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New generation of Photo-Detectors   

G. Collazuol
G. De Rosa

A. Gola

Overview: trends and selected examples in  
- Vacuum based Photo-Detectors
- Gaseous PD's
- Solid State PD's

… as large overview as possible w/ few details
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Vacuum devices
External photoemission

Photo-Detectors family tree

 

Gas
External photoemission

secondary electron 
multiplication

Dynodes:
- discrete (PMT)
- continuous dynode 
(channeltron, MCP) 

Anode:
- multi-anode 
- strip lines RF

Solid state
Internal photoemission

 hybrid
photocathode +

- multiplication by 
 ionization in Si
 (HPD, HAPD, …)

or 
- multiplication by 
 luminescent anodes
 (light amplifiers:
 SMART/Quasar, 
 X-HPD, ...)

gas photoionization
(TMAE, TEA, …)

and/or

multiplication in gas
by avalanche  
(MWPC, GEM, ...)

- PIN-Photo-diode
- APD, GM-APD (SiPM)
- Imaging CMOS, CCD

- Quantum well detectors
- Supercond. Tunnel Junc.

- Organic materials 

100                    250                    400                    550                   700                    850         l [nm]

12.3                      4.9                        3.1                        2.24                    1.76                    1.45    E [eV]

VisibleUltra Violet 
(UV)

Multialkali
NaKCsSb

Bialkali
K2CsSb

GaAs

TEA

TMAE,
CsI

Infra Red
(IR)

Si 

(1100nm)
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New generation of 
                  Vacuum Photo-Detectors
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Vacuum Photo-detectors

Dissection 

1. Photo-cathode (PC)
    Efficiency, spectral response 
2. Acceleration and Multiplication 
    of photo-electron (Phe)
3. Signal pickup
    Multiplication elements / Anode 

Quite old device but still 
many reasons for using it 

- Large area 
- High gain /Wide dynamic range
- Low noise
- Fast timing (MCP)
- Low price per unit area
- Weak T dependence

Alternative to dynodes
- Micro-channel plates
- Avalanche diode (HPD)
- SiPM (VSiPMT)
...

Fast Timing 
applications
- not covered (here)

Most crucial element 
in any PMT type
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Photo-cathodes

G.Collazuol – Lectures on Photodetectors - IDPASC school Frontier Detectors 2013
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Photo-cathodes
Semitransparent (thin layer   ) 
on the entrance window
                  or 
Reflective / opaque on internal 
substrate (thick layer   )

(poly)-crystalline
semiconductor materials

Photo-cathode: most crucial element in any PMT type
 → relatively complex working principles 
 → complex construction  still → room for improvement !

   → since last 10 years revived interest 
     in R&D for new photo-cathodes 
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New generation of Photo-cathodes

Strong press for new high QE photo-cathodes 
from Astro-particle and large volume Neutrino experiments
Cherenkov light  sensitivity to → single photon 

Huge progresses for multi-alkali by 
Hamamatsu (Japan) and 
Electron Tubes Enterprises (UK) 

- QE towards 40% (*)
- CE better than 90% 
 → PDE x1.5 improvement

PMT candidates for CTA

(*) due to “better crystallinity”

R.Myrzoyan – Light Sensors for 
Astro-Particle physics – ICRR 2014 M.Suyama 

PhotoDet 2009 
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“Open-source” developments by the LAPPD collaboration

New generation of Photo-cathodes

H.Frisch (U.Chicago), O.Siegmund (U.C.Berkeley), R.Wagner (ANL) et.al + industry 
http://psec.uchicago.edu 

Opaque GaN 
ALD MCP 25mmTube

O.Siegmund – Challenges 
in photo-cathode deposition
for Large Area MCP Proximity 
Focus Devices – 
2nd Photo-cathode workshop – 
Chicago 2012

Reflectivity depends on angle of 
incidence and cathode thickness. 
Structuring of the photocathode can 
further reduce loss due to reflection.

Increasing the electron MFP will improve the QE. 
Phonon scattering cannot be removed, but a 
more perfect crystal can reduce defect and 
impurity scattering

J.Smedley – 
2nd Photo-cathode workshop – 
Chicago 2012
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1) Search for new photo-cathode (PC) materials
- bi- and multi-alkali revisited (eg. Li2CsSb)
- III-Nitrides (eg. GaN, AlxGa1-xN)
- II-VI (eg. ZnO, Zn1-xMgxO)

2) Anti-reflecting structures

LAPPD collaboration 
 → 1st and 2nd Photo-Cathode Workshops (2009 and 2012 ) U.Chicago 

                           Glass window

photon

Secondary electrons

TiO2TiO2

TiO2 pillar ( ~ 50-200 nm)

Absorber (Al or GaAs), d ~ 50 nm

Low work-function coating (CsO), d ~ 10 nm

Cross-section of pillar

TiO2
pillar

CsO photocathode

Al absorber CsO, d ~ 10 nm

Photon secondary 
electron

Absorber (Al or GaAs), d ~ 50 nm

primary 
electron

New generation of Photo-cathodes

3) Electron emission enhancement
- Piezo-electrically enhanced
               photo-cathodes (no Cs;in air)
- Electric field assisted emission
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Electron Multipliers  

discrete multiplication continuous multiplication 

...plus a number of variants...

box & gridvenetian blind

micro-channel plate (MCP)

linear focus

metal channel

PDE 
(CE)

Gain
stability

Timing B field
immun.

Pore length: 400mm

+alkali metals
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H.van der Graaf – The Tipsy soft photon detector - NDIP 2014

New generation of Charge Multipliers
Transmission dynodes revisited (new materials)

Tipsy

discrete multiplication
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H.van der Graaf – The Tipsy soft photon detector - NDIP 2014

New generation of Charge Multipliers
Transmission dynodes revisited (new materials)discrete multiplication
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continuous multiplication 

micro-channel plate (MCP)

Pore length: 400mm

+alkali metals

Main problem: Ion Feedback (IFB)
 

During the amplification process atoms of residual 
gas or desorbed travel back towards PC
 → secondary pulse 
 → ion bombardment damages the PC  reducing QE→
 → gain reduction

Electron Multipliers - MCP
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New generation of Charge Multipliers

T.Gys – NDIP 2014

Fast ageing due to IFB countermeasure (in addition to electron scrubbing):
1) make robust photo-cathodes (developed at BINP for FARICH)
2) investigate alternative MCP materials (borosilicate, Alumina, Silicon)
3) implement ion barrier films  Atomic Layer deposition (ALD)→

Three-step deposition process 
• Resistive layer 
• Secondary emission layer 
• Electrode layer 

Optimization of MCP resistance and SEE 
• Independently for each film 
• For a given gain, lower operating voltage 

Allow use of insulating materials other than Pb-glass 

Atomic Layer deposition (ALD)

MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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Latest developments also within the TORCH project (Time of internally Reflected 
CHerenkov light) for low-p PID future LHCb upgrade

New generation of Charge Multipliers
MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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O.Siegmund – Application of AL-Deposited MCP to imaging PD with High Time Resolution - NDIP 2014

New generation of Charge Multipliers
MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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O.Siegmund – Application of AL-Deposited MCP to imaging PD with High Time Resolution - NDIP 2014

New generation of Charge Multipliers
MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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S.Qian – PhotoDet 2015

New generation of Charge Multipliers

MCP-PMT R&D in China  JUNO experiment→

MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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S.Nakayama – Recent Progress in the developementof PMT's – PhotoDet 2015

Large area High Efficiency PMT's  → B&L dynodes and HAPD

New generation of Charge Multipliers
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B&L type multiplication performs better: 
1) Collection efficiency (wide first dynode)
2) Fast timing response (well defined e- path)
and have lower cost  (simpler structure)

New generation of Charge Multipliers



21

G
C
 G

D
R
 A

G
 -

 T
o
ri
n
o
 -

 I
FD

 2
0
1
5

… thread-off high Collection Efficiency (large area APD) vs low noise (small area)

New generation of Charge Multipliers
MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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Total Gain ~ 7 105

Single photon 
sensitivity

Dedicated APD layout for
- kinematic E threshold 
- protection against alkali
- HV insulation
- mitigate radiation effects

Note: improvement in timing resolution compared 
to same geometry PMT tubes (in particular 
for 8'' and 20'' devices  Y.Suda RICH2013)

Y.Yusa at EPS 2013threshold

 S.Korpar RICH2013

New generation of Charge Multipliers
MCP PMT – Hybrids w/ APD  multi-channel→

Development for
BELLE-II Aerogel RICH
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New generation of Charge Multipliers

One the few relevant Photo-detector developments pushed by LHC

Large Area HPD / small number of pixels Imaging / Megapixel devices

- Si-Anode + RO Chip   HPD /ISPA tube→
- APD  HAPD→
- SiPM  VSiPMT→
- Back thinned CCD  EBCCD→
- Back thinned CMOS  EBCMOS→

MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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New generation of Charge Multipliers

Vacuum Silicon Photo-Multiplier Tube
An innovative design for a modern hybrid photo-detector based on the combination 

of a Silicon PhotoMultiplier (SiPM) with a Vacuum PMT standard envelope

GC. Barbarino et al
INFN - Napoli

The classical dynode chain of a PMT is 
replaced with a SiPM, acting as an 

electron multiplying detector.

increase the SiPM surface with 
SiPM performnces

Photocathode

Focusing grid

Focusing ring

SiPM 

MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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New generation of Charge Multipliers

VSiPM – industrial prototype

- Excellent photon counting capabilities
- Photon Detection Efficiency: ≈23% @ 407nm
- High gain: 105 ÷ 106, HV-stable
- Good timing performances: TTS < 0.5ns
- Low power consumption: 5mW (amplifier stage)
- SPE resolution 17.8%
- Peak-to-valley ratio ≈65
- Efficiency is highly stable over 3200 V
- No need for high voltage stabilization

2013: Hamamatsu realized two industrial prototype, by arranging a no-windowed SiPM 
inside a commercial Hamamatsu HPD:  an outstanding proof of feasibility of the device. 

MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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New generation of Charge Multipliers

new VSiPM UV-Vis prototypes

1-3” Photo-Cathode VSiPMT devices 
are under construction by Naples group

in collaboration with

Bari/CNR (photocathode)
FBK (e-SiPM for electrons)

National Industries (envelope, dom, tube)

 “LEGO” prototype with 
CsI based photocathode and Hamamatsu e-SiPM 

 → tests ongoing at DAFNE UV source
results soon….. stay tuned! 

Naples project founded by INFN gr.5, ASI, STAR UNINA Federico II

MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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- High Pressure environment
- Operation in magnetic field
- Low Temperature
- Radio-purity
... 

Photo-detectors – specific applications   
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Large Area & High Pressure   

Km3Net experience:
Multi-PMT system with small PMTs (DOM)

Use small PMTs !
 → Photon counting
 → Small TTS 
 → Negligible effects due to magnetic fields
 → Almost uniform coverage
 → High granularity (impr. background rej.)
 → Directional sensitivity (impr. recon.)
 → Several manufacturers of small PMTs

Km3Net DOM

Photo-detectors and electronics 
arranged inside a pressure 
resistant vessel

T2K-Naples R&D for a new multi-PMT 
for TITUS and Hyper-K WCh detectors: 
● New acrylic vessel to reduce the dark rate 

(radio-impure in glass vessels)
● PMT Read-Out system
● Other PD considered: VSiPMT, SiPM matrices, … 
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New generation of 
                  Gaseous Photo-Detectors
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Gaseous Photo-detectors (UV)

A. Di Mauro– Status and perspectives of GPD – RICH 2013

Large Area UV sensitive PD with CsI photo-cathode and MWPC readout
 → successful RICH detectors (stable operation and honest performance)

Rate issues ! 
- slow  signal (ions)
- ion bombardment
- photon feedback
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New generation of GPDs  ThGEM→

• Neon based mixtures (  large gain at low HV) → CH4 or CF4 (  reduced ph.e backscattering)→
• Edrift and geometry  optimize ph.e transfer→
• rim  stable operation without sparks→

 → high gain (~105) high rate operation (100 Hz/cm2) ... IBF still an issue (  new structures)→
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New generation of GPDs  Hybrids→

R&D for COMPASS RICH-1 upgrade

A. Di Mauro– Status and perspectives of GPD – RICH 2013
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New generation of GPDs  Visible→

A. Di Mauro– Status  and perspectives of GPD – RICH 2013
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New generation of 
      Solid State Photo-Detectors (SSPD)

- PIN-Photo-diode
- APD
- SPAD
- GM-APD (SiPM)

- CMOS, sCMOS
- CCD, EMCCDSilicon 

Single / multichannel PDs

Imaging devices / Megapixel

Superconductive Single Photon Detectors

Organic semiconductors 

Compound semiconductors

Carbon nanotubes 
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SSPDs – APD – still largely in use

Low gain
 → Hybrid PM
 → fast timing applications

>120.000 APD's in CMS

Good performance
(with anomalies)
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SSPDs – APD – still largely in use

Low gain
 → Hybrid PM
 → fast timing applications

The CALET experiment
on the ISS station

APDs in Space based 
instrumentation
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• Cova, 
Lacaita, 
Zappa et al
since early 
90-ies
(Politecnico
Milano group)
Guerrieri, 
NDIP 2008

• Charbon, Rochas, Niclass, et al  
(EPFL Lousanne group)

Niclass,
PhD Thesis
EPFL (2008)

See also: • Staples et al• Jackson et al

• Kindt et al

 
• quenching 
• reset
• read-out

SPAD Arrays with electronics “integrated”
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Digital vs Analog SiPM

- for each light pulse  output is: →
  time-stamp and number of photons
- control of individual cells
- O(500ns) RO dead time (upon trigger)

T.Frach - Heraeus Seminar 2013

d-SiPM:
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Trends and optimal operation 
of Analog SiPMs:

   - tiny cells
   - low Temperature
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Tiny cell  better performances→

SiPMs NDL (Bejiing)

• type: n-on-p, Bulk Rq
• high cell density (10000/mm2)
• fast recovery (5ns)
• low gain
• better
 timing

Zhang et al NIM A621 (2010) 116
Han at NDIP 2011

 → dynamic 
range

 → less after-pulsing
 → less cross-talk
 →mitigate effects of radiation damages

Measurements by Y.Musienko

tiny cell MPPC (2012) by Hamamatsu

Many small cell SiPM types available
 → Fill Factor improving (> 50%)

• tiny cells (  10-15→ mm)
   → HPK, FBK-Advansid, NDL, MPI-LL, … 

• micro cells (  → mm)
 → Zecotek, AmpliticationTechn.

Trends in analog SiPM – tiny cells
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Trends in analog SiPM – tiny cells
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Trends in analog SiPM – tiny cells

UHD technology
SEM images
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Trends in analog SiPM – tiny cells

UHD technology
SEM images
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Trends in analog SiPM – tiny cells
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Applications of tiny cells
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Trends in analog SiPM – low T
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Trends in analog SiPM – low T
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Trends in analog SiPM – low T

Signal shape

After-pulsing

PDE variation with T
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Trends in analog SiPM – low T
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GM-SSPD 
      w/ compound semiconductors  
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New generation of SSPDs – Compound 
Harmond - 
NDIP 2014
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New generation of SSPDs – Compound 

Harmond - NDIP 2014
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Organic Semiconductors  
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SSPDs – Organic Semiconductors
Two types HOMO/LUMO levels

• Conjugation 
 (alternating single/double bonds) 
  → electron delocalization

- s bonds  linking molecules →
- p bonds  electronic properties→

• Charge Transfer:
- small molecules: hopping
- polymers: delocalisation 
  along HOMO/LUMO bands

Band gap samples

Lowest UnoccupiedHighest Occuped

Molecular Orbital
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SSPDs – Organic Semiconductors

Carrier mobilities in organic thin films

Bonnassieux - NDIP 2011
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SSPDs – Organic Semiconductors

Photo-Detector operating principles

Organic PD 
on plastic 

Organic PD 
on glass
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SSPDs – Organic Semiconductors

Photo-Detector operating principles

Organic PD 
on plastic 

Organic PD 
on glass
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New generation of SSPDs - OPD

CEA and ISORG (www.isorg.fr) 
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New generation of SSPDs - OPD

CEA and ISORG (www.isorg.fr) 
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SSPDs – Organic Semiconductors

(  need passivation)→
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CNT-Si PIN photodiode

Coating

Great 
uniformity 
over large 

area 

FBK silicon  
substrate

A significant resonant 
tunneling effect below 
the 2.4V  junction threshold 
has been observed in a 
large area carbon 
nanotube - silicon (CNT-Si) 
heterojunction obtained 
by growing a continuous 
multiwall carbon nanotubes 
layer on an n-doped silicon 
substrate insulated w/ Si3N4

The junction presents 
rectifying properties 
with a 2.4 V threshold to 
the flow of reverse 
current, a strong 
photosensitivity to 
light radiation with a 
wavelength between 378 
and 980 nm, a very 
broad plateau extended 
over a large range of 
drain voltage and good 
photoresponsivity 
linearity versus light 
intensity. 

SSPDs – CNT-Si heterojunction
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New generation of SSPDs - Si-CNT

Ø New SiPM structure for high temperature tolerance
Ø The CNT grown directly on the device surface
Ø Sensitive surface for every pixel (MWCNT-Si hetero-junction)
Ø Graphene vs CNT

CNT-SiPM

Tinti A. et al. NIM 2011, A629.
Ambrosio, A.; Aramo, C et al:. JINST 2012, 7, P08013. 
Aramo C. et al: Beilstein J. Nanotech. 2015, 6, 704–710.

Signals generated by pulsed light

CNT CNT

Au-Pt 
electrode

Future 
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Superconducting 
               Single Photon Detectors  
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New generation of SSPDs – “SSPD”
Superconducting Nanowire Single Photon Detectors

Evolution in time of the normal region (in red) 
generated  by a photon absorption in a current 
biased super-conduting nano-wire

Black arrows indicate the current

 

When the entire cross section is normal the 
nano-wire temporarily switch to resistive state

Cryostat

CCD

Sample

Experimental set-up

G.P.Pepe et al – SPIN-CNR Napoli
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New generation of SSPDs – SNSPD

G.P.Pepe et al – SPIN-CNR Napoli

Super(5K) The wide energy range 
covered by superconductors 

! normalized to peak sensitivity

Efficiency
@ 1550 nm

Jitter
(ps)

Dark 
counts

Max count 
rate

Operation 
temperature

WSi: 90%
NbN: 57%

150
30

1 kHz
10 kHz

200 MHz
1 GHz

≤ 3 K
≤ 5 K

SNSPDs working principle: exploit the fast and temporary phase transition 
from the superconducting to the normal state produced by any type of 
radiation (photons, ions, neutral particles, electrons….) 

SNSPD features:

- free-running (no gate)
- few ns dead-time
- no after-pulsing
- photon counting 
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New generation of SSPDs – SNSPD

G.P.Pepe et al – SPIN-CNR Napoli
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New generation of SSPDs – SNSPD

G.P.Pepe et al – Nature Photonics 2013 

- System detection efficiency (>90%), 
- Low dark count rate (<1 c.p.s.), 
- Low timing jitter (<100 ps) 
- Short reset time (<100 ns)

Best results for WSi SNSPD sample
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Conclusions

Solid state PDs, lively field, trends in many directions 
 → Silicon continuous improvements (ruthless)
 → Compound Semicond. no show-stopper but cost 
 → Organic Semicond. not easy bet as it may seem

Vacuum PDs are not dead at all 
 → new photo-cathodes 
 →more and more hybrids

Gaseous PD focused on RICH
 → still promising (single UV photon over large area)
 → hybrids and new structures
 → Visible light more critical than UV 
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Additional material
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Photo-detection  and Main Parameters

• Photo Conversion

• Primary Charge carrier 
Collection and Transport  

• Charge Multiplication

• Primary/Secondary 
Charge Collection

• Photo-detection efficiency (PDE)
• Sensitivity spectrum
- Active area / Fill factor
- QE (internal/external)
- primary carrier transport eff. 
- multiplication efficiency

• Signal resolution
- gain  amplitude fluctuations→
  (single photon sensitivity)
- timing fluctuations
- spatial resolution 

• Rate capability
- dead time, double pulse resolution
- gain  photon/ion feedback→
- gain  space charge effects→
- gain  sparks→

• Noise
- intrinsic: dark charge generation 
- multiplication noise 
- correlated: after-pulsing, cross talk 
- external: electronics ENC  

• Ageing
- Photo-cathode 
degradation
- rad. tolerance

• Environmental
- Operation in B field
- Operation in vacuum
- Low Temperature

Emission in vacuum:  
      → low detection efficiency    
      → low dark count rate

Internal charge multiplication:
     → better Signal/Noise ratio 

     → intrinsic fluctuations 
       in amplitude and timing

multi-step process
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Photo-extraction
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Photo-extraction - organics
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“internal” photo-emission

Photo-detection steps

1. Photo-electric conversion with 
or without emission in vacuum

2. Internal charge multiplication
 
Charge multiplication within the device implies 
 → better Signal/Noise ratio (wrt external amplification)
 → intrinsic fluctuations in amplitude and timing

  (depending on the multiplication mechanism)

e-

g
Detector window

Photo-Cathode

Vacuum

“external” 
photo-emission

Emission in vacuum implies
 → low detection efficiency 

 → low dark count rate

...source of differences between
vacuum and solid state devices
including multiplication mechanisms...
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Tipsy
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O.Siegmund – Application of AL-Deposited MCP to imaging PD with High Time Resolutoin - NDIP 2014

New generation of Charge Multipliers
MCP PMT – Hybrids w/ APD – w/ SiPM (Vacuum-SiPM)
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Large Area Photo-Detectors  H-APD→

Developements (Hamamatsu) for various Cherenkov based detectors
 → Belle II ARICH (baseline)
 → Hyper-Kamiokande (option)

moderate “Bombardment” gain + low avalanche gain

S.Nishida at RICH 2013

S.Hirota at RICH 2013
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New generation of Charge Multipliers
MCP PMT – Hybrids  Megapixels→
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New generation of GPDs  Hybrids→

A. Di Mauro– Status and perspectives of GPD – RICH 2013
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One the few relevant Photo-detector developments pushed by LHC
HMPID RICH

Gaseous Photo-detectors (UV)
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UDH SiPM FBK
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Dark current vs T

1) Generation/Recombination 
SRH noise (enhanced by
trap assisted tunneling) 

Tunneling noise dominating for T<200K 
(sharp high E field region  higher noise)→

Ireverse~T1.5exp
−Eact

KBT

2) Band-to-band Tunneling 
noise (strong dependence on 
the Electric field profile)

Conventional
SRH

trap 
assisted
tunneling

 

Noise mainly comes from the high E Field 
region (no whole depletion region)

x1
0
0
0

x1
0

FBK devices

constant DV positive T 
coefficient

negative T 
coefficient

x10 x1000

E field engineering is 
crucial for min. DCR 

• Two sources (SHR-TAT, BBT)
• Affecting mainly the high field region
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Vmax

Cd = 10fF
Cq = Cd

Cg = 10pF
Rq= 400kW
Rload= 50W

Single cell model  (R→ d||Cd)+(Rq||Cq)
SiPM + load  (||Z→ cell)||Cgrid + Zload

Signal = slow pulse (d (rise),slow (fall)) + 
+ fast pulse (d (rise),fast (fall))

•d (rise)~Rd(Cq+Cd) [intrinsic]

•fast (fall) = Rload  Ctot      (fast; parasitic spike)

•slow (fall) = Rq (Cq+Cd)  (slow; cell recovery)

fast
slow

R
d

• Rise: Exponential
• Fall: Sum of 2 exponentials: transient + recovery

Sp.Charge Rd x Cd,q filtered by parasitic 
inductance, stray C, ...  (Low Pass)  O(R→ load Ctot)

Cq  fast current supply path in the beginning of avalanche→

for Rload << Rq

where Q = DV (Cq+Cd) is the total charge released by the cell 

V (t )≃
Q

Cq+C d

(
C q

C tot
e

−t
τFAST +

Rload
Rq

C d

Cq+C d

e
−t

τSLOW )

 → 'prompt' charge on Ctot is Qfast = Q  Cq/(Cq+Cd)

Gain still well      
            defined:

G = ∫ dt
V (t)
qe R load

= Q /qe =
ΔV (Cd+Cq)

qe

F.Corsi, et al. NIM A572 (2007) 416

S.Seifert et al. IEEE TNS 56 (2009) 3726 

Pulse shape

Optimizing signal shape for timing
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• fast  = Rload  Ctot    

• slow = Rq (Cq+Cd)

Pulse shape parameters

Vmax

Cd = 10fF
Cq = Cd

Cg = 10pF
Rq= 400kW
Rq= 50W

Q slow

Q fast

∼
C d

Cq
 → charge ratio

 → peak height ratio
V slow
max

V fast
max

∼
C dC tot R load
Cq
2 Rq

increasing with Cd and 1/Rq 

V (t ) ≃
Q

C q+C d

(
C q

C tot
e

−t
τ fast +

Rload
Rq

C d

C q+Cd
e

−t
τslow ) =

Q Rload
C q+C d

(
Cq
τ fast

e
−t
τ fast +

C d
τ slow

e
−t
τslow )

 → gain G = ∫ dt
V (t )
qe R load

= Q /qe =
ΔV (Cd+Cq)

qe

V max ∼ Rload (
Q fast

τ fast
+
Q slow

τslow
) → peak voltage on Rload

Note: valid for 
low impedance load

Rload << Rq

dependent on Rq

(increasing with 1/Rq)

independent
of Rq

Increasing Cq/Cd or/and Rq/Rload 
 → spike enhancement  better timing→
 → slow recovery tail suppressed

    → reduced baseline fluctuations 
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SSPDs – Organic Semiconductors
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Timing (single photon) vs Area

LAPPD
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Market price

K.Arisaka – Lecture at IEEE NSS 2012 (Anaheim) 
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