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i Introduction i
|
i ® Precise photon timing is critical in high-energy physics TOF detectors, where higher particle momenta demand finer |
i time resolution for accurate particle identification, and in TOF-PET imaging, where improved timing enhances image i
| quality and reduces patient radiation dose. These applications drives the development of timing systems toward !
| resolutions below 100 ps, with sub-50 ps performance emerging as a significant goal. i
|
. ®  Achieving picosecond timing relies on two key components: the MCP-PMT, providing single-photon sensitivity with a i
: typical transit time spread (TTS) of under 30 ps for single photoelectrons; and a TDC-based readout circuit, delivering |
i picosecond timing precision in a compact, integrated implementation. i
i ® We present the IPMT (intelligent PhotoMultiplier with TDC readout), a compact detector module integrating an MCP- !
: PMT with precision timing electronics and direct digital output. This design offers a small form factor, flexible system i
i Integration, and a target timing resolution below 50 ps. |
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' ® The MCP-PMT From NNVT | ® PCB With Customized ASIC | ® iPMT Integration i
i > Features a conical anode : » ASIC: 55 nm CMOS process, integrates a : » The PCB connects directly to the MCP-PMT via !
> Terminates with an SMA connector I preamplifier, a discriminator, and a TDC : SMA !
> Transit Time Spread ( early R&D sample) | > ASIC is wire-bonded directly onto the ;| > Analog signal path merely 20 mm !
| « Single-photon: 70.33 ps | IPMT PCB I » encapsulated within a 40 mm diameter housing !
| « Multi-photon: 12.43 ps I > Timing precision of 30.16 ps with an LSB 1 > "Photon in, Data out" !
| ' I > A single-photon timing resolution of 73.56 ps !
i : : after timewalk correction !
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| Measurement and Performance :
|
I I
| ®  Experimental Setup |
i » Picosecond laser (pulse width < 12 ps), triggered by Si5338 clock generator |
I » Laser output split into two optical fibers — two iIPMTs (iPMT1-2600 & iPMT1-2601) i
i > KC705 FPGA board for FPMROC configuration and data acquisition !
|
i ® Operating Conditions i
. » Reduced MCP-PMT high voltage — lower gain — output pulse amplitude < 10 mV - 1 i
I i \ 1 = . v =
. @ Timing Performance \. il i
. » TOA resolution: 35.08 ps (iPMT1-2600), 29.30 ps (iPMT1-2601) i
i » Coincidence time resolution (CTR): 45.76 ps :
I > Demonstrates sub-50 ps photon timing capability of the iPMT prototype e i
i Fig. 4. Test Setup :
|
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i Fig. 5. TOA Distribution of iPMT1-2600 Fig. 6. TOA Distribution of iPMT1-2601 Fig. 7. Coincidence Time Distribution :
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i Conclusion and outlook i
i Conclusion: We have developed the iPMT, a compact photon timing detector that achieves a coincidence time resolution of 45.76 ps i
i . .. . . . ol : ) . I
i under low-gain conditions, demonstrating sub-50 ps multi-photon timing capability. The detector implements a complete "photon in, !
1 _digital timing data out” concept within a 40 mm diameter housing. !
1 |
| |
i Outlook: A real gamma-ray beam test is currently in progress for further validation. Future work will focus on integrating an MCP-PMT |
| . . . . . . |
| with a transit time spread (TTS) of less than 30 ps and an onboard high-voltage booster converter, targeting sub-50 ps single-photon !
t timing in a fully self-contained, field-ready detector module. :
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