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TOMCAT: X-ray tomographic microscopy beamline at the 
Swiss Light Source

� Tomographic microscopy: non-destructive, high-
throughput, high-resolution, 3D imaging technique

� Wide spatial resolution: nano-micro-meso scales (0.1-10 µm)
� High density resolution enhanced by phase contrast
� Broad range of sample sizes (10 µm – 20 mm)
� High temporal resolution: 3D data acquisition in less than 1 s

Spatial Resolution 

10 µm – 0.1 µm

Density Resolution

Phase contrast imaging

Automation

Large scale studies

In-situ capabilities

Furnace/Cryo/Traction Ultra-fast 

tomography
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� Sub-micron spatial resolution
� Small pixel size

� High flux
� 7∗1011 photons/s ∗ mm2 at 20 keV

� Wide energy range (hard X-rays 10-40 keV)
� X-ray stopping power

� Energy resolution (enhanced density sensitivity)
� K-edge imaging in one single shot
� Relevant for bio-medical imaging 

� Dual source vs. energy discriminating detector -> dose reduction

Requirements and wishes

INDIRECT DETECTION
SYSTEMS

DIRECT 
DETECTION
SYSTEMS

Strong dose reduction?
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Indirect detector system: a closer look

X-ray beam
scintillator mirror

to digital camera

light microscopy
objective
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Scintillators at TOMCAT

� High resolution imaging
� Single Crystal scintillators
� 1-30 µm thin to match depth of focus
�Low efficiency: low x-ray absorption and light yield

� LuAG:Ce (Crytur)
� Lutetium Aluminum Garnet activated by cerium
� Density: 6.76 g/cm3

� Emission: 535 nm
� Decay time: 70 ns
�High density -> thinner screens with higher spatial resolution
�Fast decay time
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Light microscopy objective

� Monochromatic x-ray beam
� Interchangeable (motorized) objectives
� 20x (0.7), 10x (0.4), 4x (0.16), 2x (0.08), 1.25x (0.06)
� Pixel size: ~0.325 µm up to 6 µm

� White (pink) beam
� High aperture (F2.5/150 mm) tandem 1:1 configuration
� 2x-to-4x continuous optics
� 10x/20x long working distance objective
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Cameras at TOMCAT

2-6 @ 5°C530 @ 20°C
0.5 @ 20°C

0.01 @ -20°C
Dark current (e-/pixel.s)

100 @ 2560 x 2160 fsc
30 @ 2560 x 2160 ssc

1279 @ 2016x2016
4500 @ 1008x1000

2.2 @ 10 MHz (1ADC)
14.7 @ 40 MHz (2ADC)

Frame rate (fps)

< 1.3 @ 95.3 MHz ssc
< 2.0 @ 286 MHz fsc

23 @ 62.5 MHz6 @ 10 MHz 
7 @ 40 MHz

Read-out noise (e- rms)

161214Dynamic range (bit)

~ 54~ 50~ 55QDE (%) at 535 nm

6.5117.4Pixel size (µm)

2560 x 21602016x20162048x2048Resolution (pixel)

STANDARD
sCMOS

FAST
CMOS

STANDARD
CCD

8 GB/s!!!
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Ultrafast tomographic microscopy at TOMCAT

� Goal 
� Tomographic microscopy

� with sub-second temporal resolution in continuous mode

� with monochromatic and white beam

� in absorption and phase contrast

� with micrometer spatial resolution

� Requirements
� Data must be stored as fast as they are generated
� An online feedback, i.e. on-the-fly data analysis, is essential

UNIQUE
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Motivation – Science driven

� In-situ studies
� Compression/traction of wood, alloys, plastic
� Sintering 1 s – 20 min
� Electrochemistry <0.5 s
� Metallic foam production ~1 ms

� In-vivo studies
� Lung ventilation ~0.1-2 s
� Brain physiology <1 s
� Insect physiology <0.1 s

Period January-June 2012
45% of the accepted proposals requests the ultrafast setup
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In-situ experiment – Mimicking volcanic processes

� Mayor Island (New Zealand) 
banded obsidian 

� Nucleate bubbles to 
characterize dynamics of 
volcanic processes

� Heating rate: 30°C/min

� Temperature range: 600-
1000°C

Samples courtesy M. Pistone, ETH-Zurich

M. Pistone and P. Ulmer, ETH-Zurich
J. Fife, PSI
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Development steps

� Innovative readout electronics for high frame rate detector
� PCO.dimax: CMOS, 36 GB RAM, max. 1279 fps, 12 bit, 2016x2016 

pixels -> 8 GB/s
� GIGAFROST

� In-house (PSI Electronics group) development of readout electronics

� In-house (PSI Controls group) developments of camera control, data streaming, 
compression and server optimization

� First prototype commissioning in the fall

� Strong similarities with the Eiger

� Data preview and ultrafast post-processing pipeline
� Preview: sub-set of raw data in shared memory
� Ultrafast tomographic reconstructions: on-the-fly data processing 

with the goal of 1 tomogram in few seconds
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Conclusions

� SRXTM
� High spatial resolution
� Wide energy range

� Could profit from a direct detection scheme for:
� Dose reduction

� Energy resolution

�Pixel detectors : pixel size reduction and on-pixel interpolation
THE future for SRXTM?

� Ultrafast x-ray tomographic microscopy
� Sub-second temporal resolution in continuous mode
� New customized high-speed data interface for transfer rates > 8 

GB/s

Indirect detection systems


