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Operation Principle of HPD
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Operation Principle
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HPD features

 Large gain at the first electron multiplication

—>Good single photon energy resolution and detection
efficiency

e No dynodes

-2 Good time resolution

— Cost reduction and better quality control
* Low gain

—>Need low-noise readout system



Major difficulties have been overcome.

» Large avalanche diodes.

* Activation of photocathode with AD inside.
* Sustaining HV (up to 20 KV)

* Low noise electronics

* Waveform sampling




Front- vs Back-i1lluminated AD
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Back-i1lluminated AD has advantages

Back-illuminated AD
(5mm-diameter)

EB-Gain: 4500 at-20kV
AD-Gain: 50 at 390V
No increase in dark current after

\ _ | 1000h operation at 4mA.

/) ""-; Front-illuminated AD shows gain

Si substrate to
extract a front-side

electrode

 drop and increase of dark
current, even with the blocking
electrode.

A sign of radiation damage.




HPD readout system

Readout system AD
conversion
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Front-end

Gain=1V/pC

Pulse shape at frontend ASIC
Preamplifier (ASIC)
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Analog Memory Cell operation

- Fast sampling (<1ns) and slow readout
Input singal m FW A
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AMC characteristics

Sampling 1Gsps
speed

Analog >100MHz
band width (~500MHz design)
Power ~70mW/ch
Dynamic ~2V/0.7mV
range (11bit)
Sampling 512-1024
depth

Integral 0.1% over
non-linearity | 2V range
Noise <1mV
Pedestal ~2mV
variation

Readout 30 MHz
clock
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Digital part (DSP+SiTCP)

* Real-time signal
processing

* Digital signal processing
(matched optimal filter
in FPGA)

* High speed data
transfer with SiTCP
(¥1Gbps on Ethernet)

Extraction of
(Q,T) info.

AT ERIRY

Pulse shape after DSP
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Prototype of readout system

Signals from HPD

¥

AMC is a key device in the system.
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Energy distribution
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Energy resolution

13inch HPD vs. 13inch PMT

Spot PLP illumination

Pulse Height distribution HPD vs. PMT @1PE
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Time resolution (TTS)
(13inch HPD vs. 13inch PMT)

SpOt PLP illumination | Time resolution HPD vs. PMT @1PE
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Timing resolution @ 1P.E.
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Gain uniformity
for photons<5

rfcm] vs. Gain ratio %2 | ndf 22.66/5

po 99.65 + 0.3473
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P.E. collection efficiency

Outer Diameter: 13-inches
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HPD has 30%

better than PMT
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HPD vs PMT

nenveo [ 30 AT | oo v
neomion | 190ps | 1400ps | 2300ps
mowuton | 24% | 70% | 150%
Quantum efficiency 20% 20% 20%
Collection efficiency 97% 70% 70%
Power consumption <<700mW | ~700mW | ~700mW
Gain 105 107 107




Digital HPD

Compact detector with Network + Power supply

—

Data transfer via Network

¢mm) @m

Readout electronics (DSP)

_u Power in (12V)
'_ + bias power supply)
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New

7
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Size (~500 x 500x 100 mm) Size (150 x 92 x 30 mm)

HPD’s small power consumption allows a small HV supply.
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Marketing Schedule
(tentative/conservative)

* HPK plans to supply large aperture

(13- and 8-inch) HPDs by spring 2012.
— Option 1: HPD + preamplifier + HV system
— Option 2: all of the above plus Digital board

* Price : careful optimization required.
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Collection efficiency vs. magnetic field
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