Imaging Photon Camera with High Spatiotemporal Resolution
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Abstract: Parallel Cross Strip Electronics:

Photon counting detectors with high spatiotemporal resolution are key The Parallel Cross Strip Electronics i )

tools of imaging techniques where picosecond timing and micrometer digitize events in neighboring strips of

Imaging are required, for example in time resolved single molecule the XS anode that exceed a threshold

imaging. PHOTONIS’ Imaging Photon Camera (IPC) is a wide field of (Figure 7). [3]

view (18 mm active area) system able to detect individual photons

within resolution of 100 ps in time and 40 ym FWHM in position. The The ADC sampling frequency is 50 MHz.

Imaging Photon Camera consists of a dual microchannel plate (MCP) For each photon the X and Y position are

tube equipped with a 22 mm cross strip (XS) anode and specially calculated by center of gravity of the Figure 7: Parallel Cross Strip

designed high speed electronics that achieve global count rates charge distribution in the X and Y axis. Electronics process the signals.

up to 5 MHz. The spatial resolution in X and Y direction | )
Is the same and about 40 ym FWHM.

Camera Overview: | |
A double sampling TDC measures the time
The microchannel plate (MCP) tube (Figure 1) is enclosed in an air tight between the trigger pulse (a laser) and the
aluminum housing with thermoelectric coolers and temperature sensors detected event. The timing can be
(Figure 2). A C-type mount allows attachment of lens, a microscope measured from the back of the MCP
phOtotube or any deS”'ed Opt|CS StaCk |f 100 pS reSOIUtK?n IS reqUII’ed
. N, _ L N (Figure 8).The electronics can process - e
p 24 up to 5 MHz input event rates. Bin Number (4.8 pe per bi)
- Figure 8: Temporal Resolution
. shows FWHM at 98 ps. )
Acquisition Software and GUI:
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dual MCP and 22 mm mounted in aluminum Figure 3: Electrons Coordlnate_s, t.he pUIse. height 2] 2| W[« srersim wor] wor
. . detected bv XS anode. and the coincidence time are - ,
cross strip anode. housing. y
- /N /N / transferred to a computer
| | through a 1 gigabit/s Ethernet
Incoming photons are converted into electrons by the photocathode and link. The real time image is
then amplified by a pair of MCPs. The electron cloud is detected by generated and important
several strips in the XS anode (Figure 3). [1] parameters are derived and
displayed (Figure 9).
New Hi-QE Photocathodes: i

The first PHOTONIS IPC,

The Dark Count rate of the new PHOTONIS Hi-QE S20 photocathodes installed at the National Figure 9: Graphical User Interface provides
Is extremely low, 20-30 cps/cm? compared to conventional S20 Institute of Standards & - real time image with relevant parameters. )
photocathodes, with 1000-2000 cps/cm?. [2] Technology (NIST), is currently
being commissioned in a new single-molecule super-resolution
Although the GaAs has a higher QE than the Hi-QE Red ,the dark count fluorescence lifetime imaging microscope at the Center for
rate is also higher for this cathode. Cooling dramatically reduces the Nanoscale Science and Technology at NIST.
dark count rate of all photocathode types (Figure 4).
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% timing and ~40 ym spatial Figure 10: Actual Image from the IPC camera
| | | resolution. Newly introduced (Courtesy: NIST, 2016). The bright spots are
Figure 4 QE_ Cu_r_ves sh_ow _for PHOTONIS’ available photocathodes, designed high quantum efficiency aluminum nanodisks with diameter 500 nm
e : photocathodes with ulira low | S70e81L 00 10 Ty e Sepeet
Inlch;SG ar?dltlona”y quOSt th1eo light collected fro?n the sample is the back
Detector Configuration: performance (Figure 10). \scattered light from the nanodisks. )
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Figure 5 (left). Operational diagram
of a Microchannel Plate (MCP).

Figure 6 (right): A photograph of the
22 mm Cross Strip (XS) anode.




