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Scope

ÅVacuum tube devices
ÅImaging and timing with MCP detectors

ÅMCP-based Imaging photomultipliers

ÅHybrid MCP-based devices

ÅSolid state devices
ÅSilicon photomultiplier arrays ςCTA SST camera

ÅDigital SiPMs 

ÅLarge format SPAD Arrays

ÅNOT A COMPREHENSIVE LIST
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Imaging and Timing with MCPs

ÅMonolithic array of miniature electron 
multipliers

ÅIntrinsic imaging capability ςwith 
suitable readout

ÅLarge formats available

ÅMiniaturization Ą improved timing cf. 
conventional PMTs 
ÅSPTR ~30 ps rms

ÅBut:
ÅBroad pulse height distribution
ÅLimited lifetime/charge extraction
ÅVacuum tube requirement
ÅPhotocathode limitations
ÅHigh voltage
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Lehmann, NIMA 952 (2020) 161821

Minot, NIMA 936 (2019) 527ς531

MCP schematic

Photocathode lifetime

LAPPD 195 mm × 195 mm

Time resolution



MCP-based Imaging photomultipliers

Direct electronic readouts

ÅGlobal charge division
ÅResistive anode, 
ÅWedge and strip, Vernier anode
ÅDelay line

ÅFeatures:
ÅLow electronics channel count ς

originally great advantage
ÅFlexible format, custom manufacture
ÅBut serial event processing ςlimits 

count rate (especially as electronics 
improve)
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GALEX double delay line DDL detector



MCP-based Imaging photomultipliers

Direct electronic readouts

ÅCrossed Delay Line
ÅWide-field TCSPC FLIM

ÅSingle photon x,y,tĄ
fluorescence decay time
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Hirvonen, RSI 87, 093710 (2016)



MCP-based Imaging photomultipliers

Direct electronic readouts

ÅVernier Anode
ÅUV Astronomy - Spectroscopy

ÅCyclically varying electrodes

ÅUtilise a Vernier position encoding 
technique

ÅSpatial resolution greater than 
charge measurement accuracy

ÅFlight heritage
ÅLeicester/MSSL J-PEX sounding 

rocket EUV spectrometer
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MNRAS 362(4), pp. 1273-1278 

Close-up of the nine-electrode pattern MCP pore limited image resolution



MCP-based Imaging photomultipliers

Direct electronic readouts

ÅCapacitive division readout (C-DiR)
ÅCapacitively coupled electrode array

ÅSignal collected at 4 corner nodes

ÅLow capacitance array ςhigh speed

ÅCan exploit full MCP timing potential

ÅSpatial resolution greater than charge 
measurement accuracy

ÅFlight heritage
ÅLeicester/MSSL J-PEX sounding rocket 

EUV spectrometer
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Schematic of a C-DiR-based MCP intensifier 

Schematic of the C-DiRreadout
3 x 3 1 mm pitch pinhole mask imaged 
using ToTwith NINO + HPTDC electronics

Conneely, Proc. SPIE (2013), 8859, 88590W


