
Characterization of a back thinned scientific 
CMOS imager with extended ultra violet and 

soft X-rays

Photon science with extended ultra violet (EUV) to soft X-ray
photons generated by state of the art synchrotrons and FEL
sources imposes an urgent need for suitable photon imaging
detectors. Requirements on such EUV detectors include high
quantum efficiency, high frame rates, very large dynamic range,
single-photon sensitivity with low probability of false positives,
small pixel pitch and (multi)- megapixels. Such characteristics can
be found in few state of the art commercial detectors based on
scientific CMOS (sCMOS), which have been recently developed for
applications in the visible light regime. In particular back thinned
sCMOS are suited for experiments in the photon energy range
between 30 eV and 2000 eV, which requires vacuum operations.
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Introduction
The detector is a back illuminated sCMOS imager for soft X-rays in
the energy range from 35 eV – 2000 eV. It comprises 2048 x 2048
pixels with a pixel size of 6.5 µm x 6.5 µm. The sensor exhibits a
full well capacity of 48000 e- and a readout noise of 1.9 e- (rms)
with a dynamic range of 88 dB. The integration time can be
adjusted between 10 µs – 2 seconds. The maximum frame rate is
given by 48 fps for the full frame. Vacuum compatibility has been
obtained by sealing the carrier board of the sensor, which
constitutes the barrier between vacuum and normal atmosphere,
which allows to keep the entire readout and trigger electronics in
air. At the moment a KF flange is utilized to attach the camera and
subsequently sensor to the experimental vacuum chamber.

CMOS detector 

QEth (E�) = F

⇢
µi (E�)

⇢i

�
= e�

PN
i=1

µi(E�)
⇢i

·⇢i·xi ·
✓
1� e�

µSi(E�)
⇢Si

·⇢Si·xSi

◆

<latexit sha1_base64="X47blCr1Hbyr2Iikc5J+Eltm3C0="></latexit>

1.1

1.0

0.9

0.8

0.7

0.6

0.5

QE

200015001000500
photon energy [eV]

Al edge

C K-edge 284.2 eV

O K-edge 543.1 eV

Measurements

least square fitting results:  0.5 ±0.1 nm of atomic C, 12.3 
± 0.4 nm fatty acid, a 0.9 ± 0.2 nm insensitive Si layer and 
9.9 ±0.1 nm SiO2 passivation, Si epi layer of 10.3 ±0.2 μm

Quantum  using a calibrated IUX photo diode
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Energy resolution

Single photon clusters 
1486 eV

Charge spread FERMI 50 Hz 

TwinMic soft X-ray microscope
Absorption Refraction x scattering

phase 

Pixel size 300 nm

Asbestos in lung cells (at 2.2 keV)
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Autocorrelation at different harmonics 

τFEL ≈ 66.4 fsτFEL ≈ 47.5 fs

H14 
λ = 17.85 nm

H6 
λ = 41.67 nm

It is worth noting that the mono-
chromaticity provided by the beamline
is typically not sufficient for diffraction-
limited focusing with ZPs but the
problem can be overcome by using
the ZP itself with a small aperture as
monochromatizing element (Niemann
et al., 1974). The achievable lateral
resolution of the microscope is mainly
limited by the optical properties of
diffractive optics, which are for example
concisely described and summarized
by Attwood (2007). In STXM mode,
the lateral resolution ! is a Gaussian
convolution of the diffraction-limited
resolution !d, the geometrical resolution
given by the geometrical demagnifica-
tion !g and a chromatic aberration
factor !c (Yun et al., 1999):

!d ¼ 1:22!rN; !g ¼ SSsizeð f=LÞ; !c ¼ Dð!E=EÞ;
ð1Þ

where !rN is the outermost zone width of the ZP, SSsize is the
secondary source diameter, f is the first-order focal length of
the ZP, L is the SS–ZP distance (about 2.2 m in the case of
TwinMic), D is the ZP diameter and !E/E is the degree of
monochromaticity of the beam. Each contribution is then
summed in quadrature to obtain the spot size !:

! ¼ !2
d þ !2

g þ !2
c

! "1=2
: ð2Þ

For a 250 mm-diameter and 80 nm outermost zone width ZP,
the diffraction-limited resolution is !d = 98 nm. For 500 eV
photon energy and a secondary source size of 10 mm diameter,
the geometrical demagnification contributes with !g = 40 nm
and the chromatic aberrations give !c = 26 nm, whereas at
1500 eV photon energy !g = 121 nm and !c = 45 nm (see Fig. 6).

3. TwinMic end-station

The TwinMic instrument has been designed to address a broad
spectrum of applications ranging from life, earth and envir-
onmental sciences to food and agriculture, sustainable ener-
gies, nanotechnologies and new materials. Therefore, rather
than focusing on ultimate spatial resolution, the microscope’s
conceptual design focuses on integrating the versatility of
different imaging modes (i.e. STXM and TXM) in a single
instrument with a manifold of contrast techniques
and spectroscopies. The experimental chamber was designed
to perform correlative measurements with other microscopies.
The sample environment is modular, and can in principle be
operated in air, inert gas atmosphere or vacuum (typically
high vacuum, reaching down to around 10%6 mbar), and it is
therefore adaptable to many scientific applications.

3.1. STXM operation mode

In STXM mode, a ZP focuses the incoming photon beam,
and the specimen is raster-scanned across the microprobe as
shown in Fig. 7. An order-sorting aperture (OSA) is placed
downstream of the ZP to discriminate unwanted diffraction
orders, while a central stop on the ZP absorbs most of the
zeroth-order radiation. Since each scan typically includes a
few tens of thousands of pixels, a fast read-out transmission
detection system is essential.

While single-element detectors add essentially no delay, it
was recognized early on that more sophisticated detection
schemes allow complementary information to be acquired
such as phase contrast or darkfield (Morrison & Browne, 1992;
Feser et al., 2006; Hornberger et al., 2008; Vogt et al., 2001).

Phase-sensitive imaging in such complementary modes is
facilitated by configured detectors (Morrison & Niemann,
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Figure 7
STXM mode as implemented on TwinMic: the beam is focused by a
microprobe forming zone plate (ZP), and a combination of a central stop
(not shown in the figure) and an order-sorting aperture (OSA) transmits
only the desired diffracted light onto the specimen. The detection system
collects the transmitted photons with a fast-readout CCD (FRCCD)
camera through a visible-light-converting system constituted by a
phosphor screen (PS), a first lens (Lens), a 45' inclined mirror (Mirror)
and an objective lens. A low-energy X-ray fluorescence (LEXRF setup)
detector system is also present in slightly backscattering configuration.

Figure 6
Spatial resolution achievable in TwinMic STXM mode versus the outermost zone width of a 200 mm-
diameter ZP and the photon energy. A SS–ZP distance of 2.2 m and the energy resolutions of the
PGM from Fig. 4 have been considered. The labels indicate the lateral resolution in nm.
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Installations

Estimated dose for SiO2 = 7331 Gy
Estimated dose rate for SiO2 = 40 Gy/s
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