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Many new small-angle x-ray scattering (SAXS) studies of nano-sized systems will be
possible by improving the time resolution to sub-us and beyond. We have designed and
are constructing a new time-resolved detector for SAXS that will have a resolution of
~300 ns. Finer time resolution will be possible in a pump-probe mode.

The detector is made from a 500 um (thick) x 15 cm diameter disk of high-resistivity
silicon. At 12 keV 92% of the x-rays will be absorbed in the silicon. Annular rings,
which serve as the anodes, are etched into the back of the disk. The minimum radial
width of the inner rings is designed to be comparable to the size of the incident x-ray
beam, ~ 250 um, while the outer rings maintain a AR/R ~ 0.02, which is comparable to
the energy resolution of the incident beam. This produces a detector with only 128 rings
or channels. Sixteen additional channels are available for auxiliary information, such as
the incident and transmitted x-ray intensity. The current from each channel is amplified
by dual operational amplifier stages followed by an eight-pole optimized low-pass filter
and five amplifiers. The signal from each channel is then digitized by a 20 MHz analog-
to-digital converter (a time interval of 50 ns). Up to 60 averaged intervals, which form
the 12-bit data word for a single frame, are stored every 3.68 ps (the period of the APS)
in a DRAM. Up to 1048576 frames (3.85 s of continuous data) may be stored in the
DRAM. Any combination of the 60 time intervals may be selected, via software, to
provide the optimum signal-to-noise and time resolution.

The second phase of commissioning, with a monochromatic beam, was completed on
Dec 13, 2004 at 12 ID-C. The evolution of the reaction Na,CO; + CaCl, -> CaCOs +
2NaCl to precipitate CaCO3 was monitored in aqueous solution with a time resolution of
3.68 ps. A total of 815217 scattering profiles (frames) were obtained in a single
experiment of 3 seconds duration. The third phase of commissioning, with a “pink”
beam, will take place at 8 ID during run 2005-1. The first experiments are planned for
run 2005-2.
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