurements. The focal imaging displayed a comalike
aberration around the focal spot, such that only about 40% of
the laser energy was contained in the focal spot with an area
of (32 ± 12) μm2 FWHM. The laser pulse length was 500 fs,
resulting in mean peak intensity on target of (3.4 ± 1.2) ×
1020 W cm−2. The large uncertainty in this intensity is derived
from the shot-to-shot energy variation during the campaign
and slight changes in the best achievable focal spot. The laser
incidence angle was 15◦ with respect to the target normal
and had a contrast of 1012 between the amplified spontaneous
emission level and peak power [22–24]. The Rayleigh length
of the PHELIX laser in our experimental setup was measured
to be 35 µm, which gives a relatively wide margin for target
positioning.

Multiple spectrometers were used to measure the time-
integrated x-ray spectra emitted from the targets, two of which
will be used for this analysis and further described. Both
recorded the x-ray emission from the target back side as
displayed in Fig. 1. A 20-μm-thick black polycarbonate film
was used as a debris shield protecting each crystal and to keep
the image plate (IP) packs light tight. Two-millimeter-thick Pb
plates were used to screen the direct line of sight to the laser
interaction area to reduce the hard x-ray background. The IPs

were scanned with a Typhoon FLA 7000 scanner approxi-
mately 20 min after the laser shot. The dispersion relation for
the spectrometers was found by a second order polynomial fit
to known line positions in the spectrum.

One of the spectrometers contained a flat highly oriented
pyrolitic graphite (HOPG) crystal as the diffractive element
[25]. This mosaic crystal features a high reflectivity due to
mosaic focusing but has a reduced resolution due to the an-
gular spread of the crystallites. With a large crystal surface of
20 × 50 mm2, the spectrometer was used to image the spectral
range between 7.9 and 9.0 keV. The spectral range was chosen
to record the Cu Kα and Kβ as well as the Heα and Lyα line
emission. It covered a solid angle of 2.9 × 10−3 sr and was
aligned at 41◦ with respect to target normal. The used IP was
a Fujifilm BAS-SR.

The second spectrometer was set up with a toroidally
curved germanium (Ge) crystal with a surface area of
15 × 50 mm2 [26]. The spectral range was set to 8.0 to
8.1 keV, imaging the Cu Kα emission with a solid angle
of 3.9 × 10−3 sr on a Fujifilm BAS-TR IP. In addition, the
geometry of the crystal enabled spatial imaging of the source
with a resolution of 18 µm perpendicular to the dispersive
direction. The spectrometer was positioned at an angle of 64◦
to target normal.

Three types of targets were used, namely plain Cu tar-
gets, flat layered targets and microstructured layered targets.
Figure 1(c) shows schematics of these targets. To obtain a
reference spectrum, foils of pure Cu with 10 µm thickness
were employed. The layered targets consisted of a Si front side
with a Cu layer on the back side. Flat targets were produced
from a 15-μm-thick Si wafer with a 5-μm-thick layer of Cu
deposited on the back side using thermal evaporation. The
thickness of the Si wafer was chosen to correlate with the line
density of the subsequently described microstructured targets.

For the front surface modified targets, a comparable
5-μm-thick layer of Cu was deposited via thermal evaporation
onto one side of a polished Si wafer. Then the Si wafer was
repetitively irradiated on the other side by a series of fem-
tosecond laser pulses to produce conical microstructures. The
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FIG. 2. Spectra of a pure Cu foil (orange dashed), a flat Si wafer with Cu back side (blue dash-point) and microstructured Si wafer with Cu
back side (green solid) measured with the HOPG spectrometer. The pure Cu foil exhibits multiple line emissions, both from cold, unionized
material (Kα and Kβ) as well as highly ionized atoms. The two layered targets show no heating effects, demonstrating the effective decoupling
of direct laser heating and x-ray emission. Through improvement of the laser interaction with the target by using a microstructured front, the
decrease in efficiency in Kα line emission of the decoupling can be negated. The inset displays spectra recorded by the toroidal Ge spectrometer
during the same shots. The Kα1 and Kα2 line emission can be clearly distinguished. The much higher spectral resolution of the Ge spectrometer
also allows for a better resolution of the blue wing between 8060 and 8080 eV in comparison to the HOPG spectrometer.

dimensions of the resulting structures are 25-μm cones with
a base width of 6 µm. The remaining substrate between cone
base and Cu layer was 5 µm. In one configuration, the mi-
crostructures are oriented along the target normal and interact
with the high-intensity laser under its pointing angle of 15◦.
Tilted microstructures with a 0◦ and 30◦ angle with respect
to the high-intensity laser were also produced by tilting the
substrate during the structuring process, as shown in Fig. 1(c).
Further information on these microstructured targets and their
fabrication from Si can be found in publications by Ebert et al.
[27,28].

Additionally, for a subset of both flat and structured
layered targets, the deposited Cu material was limited to
two (100 ± 10)-μm-diameter dots. These dots were spaced
(250 ± 10) µm center to center. All targets were produced
at the Detector and Target Laboratory, Institute for Nuclear
Physics, Technical University Darmstadt.

III. RESULTS AND DISCUSSION

A. Spectral features

Multiple K-shell line emissions from different ionization
states can be observed during a laser-matter interaction and
are a useful tool to investigate the plasma conditions. The
interaction of the laser with the front side material results in
a high temperature and the generation of energetic electrons,
usually referred to as hot or fast electrons. K-shell vacancies
are generated by inelastic collisions of these hot electrons.
Different characteristic emission is observed depending on the
plasma conditions. If the bulk material is still relatively cold
and the atoms are weakly ionized, the characteristic inner-
shell 2p-1s transition lines are observed, commonly referred
to as cold Kα lines [29]. With increasing number of colli-
sions from bulk electrons, the outer shells are ionized, and
M-shell vacancies occur. As a result, the electronic screen-
ing of the K and L shells decreases and a broadening and
blueshift of the cold Kα lines can be observed [30]. In addi-

tion, the heated plasma formed on the front surface contains an
increasing mixture of ionization states, therefore a variety
of shifted transitions can be observed. For a strongly heated
target, the most prominent lines include emission from Li-like
(Liα), He-like (Heα), and H-like (Lyα) states [31,32].

Figure 2 displays time-integrated spectra of three measure-
ments of the different target types. The spectrum of the pure
Cu target shows multiple distinct emission lines. On the left
and right sides of the spectrum, the Kα and Kβ lines are
visible. The Kα emission is expected to occur during the initial
interaction phase before the laser reaches its peak and toward
the back side of the target, where the bulk material is still cold.
Together with this cold material emission, Liα, Heα, and Lyα

lines can be seen in the spectrum. As the Heα and Lyα peaks
are of a similar intensity, we infer a temperature in the order
of 1 to few keV [33].

For the flat, layered target cold material emission is ob-
served as well. However, the Kα signal is substantially
decreased by approximately 70% compared to the emission
recorded for the pure Cu foil. In part, this reduced emission
can be attributed to the additional collisions of the electrons
inside the Si region of the target. The cross sections for elec-
tron impact K-shell ionization in Cu rises sharply above the
binding energy of 8.979 keV, has a maximum around 30 keV
and then falls again to energies of 1 MeV [34]. While hot
electron temperatures of up to a few MeV are observed for
laser intensities exceeding 1 × 1020 W cm−2, most electrons
are expected to have energies in the order of a few 100 keV
[35,36]. According to the continuous slowing down approxi-
mation, electrons with energies below 38 keV are completely
stopped in the Si layer at the target front. Consequently, these
low-energy electrons do not contribute to K-shell ionization.
Of the remaining electrons, only those that enter the Cu layer
with a residual energy below 44 keV completely deposit their
energy in the 5-μm-thick back side layer. This leaves a large
portion of electrons which only deposit part of their energy
and primarily contribute to the K-shell ionization through
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refluxing [35]. Compared to the 10-μm-thick flat foil, this
significantly reduces the overall available energy for K-shell
ionization in the 5-μm-thick Cu back side of the layered target
and thus explains the observed reduction of Kα emission. As
we did not measure the target performance as a function of
the Cu layer thickness, the reduction in emission as a function
of this parameter cannot be quantified at this point. Based on
this reasoning, we conclude that the decreased Kα signal is
mainly the result of energy losses inside the Si region of the
target and the target performance might be further increased
with a thicker back side Cu layer.

No emission of a heated plasma is seen with the flat layered
target. As the laser only interacts directly with the Si, there is
no substantial heating of Cu during the laser pulse. Theobald
et al. have shown that this strong heating is localized to a small
surface region of about 1-μm thickness for intensities above
1019 W cm−2 [16].

For a 15◦ microstructured front surface, mainly cold K-
shell emission is observed as well. However, the Kα signal
height is increased by a factor of 3.5 when compared with
the flat layered target, up to the level of the pure Cu foil. As
the line density for both the flat and microstructed target was
chosen to be the same, electrons experience on average the
same amount of collisions inside the Si before interacting with
the Cu. From this follows, that the electron distribution for
the microstructured targets is changed toward higher numbers
and energies, which is a result of a changed laser-target in-
teraction. In a similar experiment conducted at the VULCAN
laser system by Ebert et al. [20], similar microstructured Si
foils were used without a secondary layer. Observation of the
Si emission displayed a strong increase over the complete
Si spectrum together with a higher electron flux, while the
measured electron temperature change only slightly. This is in
good agreement with our findings. Even though the electron
distribution is changed substantially in the Si layer of the
target, still no thermal emission is observed for the Cu layer.

The inset in Fig. 2 displays the observed spectra of the
same measurements from the Ge spectrometer. The two transi-
tions Kα1 and Kα2 can be clearly distinguished. The observed
trend in their intensities closely matches the HOPG spec-
trometer. This is to be expected as the emission of K-shell
radiation is isotropic. To infer rough temperatures of the bulk
electrons, the atomic kinetics model SCFLY [37] was used to
model the spectral emission from a Cu slab of 5 µm thickness.
As the strongly heated area of the layered target is localized
within the Si layer [16], we expect no substantial change in
density of the Cu layer during the x-ray emission and there-
fore assume solid density for the calculations. The K-shell
ionization is driven by a secondary hot electron component.
We found no strong correlation of the calculated spectra with
the hot electron temperature in the range of 0.5–10 MeV and
assumed a temperature of 1 MeV with a share of 0.1 % of
the overall electron population. The calculated spectra were
then convolved with an instrumental function with a width of
1.8 eV. As the measured spectra are time integrated, a single
temperature, single density calculation is only an indication
of the time-averaged conditions. This calculation was found
through minimization of the arithmetic distance between the
measured and calculated spectra. Typically, this approach
yielded a reasonable fit for one temperature, but the blue wing

emission between 8050 and 8090 eV was underestimated by
this approach. Therefore, we combined multiple simulations
with different scaling factors to best represent the complete
observed spectra.

The measured spectra are plotted together with the best
fitting temperature calculations in Fig. 3. For the flat layered
target [Fig. 3(a)], the model with a bulk electron temperature
of 30 eV resulted in the best fit. Adding a second component
with a higher temperature of 90 eV increased the fit toward the
blue wing of the Kα1 peak. For the microstructured targets,
this blue wing is much more developed. While the base peak
shape can be represented with a slightly higher temperature of
40 eV, additional components between 90 and 160 eV are re-
quired to match the measured spectrum, indicating are strong
ionization of the Cu up to approximately Cu16+. The temper-
atures stated here do not represent the full picture but rather
indicate a temperature range in which the material was and are
only used to estimate an upper limit of the temperature. We
infer from this analysis that the bulk electron temperatures of
the Cu layer was a few tens of eV and stayed below 200 eV.
We expect that the observed stronger ionization of the Cu
layer in the case of the microstructured target is again a result
of the increased collisions due to the higher electron numbers.

To summarize, suppression of the heating lines was ob-
served for flat layered targets but resulted in a strong decrease
in Kα yield. The microstructured front surfaces counteract this
decrease and result in the same Kα yield as the pure Cu foils,
while the heating lines are suppressed at the same time.

B. Photon yield and conversion efficiency

The raw signal is given in units of photostimulated lu-
minescence since the spectra were recorded with IPs. The
absolute signal detected in terms of number of photons emit-
ted per sr was obtained through a series of conversions. As
the signal on an IP fades with time, the data are corrected
with the fading functions for both IP types found by Boutoux
et al. [38]. The response function of Fuji IPs was taken from
Meadowcroft et al. [39]. For the mosaic HOPG crystal, the
spectrometer efficiency was estimated by the ray-tracing code
mmpxrt [40], while the Ge crystals reflectivity was calculated
with the DIXI code [41]. The filter transmission is estimated
with values given by Henke et al. [42].

With the above-mentioned conversions, the photon num-
bers per sr integrated over 0.5% bandwidth (BW) around
the Kα peak during the experiment can be calculated and
are summarized in Table I. The overall photon yield is very
similar between the pure Cu foil and the microstructured
layered targets with the closest agreement between the pure
Cu foil and the 15◦ tilted microstructures. For structures
facing into the laser axis (0◦ targets), the yield is slightly
decreased, while for the 30◦ targets the highest photon yield
of (5.4 ± 2.7) × 1011 ph sr−1, which corresponds to (3.7 ±
1.8) × 1011 ph J−1 sr−1, was recorded. We expect this increase
in photon yield is in part a result of the changing source
size, summarized in Table I as well, which will be further
discussed in Sec. III C. The measured photon numbers agree
well with other works, reporting similar yields in the range
of 109 ph sr−1 J−1 [43]. In comparison, the flat front surfaced
target shows only about half the photon number observed.
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FIG. 3. Comparison of normalized, measured spectra with calculated spectra for (a) a flat layer target and (b) a microstructured layer target.
The measured spectra are the same as shown in the inset of Fig. 2. The calculations were made with the atomic kinetics code SCFLY. To model
the blue wing emission between 8050 and 8090 eV, additional components between 90 and 160 eV are included. The different components
are scaled and then added to derive a composite model, where the various scaling factors can be thought of as the portion of material in this
condition.

Equally of interest is the CE, defined by the energy in x-ray
photons normalized to the energy delivered by the laser. The
CEs are calculated for a 0.5% BW around the Kα peak and
are summarized in Table I. The CE of the pure Cu foil and the
microstructured targets is very similar and exceeds the CE of
the flat foil by a factor of 2 to 3. We attribute this enhanced
performance of the microstructured targets in contrast to the
flat layered targets to the improved laser coupling already dis-
cussed in Sec. III A and by Ebert et al. [20]. On the whole, the
CE of about (40.0 ± 2.0) × 10−6 sr−1 is lower than the values
of up to 1.2 × 10−5 sr−1 reported by other groups studying Cu
targets at similar intensities [35]. Works by Theobald et al. and
Neumayer et al. [16,35] showed the importance of electron
refluxing on the CE for intensities beyond 1018 W cm−2 for
the emission of Kα radiation. For large targets with low elec-
tron refluxing capabilities, the Kα CE decreases rapidly with
increasing intensity. As the targets investigated during this
study were roughly 1.5 × 5 mm2 in lateral dimensions and
mounted on a 6-mm-diameter polystyrol stalk, we expect the

electron refluxing was limited, resulting in the lowered CE.
Limiting the targets lateral dimensions should improve the
refluxing capabilities and an enhanced CE is to be expected.

C. Source sizes

The source sizes were measured with the Ge spectrometer
by fitting a Gaussian peak profile along the spatial axis of the
recorded Kα1 peak. With the magnification of the spectrom-
eter, which was calculated with the ray-tracing code mmpxrt
[40], the source sizes are inferred for all layered targets and are
displayed in Fig. 4 and Table I. The source size is much larger
than the original laser spot for all layered targets. Even includ-
ing the observed comalike features around the laser focus, the
source size is approximately 8 times larger than the laser spot
for the flat target. For the microstructured targets facing away
from the laser axis (15◦), the source size is slightly increased
in comparison with the flat target. This is to be expected,
as the rough surface increases the interaction area of the

TABLE I. Measured photon numbers in a 0.5% BW around the Kα peak, laser energies, corresponding conversion efficiencies, source
sizes, and photon fluxes for the investigated target types. The structured targets increase the photon yield to the same level as a pure Cu foil.
The conversion efficiency is similar for all structured targets when compared to the pure Cu foil and increased by a factor of 2–3 in comparison
with the flat layered target. The source size is relatively large for all layered targets. A decrease is observed for 0◦ targets. All values are derived
from single shot measurements. For all microstructured targets, the values are derived from the mean of two measurements for the specific
configuration.

Target type No. of photons in 1011 sr−1 Laser energy in J CE in 10−6 sr−1 Source size in µm No. of photons in 1013 sr−1 mm−2

Pure Cu foil 4.8 ± 2.4 155 ± 2 4.0 ± 2.0 — —
Flat Si + Cu 2.0 ± 1.0 160 ± 18 1.6 ± 0.8 155.6 ± 1.9 1.1 ± 0.6

0◦ struct Si + Cu 3.8 ± 1.9 125 ± 8 4.0 ± 2.0 138.6 ± 1.2 2.5 ± 0.6
15◦ struct Si + Cu 4.6 ± 2.3 163 ± 13 3.6 ± 1.8 161.0 ± 1.3 2.2 ± 0.5
30◦ struct Si + Cu 5.4 ± 2.7 146 ± 12 4.8 ± 2.4 197.0 ± 5.0 1.8 ± 0.7
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FIG. 4. Source sizes (black circle) and estimated brilliances (blue
triangle). The source sizes (FWHM) of the investigated targets are
much larger than the laser spot. The source size increases slightly for
structured targets compared to flat targets as expected (target types
15◦ and 30◦). A tilt of the microstructures (target type 0◦) into the
laser axis, however, shows a clear decrease in source size which can
be explained geometrically. The photon flux is increased for the 0◦

target.

laser. For the 30◦ microstructures, this effect further increases
and subsequently also increases the photon yield as mention
in Sec. III B. On the other hand, microstructures pointing
along the laser axis focus the laser, resulting in an overall
smaller source size and slight decrease in Kα photon yield
(see Table I). However, normalizing the photon yield to the
measured source size, as displayed in Fig. 4 and Table I, shows
a varying photon flux from the differently tilted microstructure
targets, with a maximum for the 0◦ tilted microstructures. We
expect that with the change of tilt angle the location of the
electron generation inside the region of the microstructures
also changes. For the 0◦ target, the laser can penetrate deeper
into a needle valley and the hot electrons produced there
experience less collisions before interacting with the Cu back
side layer. On the other hand, for the 30◦ target, the laser
interacts more with the needle tips and the electrons have to
move through more material before reaching the Cu back side
layer, broadening due to an increased amount of collisions.

For layered targets with two Cu dots, two separate sources
can clearly be distinguished on the IP of the toroidal spec-
trometer, as shown in Fig. 5. Limiting the emission material
on the back side decreases the source size to roughly (107 ±
10) µm (FWHM), agreeing well with the initial dot sizes of
(100 ± 4) µm. The separation of the sources is slightly smaller
at (205 ± 10) µm in comparison to the initial center to cen-
ter distance of (242 ± 10) µm. We attribute this discrepancy
to a slight rotation of the target plane with respect to the
spatial imaging axis, resulting in an apparent smaller spac-
ing between the two sources. Other studies have investigated
wire targets or foils, which are irradiated edge-on, to limit
the source size at least in one dimension down to a few
microns [12]. The targets presented here pose the possibility
to limit the source size in two dimensions while retaining
the advantages described above for the layered targets, such

FIG. 5. Observed spectra of a two dot target as recorded with an
IP (a) and the corresponding spatial distribution of the Kα1 line (b).
The distinction between the two dots acting as sources is clearly vis-
ible. The FWHM of a Gaussian fit is approximately (107 ± 10) µm
for both sources. This is in good agreement with the initial Cu dot
size of (100 ± 4) µm. The separation is found to be (205 ± 10) µm,
which is smaller than the initial target design.

as a suppression of thermal emission and an increased yield
through front side modifications. The next step toward a
pointlike brilliant Kα backlighter source would be a material
deposition of a much smaller volume. In addition, as the laser
interaction is decoupled from the emission material, multiple
emitting materials on the back side on an enhancing front side
could be realized. This opens the possibility to probe experi-
ments with multiple different Kα lines of varying energy.

IV. CONCLUSION

We present the high-quality spectral output of layered
targets for x-ray source applications at high-power laser
facilities. Diminishing photon yields due to the layered
structure are compensated with the enhancement of the
laser-target coupling through front-side microstructures from
(2.0 ± 1.0) × 1011 ph sr−1 up to (5.4 ± 2.7) × 1011 ph sr−1.
The thermal line emission typically observed for directly
driven one-material x-ray backlighters is suppressed signifi-
cantly, resulting in pure Kα sources for probing applications.
A tilt of the conical microstructures with respect to the laser
axis increases both the total photon yield and source size with
increasing angles ranging from 0◦ to 30◦. The highest photon
flux is achieved with the 0◦ targets that point in the direction of
the incoming laser, reaching 2.5 ± 0.6) × 1013 ph sr−1 mm−2.
The source size can be limited through defined material de-
position, in our case to 100 µm diameter. The resulting Kα

spectrum is of high quality and brilliance for Kα spectroscopic
applications, without the presence of satellite or thermal line
emission.
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