
SiPM Research in Germany
Status and Future Perspectives

Hans-Christian Schultz-Coulon

4th Detector Workshop of the Helmholtz Alliance
Wednesday, March 16th, 2011
DESY, Hamburg



Ongoing Activities

Aachen

DESY

Dortmund
Gießen
Heidelberg
Munich
Wuppertal

CMS, T2K, Medical Application,
Fiber-Tracker [for PEBS]

CMS, CALICE, 
Medical Application [PET]

Fiber-Tracker
Panda, ATLAS [Cherenkov, AFP]

CALICE, Medical Application [PET]

CALICE, SiPM Coupling, SiPM Design
CALICE

Collaborations: CMS: Aachen, DESY
CALICE: DESY, Heidelberg, Munich, Wuppertal
Medical Application: DESY, Heidelberg
Fiber Tracker: Aachen, Dortmund
...



Large Scale Application of SiPMs
Calorimetry in High Energy Physics

Analog HCAL: 1 m3 Prototype
Steel/Scintillator sampling structure

approx. 8000 Channels 
Light detection with SiPMs

Calibration/Monitoring 
using MIPs and integrated LED system

Stable test beam operation since 2006

CALICE
DESY, Heidelberg

Munich, Wuppertal
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Figure 10. Linearity of the AHCAL response to positrons in the range 10–50GeV. The blue dotted line
shows the exact linearity. Black dots correspond to data corrected for SiPM non-linear response, blue trian-
gles show the data before this correction, and the open red triangles show the simulation. The green band
indicates the systematic uncertainty as quoted in Table 1, !totE [GeV].

tribution to the uncertainty from the SiPM gain variation, "GainE , and from the saturation point
determination, " satE are listed. The uncertainty on the MIP scale, "MIPE , cancels in the ratio since the
same calibration constants are used in data and Monte Carlo. In Figure 11 (left), the residuals from
the linear function suggests a non-zero offset at zero energy. This negative offset is the combined
effect of the 0.5 MIP threshold (loss of energy) and the detector noise (addition of energy). Instead
of the more conventional linear function, the function Emean = a ·Ebeam+ b can be used to fit the

Data MC
Ebeam Ereco "MIPE [%] "GainE [%] " satE [%] !totE [GeV] Ereco !totE [GeV]
10 9.9 2.0 0.3 0.4 0.2 9.9 0.2
15 15.0 2.0 0.5 0.8 0.3 15.0 0.3
20 20.1 2.0 0.7 1.2 0.5 20.2 0.5
30 29.9 2.0 1.1 1.8 0.9 30.4 0.9
40 39.3 2.0 1.2 2.3 1.3 40.8 1.3
50 48.3 2.0 1.4 2.6 1.7 51.0 1.8

Table 1. AHCAL energy reconstructed in data and MC (in units of GeV) for various positron beam energies.
The table reports the values plotted in Figure 10. The systematic uncertainties for data are detailed in their
percentage values. The total absolute error !totE is the sum in quadrature of the uncertainties on the MIP, on
the SiPM gain and on the saturation point determination.
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Figure 13. Energy resolution of the AHCAL for positrons (black circles). The resolution agrees with that
of a previous prototype (black triangles) with the same sampling structure. The errors are the quadratic sum
of statistics and systematic uncertainties.

Data MC
Ebeam [GeV] !E/E [%] Uncertainty [%] !E/E [%] Uncertainty [%]
10 7.11 0.47 6.90 0.49
15 5.83 0.36 5.45 0.38
20 4.95 0.32 4.90 0.34
30 3.97 0.29 4.00 0.31
40 3.54 0.26 3.51 0.27
50 3.41 0.25 3.07 0.26

Table 2. AHCAL energy resolution in data and MC for various positron beam energies. The table reports
the values plotted in Figure 13. The listed uncertainties include statistical uncertainties and systematic
uncertainties added in quadrature.

a matter depth t can be described as [23]

f (t) =
dE
dt

= at# · e−bt , (4.3)

where the parameter a is an overall normalization, and the parameters # and b are energy and
material-dependent. The first term represents the fast shower rise, in which particle multiplication is
ongoing, and the second term parametrizes the exponential shower decay. Given this parametriza-
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HCAL Energy Resolution [Positrons]
[CALICE Coll., arXiv:1012.4343]

Linearity of HCAL Response
[CALICE Coll., arXiv:1012.4343]
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Large Scale Application of SiPMs
Calorimetry in High Energy Physics

Tungsten HCAL [for CLIC, √s ≈ 3 TeV]


 Active AHCAL layers with SiPM readout 
	 30 plates of 1 cm thick tungsten as absorber 

WHCAL

Muons

Test Beam @ CERN

Muon events recorded!

IWLC - October 21, 2010! Erik van der Kraaij, CERN LCD! 11!

In 14 runs collected ~2 million events:!

calib. & physics!
physics events!

events having a !
track with at least!
8 hits in a row!
                   (~60%)!

Not all muons come in perpendicular!
•  Will need to take angle into account in 

calibrations!

Recorded
muon event

T3B 
Tungsten Timing Test Beam

Goal: 
Measure time structure of 
signals within hadronic showers

Small number of scintillator cells 
read out with high time resolution
via directly coupled blue sensitive SiPMs
[layer at 3λ to avoid large signals]
[use of fast USB Oscilloscope]

Time resolution: 800 ps 

CALICE
DESY, Heidelberg

Munich, Wuppertal

[16 channels]



Large Scale Application of SiPMs
Calorimetry in High Energy Physics
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Fig. 1. Two pixel formats were su$cient to handle all variations

of "ber bundle diameters while e$ciently
utilizing the photo-

cathode area. There is a
40 !m

gap
between

pixels. The two

versions
map

onto
each

other, such
that the

same
pin-out

structure (standard 0.1! pitch PGS socket) and ceramic vacuum

feedthru (Kyocera Corp.) can be used for both.

Fig. 2. Improvement in
pulse shape of HPD

(no
preamp, 2 ns

laser pulse) for thinner depletion region.

W
ith

a
3.3 mm

gap
and

a
standard

"ber optic

window, the tube can withstand voltages to 12 kV,

corresponding
to

a
gain

of approximately
3000,

depending on the threshold voltage which has var-

ied
from

diode
batch

to
diode

batch
(normally

800}1200 V). Higher gains would require a thicker

"ber optic window
and hence lower e!ective quan-

tum
e$ciency. Trading QE

for higher gain
is not

a good optimization path given the good quality of

low-noise preampli"ers.

2. Silicon optimization

The silicon photodiodes! are T-type PIN
diodes.

Thus the shape of the output pulse is trapezoidal

with a sharp rising edge from
electron collection at

the
front

surface, followed
by

a
plateau

whose

shape re#ects the internal electric "eld
and

whose

width
depends on

the drift time of the holes. The

width
of the output pulse can

thus be shortened

by
either a

higher bias voltage or thinner silicon

(Fig. 2). In
response to

pileup
concerns in

CM
S,

Canberra
produced

thinner
silicon, with

a
de-

pletion
depth

of 200 !m
rather than

the standard

!Canberra Packard Benelux NV-SA, Olen Factory, Belgium.

300 !m
thickness. This was accomplishedwithout a

reduction in yield (Fig. 3).

3. Quality assurance and alignment

In
order

to
process

600
tubes

at
a

rate
of

5 tubes/week, we have developed
a

set of quality

assurance stations which run in parallel. Tubes "rst

pass through the DC
station where leakage current,

gain
curves, and

surface scans are performed
[3].

The tubes then pass to the AC
station where ADC

spectra of every channel are stored
(Fig. 4). Some

tubes are kept in
the lifetime monitoring

station

as
a

longterm
measure

of their
stability

under

operation.

290

P. Cushman et al. / Nuclear Instruments and Methods in Physics Research A
442 (2000) 289}294

HPD 
sensitive area

Peltier
cooling

Replace 
with SiPMs 

2012: HO
2015: Barrel + Endcap

Large Scale Application of SiPMs
Calorimetry in High Energy Physics

Outer Hadron Calorimeter


 Measures leakage for high energy particles


 Presently: Scintillation light collected 

 and guided to hybrid photo detector (HPD)

whereas the shorter trays, the sizes of which are constrained because of the chimney (trays 4 and 5 in sector 4 of
ring and trays 3, 4, 5 and 6 in sector 3 of ring ), are 2119 mm long. The shorter trays are constructed without
the tile corresponding to tower number . Because of the constraints imposed by the gap between the two rings,
a part of tower # , which falls in ring (tower is restricted only to ring 0) is merged with tower # .

3.2 Tiles
Scintillator tiles are made from Bicron BC408 scintillator plates of thickness mm. Figure 9 shows a typical
HO scintillator tile. The WLS fibres are held inside the tile in grooves with a key hole cross section. Each groove
has a circular part (of diameter 1.35 mm) inside the scintillator and a neck of 0.86 mm width. The grooves are 2.05
mm deep. Each tile has 4 identical -shaped grooves, one groove in each quadrant of the tile. The grooves closely
follow the quadrant boundary. The corners of the grooves are rounded to prevent damage to the fibre at the bend
and to ease fibre insertion. The groove design is slightly different for the tile where the optical connector is placed
at the end of the tray. Since the tiles are large, 4 grooves ensure good light collection and less attenuation of light.

Figure 9: View of a typical tile of HO with WLS fibres inserted in the 4 -grooves of the tile

Machining of individual tiles is done in the following steps: (a) the plates are cut according to the size of the
respective tile keeping 3 mm extra on each side; (b) the edges are trimmed to the exact dimension of the tile using
a conventional milling machine; (c) grooves and screw holes are made with a CNC (Computer Numerical Control)
machine; (d) grooves are done in two steps first a ‘straight cutter’ making the 0.86 mm wide ‘neck’ and then
a ‘ball cutter’ making the inner circular part of the groove. The HO has 95 different tile dimensions, 75 for layer 1
and 20 for layer 0 and total number of tiles is 2730 (2154 for layer 1 and 576 for layer 0).

3.3 Trays
All tiles in each slice of a sector are grouped together in the form of a tray. Figure 10 shows a schematic view
of a HO tray. Each tray contains 5 tiles in rings 2; 6 tiles in rings 1 and 8 tiles in ring 0. The edges of the
tiles are painted with Bicron reflecting white paint for better light collection as well as isolating the individual tiles
of a tray. Further isolation of tiles is achieved by inserting a piece of black tedlar strip in between the adjacent
tiles. The tiles in a tray are covered with a single big piece of white, reflective tyvek paper. Then they are covered
with black tedlar paper to prevent leakage. This package is placed between two black plastic plates for mechanical
stability and ease of handling. The top plastic cover is 2 mm thick and the bottom one is 1 mm thick. Figure 11
shows a cross section of a tray to illustrate the different components. The plastic covers (top and bottom) have
holes matching with the holes in the tiles. Specially designed countersunk screws passing through these holes fix
the plastic covers firmly on the tiles.

The 2 mm plastic sheet on the top has 1.6 mm deep channels grooved on it (on the outer side) to route the fibres
from individual tiles to an optical connector placed in a groove at the edge of the tray. A 1.5 mm wide straight
groove runs along the edge of the top cover to accommodate a stainless steel tube. This is used for the passage of a
radio active source for calibrating the modules. Each connector has two holes and they are fixed to the scintillator-
plastic assembly through matching holes in them. Each sector in each ring has 6 trays. There are 360 trays for
layer 1 and 72 trays for layer 0.

3.4 Pigtails
The light collected by the WLS fibres inserted in the tiles needs to be transported to photo detectors located far
away on the muon rings. Captive ends of the WLS fibres, which reside inside the groove, are polished, aluminised

7

HO scintillator tile 
with WS fibre

CMS
Aachen, DESY

Side view of 
CMS calorimeter 1/4

[3x3 mm2; 400 pixel/mm2]



Large Scale Application of SiPMs
Muon Track Fast Tag (MTT) for CMS

CMS
Aachen, DESY
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Muon Trigger: Combine signals 
from MTT and Tracker Layer (TkL)

MB1 area
10 tiles; 25 x 25 cm2 each
Readout with SiPMs

MTT Sector

4 
×

 2
5 

cm

Scintillating Tile Option:

Muon tag signals
send to (Track) Trigger

Aachen: 
Study SiPM readout options
[Collaboration with CMS HO work]

Muon

Research work:
Simulation of light transport
and SiPM coupling ...

[direct + indirect] Tile
Simulation studies also in ...
Aachen, DESY, Heidelberg, Munich ...



Large Scale Application of SiPMs
A Fiber Tracker for Cosmic Ray Physics

PEBS
Aachen, Dortmund

Figure 20: Detailed view of the mounting of a hybrid carrying a silicon photomultiplier array
between the end of a fiber ribbon and an aluminum carrier piece. Two mirrors are visible
next to two SiPM arrays.

mainly of pions and protons and had a defined momentum of p = 12GeV/c.
The main goals were the determination of the spatial resolution and of the light

yield of the modules.

The testbeam setup (figs. 18, 19, and 20) consisted of two trigger scintillator

counters of dimension 20 × 10 × 1 cm3, two double-sided silicon-strip detectors

built for the AMS-02 tracker [23] and the five fiber module prototypes that

were arranged in four layers (cf. fig. 18). To enable comparison studies, four

of the five fiber modules were made of Kuraray SCSF-78MJ fibers while the

remaining one was made of SCSF-81MJ fibers. The SCSF-78MJ fibers became

available just in time for the testbeam. In addition, for three optical hybrids

(12 SiPM arrays), optical grease of type NyoGel OCK-451 or OC-459 [24] was

applied to the fiber-SiPM interface. As the beam spot size (rms width) was only

about 8mm in each direction, not all SiPM arrays were illuminated and could

be included in the study.

The silicon-strip detectors were used as a beam telescope, allowing a refer-

ence measurement of the trajectory of a beam particle which is vital for the

determination of the spatial resolution. Under ideal conditions, the beam tele-

scope ladders themselves each provide a spatial resolution of approximately

10µm and 30µm in the coordinates perpendicular and parallel to the fiber axis,

respectively [25]. The corresponding readout pitch is 110µm and 208µm for

the strips parallel and perpendicular to the fibers, respectively. The trigger

scintillators were connected to ordinary PMTs. For the readout of the SiPM

arrays, two different preliminary electrical hybrid boards were available, one

based on the IDEAS VA 32/75 readout chip [15] and the other based on the

19

High resolution fibre tracker 
[Beischer et al., arXiv:1011.0226v1]

Scintillating fibers with ∅ = 0.25 mm
read out by special linear SiPM arrays

Prototype test beam measurements 
yield: 50 μm spacial resolution ...

[Dortmund: Irradiation Tests]

Figure 4: Microscope picture of a Hamamatsu MPPC 5883 SiPM array containing 32 individ-

ual SiPMs with a pitch of 0.25mm. The active area of each SiPM measures 1.1mm in height.

The individual SiPMs are bonded towards alternating sides. Each SiPM contains 80 pixels

that are organized in 20 rows and four columns.

2.3. Optical hybrid and data acquisition

The fiber modules are read out by SiPM arrays of type Hamamatsu MPPC

5883 (fig. 4). Each array consists of 32 independent SiPMs (called channels in

the following) and is mounted to a ceramic and protected by an epoxy layer

above the sensitive area of the semiconductor. The detector signals are read out

by bonding wires that are fed through to the backside of the ceramic. Section 4

deals with a detailed performance study of the SiPM arrays.

Four arrays are positioned on an optical hybrid (fig. 5) in the following way:

The detectors are glued to a printed circuit board in a mechanical device for

placing the detectors with an accuracy of 10µm. The device is a flat surface

equipped with four groups of two neighboring positioning pins for placing the

SiPM arrays in the geometry defined by the tracker module. The SiPM arrays

are pinned up in their precision holes face down. A shadow mask with holes

at the position of the contacts is put inside the device to brush a conductive

glue of type Elecolit 323 into the holes and thus on the contacts. After the

mask has been removed, the PCB is pressed on the contacts with a defined

pressure. After this procedure, mirrors are placed inside the gap between the

SiPM arrays to increase the light yield at the opposite side of a fiber module.

Two completed hybrids are screwed to the sides of a fiber module. The hybrid is

read out by a specially developed front-end electronics board based on VA 32/75

chips produced by IDEAS, Norway [15]. VA 32/75 chips are charge sensitive

preamplifiers with a sample and hold stage. They have 32 channels each with

a shaping time of 75 ns and a linear range of 36 fC [15]. Due to the gain of
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Figure 2: Distribution of the deviation of the fiber centers from a uniform lattice with a pitch
of 0.275mm, shown here for the fibers included in the picture of fig. 3. The black line is a
Gaussian fit to the data, plotted here for illustrative purposes.

by a glass plate. After the glue has fully cured, the setup with the fiber ribbon
is placed in an oven heated to approximately 50 ◦C to allow the fiber ribbon to
straighten out.

The precision of the fiber placement in the ribbons is determined by scanning
the cross-section in the end-pieces to be better than 0.025mm for a ribbon
consisting of 5 layers of about 128 fibers each (fig. 2). A photograph of the front
of a completed ribbon, illuminated from above, is shown in figure 3.

Figure 3: Close-up photograph of a completed fiber ribbon made of Kuraray SCSF-81MJ
fibers of 0.25mm diameter. The nominal gap in the horizontal direction is 0.025mm. Five
layers of fibers are placed in the tightest arrangement. The supporting carbon fiber skin is
seen at the bottom of the picture.

Two fiber ribbons are glued to the top and bottom of a mechanical support
made from a 10mm thick Rohacell foam layer contained between two 0.1mm
thin carbon fiber skins. Polycarbonate end-pieces are embedded in the support
structure to allow the mounting of the optical hybrid. The module ends are then
polished to achieve a good optical coupling between the fibers and the SiPMs.
Finally, optical readout hybrids carrying the SiPMs (sec. 2.3) on a PCB board
including the mirrors are screwed directly to the polished fiber ends on both
sides of the module.
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Figure 24: Achieved spatial resolution of the tracker modules as a function of the light yield.
Each point corresponds to one SiPM array, using different markers for different configurations
of the tracker modules, regarding the fiber type employed and the presence of optical grease for
the coupling of the scintillating fibers to the SiPM. The dashed line marks the expected light
yield as calculated in section 5.4. The prediction of the Monte Carlo simulation described in
section 5.4 is included, along with a fit to the results of the Monte Carlo simulation according to
eq. (8). The quoted light yields are the median values of the respective amplitude distributions.
Taking the mean values instead would result in values that are higher by 1÷2 photo-electrons.

5.4. Discussion

To compare the results obtained in the previous section to expectations,
first the expected average light yield for a fiber ribbon can be estimated as
follows. On average, a minimum ionizing particle (MIP) deposits 200 keV/mm
in the scintillator material. From this energy deposit, 8.25 photons/MeV are
generated. For the tracker geometry presented here, five layers of 0.25mm fibers
with glue gaps of 0.02mm, the average path length of a particle for perpendicular
incidence is calculated to be 0.69mm. Therefore, a MIP creates 980 photons
per fiber stack. Here and in the following, we quote the median values of the
distributions in order to be less sensitive to tails in the distributions. The
light trapping efficiency of the fibers is defined by the refractive indexes of the
core and cladding materials and is 5.4% in each direction along the fiber axes.
In total, 105 photons are trapped inside the fibers. Due to attenuation and

26

PEBS
Aachen, Dortmund

[B
eischer et al., arXiv:1011.0226v1]



Timing Measurements with SiPMs
SiPMs for Panda and AFP AFP/ATLAS detector at CERN

� Detect protons from central exclusive production
p + p → p + X + p

� Determine mass from missing momentum
� Allows very precise mass measurement in the range of

80 . . . 1000 GeV
� Time resolution of ≈ 20 ps needed to suppress background

2 / 24

PANDA Cherenkov DIRC Detector

Antiproton-

beam

Particle

photo sensor

mirror

radiator focussing element

dichroic mirror

� Radiator (2 cm fused silica)
� Focussing elements at the rim
� Single photons, total internal reflection
� Time of propagation (≈ 40 ps)
� Photon position

4 / 24

ATLAS AFP Project

Panda Cherenkov
DIRC Detector

Requirements:

 Very good
time resolution

 
 [PANDA: σ ≈ 40 ps for single photons; TOP meas.]

 
 [AFP: σ ≈ 20 ps for multiple photons; coincidence meas.]

	 Low dark count rate  
	 Long life time 

 Operation in magnetic field [Panda, B ≈ 2T]

	 Radiation hardness

Panda & AFP
Giessen, Munich

Time resolution

−1.4 −1.2 −1 −0.8 −0.6 −0.4 −0.2 0
0

5

10

15

Zeitdifferenz SiPM3 − SiPM4 (ns)

H
it
s

A = 8.628 ± 0.992

M = −0.734 ± 0.020

σ = 0.190 ± 0.020

O = 1.228 ± 0.191

� Coincidences for 3218087 trigger events

� Time resolution: σ ≈ 134 ps

13 / 24

Gießen:

 Study ToF and ToP determination 

 with SiPMs ...

Time Difference tSiPMA - tSiPMB 

H
its

σΔt ≈ 135 ps

Munich:

 Uniformity studies ...




Panda R&D

AFP R&D
[SiPM coupling]

SiPM

Tile



SiPMs for Medical Application
Positron Emission Tomography

HYPER IMAGE
ENDO TOFPET US

DESY, Heidelberg

HEALTH-2010.1.2-1  EndoTOFPET-US 
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a small-sized highly miniaturized and fully digital endoscopic probe with unprecedented timing and spatial 
resolution. 
 

The external PET plate is required to have an active area of about 16cm x16 cm in order to fully cover the 
projection of the body region under exam at a distance of about 10 cm, viewed from the internal probe. This 
permits good sensitivity with a single acquisition. The crystal pitch is of the order of 2 mm compatible with an 
image resolution of 1mm or better. The crystals are 20 mm long to have high probability of absorption of the 511 
keV photons in the detector. Since the PET plate is positioned as close as possible to the region in examination, 
in order to avoid degradation of the spatial resolution due to the parallax effect it is required to have a 
measurement of the coordinate along the crystal (depth of interaction) with a resolution of the order of the crystal 
pitch (~2mm). These requirements are fulfilled by the APD-based ClearPEM™ plate developed by the one of 
the partners (LIP, owner of the related Intellectual Property (IP) for breast cancer diagnostics1. In particular the 
double readout of Lutetium Yttrium Ortho-Silicate (LYSO) crystals permited by the Avalanche Photo-Diodes 
(APDs) proved to deliver the required DoI resolution in parallel with the energy resolution typical of 
photomultipliers (PMT) based systems with the same crystal (~15%). 
However the low multiplication gain of APDs (~100) limits the photon time resolution to about 3 ns Full Width 
at Half Maximum (FWHM), more than one order of magnitude above what is required for this application. In 
order to overcome this limitation a new version of the ClearPEM™ plate will be designed, where silicon 
photomultipliers (SiPM) or single-photon avalanche diodes (SPAD) will replace the APD. These devices have 
multiplication gain in excess of 105 allowing being sensitive to the first scintillating photon, which provides the 
best measurement of the gamma-ray interaction time. Moreover, the crystal double readout required for the DoI 
measurement will open the possibility of time calibration as a function of Depth of interactions (DoI) to 
eliminate the time dispersion due to the light propagation in the crystal, which by itseld is of the order of 80 ps. 
The external PET plate will be built upon the large exerience of the partners: CERN (P2), DESY (P4), LIP (P8) 
and UHEI (P11), in all the domains involved. 
The conceptual design of the whole system is shown in Fig. 1. 
 

 
 

Fig. 1 : Conceptual design of the endoTOFPET-US Imaging device (not to scale) 

                                                 
1 Abreu M.C. et al., “Clear-PEM: A PET imaging system dedicated to breast cancer diagnostics”, Nuclear Instruments and Methods in 
Physics Research 2007, A 571:81–84 

Hyper Image:
Simultaneous whole-body, 
high time resolution PET-MR imaging ...

Status: Pre-clinical prototype(s) ...

Endo ToFPET US:
Endoscopic ToFPET system combined
with an ultrasound probe ...

Status: project started ...



Electronic Development for SiPM
High Gain vs. Fast Response

KLauS: Charge Readout Chip
[Kanäle für Ladungsauslese von SiPMs]

	 AMS 350nm CMOS technology 
	 SPI interface; tunable bias DAC 
	 High signal/noise ratio [>10, 40 fC signal charge]; 
	 Fast trigger available [pixel signal jitter < 1ns]; 
	 Large dynamic range up to 150pC


 Klaus 2.0: Power pulsing; first SPS measured ...
	 [To be part of SPIROC III]
	 [S. Callier et. al, IEEE NSS/MIC, 2009; 0.1109/NSSMIC.2009.5401891]

STiC: SiPM Timing Chip 
[Fast Discrimination for ToF]

	 STiC 1.0: AMS 350 nm CMOS , 4 channels; 

 Leading edge & Constant fraction trigger;  

 Tunable bias DAC ~ 1 V; power < 10mW/ch 
	 Pixel jitter ~ 300 ps, time of flight capability 


 STiC 2.0: UMC 180 nm [in preparation]


 Differential design to explore timing limits ...
	 Simulation: single pixel time resolution ~ 100 ps.

	 [EndoToFPET-US project: STiC 2.0 + TDC ...]

 
 W. Shen et. al, IEEE NSS/MIC, 2009; 10.1109/NSSMIC.2009.5401693 
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Teaching Students
A Test-box for Future SiPM Researchers

SiPM Practicum Box
SiPM key properties 
can be studied ...

Measurements w/o light:

	 Thermal noise rate (dark rate)
	 Cross-talk
	 I-V curve

Measurements with light:


 Single photoelectron peak spectrum

 for gain determination
	 Voltage and temperature dependence
	 of the break-down voltage
	 Linearity and saturation effects
	 Waveform analysis

Data analysis performed with the ROOT ...

Example: Single Photoelectron Spectrum

Integral  [mV × ns]

E
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nt
s

MPPC
1×1 mm2; 50 μm2



Concluding Remarks

SiPM research is certainly "en Vogue" ...
Many R&D activities by German institutions ...

Activities within Alliance (partially) combined in VSL ...
[Virtual SiPM Lab]

Knowledge exchange valuable ...

Simulation of light transport and SiPM response ...
SiPM characterization measurements ...
Scintillator/SiPM coupling
Readout electronics ...
Industry contacts ...
...

e.g. increase combined efforts concerning ...


