Microscale Mapping of the Photon Detection
Probability of SPADs

Eric Gros-DailloR, Loick Vergef, Daniel A. B. Bonifacid®, Edoardo CharbénClaudio Bruschitij Leo Huf
Campos Bradaleonardo GasparifiNicola Massafj Matteo PerenzofiDavid Stoppg Robert. K. Hendersn
Richard Walkey Ahmet Erdogal Bruce Rag Sara Pellegrifi

Abstract—A setup based on a microscope, a spectrograph and a The SPAD data acquisition system is employed téopar
servo positioning system is used to map the homogeneity of the  photon counting procedures at a given positiohéXY plane

PDP within SPADs, along the anode and the guard ring. Varying  of the sensitive surface. A full scan in the suefacperformed
the wavelength of the incoming light enables to probe the device

volume from the P-WELL to the N-WELL . aut(_)matlcally using a servo positioning controlkesr the scan,
all light generated hits the SPAD.
I INTRODUCTION Figure 1 (right) shows a typical image recordedheyCCD

i ) ) camera, which creates a small blue probe (centeeleagth of
SINGLE-phOton avalanche diodes (SPADs) realized in CMOgz, nm) onto the chip surface. The blue light spotisible

) technology enable counting photons digitally, \{\omchip close to the center of the picture and can be cosdpi the
implementation of advanced features such as agtiemching 19.27 um SPAD pitch. In this study, three centewalangths

a_md rech_arge,_ tim_e-to-digital_ conv_erters for ) mitip were used : 420 nm to emulate the LYSO emissiod b0 and
tlmegtamplng, .trlgge.rlng, etc. ,lt IS StUd'e,d foiaage field of 600 nm to investigate the PDP at several depthe Th
applications _ including  positron emission tomographywavelength bandwith is around 50 nm. The incomihgtpn

fluorescence lifetime imaging microscopy, and agtranging. flux was kept far lower than the SPADs deadtimeictvlis 50
Photon detection probability (PDP) is a key feaff&PADs. ns to avoid pile-up

In this work, we describe a method to map the SPPAIP at a o]
microscale level. Wavelength tunable ,

Bandwidth 50 nm

| spectrograph

Il. SETUP DESCRIPTION

The complete setup is composed by a microscopere s
positioning controller, a spectrograph, a CCD carand the
SPAD data acquisition system, as shown in Figeft)(l

A. The microscopic environment rcomlﬂ\iz{_m,_l
PC SPAD

A microscope (Olympus, Japan) has an objective ®@tbix T [z
amplification (numerical aperture 0.90, W. D. 1IFON. 26.5). Fig. 1. Left: Measurement setup sketch. Right:genaecorded by the

The microscope focuses a 1 pm FWHM light spot fiitwe microscope camera showing the SPADs and the biote sp
spectrograph into the SPAD sensitive surface. WWiged the
SPAD array of the SPADnet-I sensor [1]. Light egetdtby the .
NanoMetrics NanoSpec 9000i integrated film analggistem B. The SPAD'net-I chip . )

is collected by a focal length Czerny-Turner spegraph type ~ SPADnet-l is an 8x16 pixel array with 92,600 SPADs
Shamrock SR303i-B by Andor technologies that dispetight developed in 0.13-um 1P4M CMOS front side illumetat
into a frequency spectrum. The spectrograph hasi883ocal  (FSI) imaging technology from ST microelectronicsign has
length, F/4 aperture and 0.1 nm resolution. Anduftweare been developed within the SPADnet consortium fofT PE
Solis was employed for wavelength selection andtmerol of  applications. It is fully described in [1, 2] anklazacterized for
the diffraction grating, The 1800 line/mm gratin@svused, spectrometric measurement in [3]. Only the featuedsvant
because it gives the best resolution and a nampewtsal range for this study are summarized here. Each SPAD hagiad

coverage. Hence, the slit width was set to 20um. shape to reduce dark count rate (DCR) and is ozgdnin a
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honeycomb structure, so as to enhance fill fackaljacent

SPADs are placed in a single underlying deep N-segllarated
by an epi guard ring. The junction where the avet@roccurred
is formed by a P-well implant. In order to reduee total sensor

DCR, noisy SPADs can be individually disabled using

programmable memories.

C. Acquisition environment

The chip under test was mounted on a motorizedlation
stage. An evaluation kit for SPADnet-l is composéd SP605
development board from Xilinx and a support boahndt t
enables to easily replace the chip under test. #&@ data
acquisition and chip control are performed over eftlt
protocol using LabVIEW. The same PC controls thegfation
stage and enables to record the PDP map. For egafsiion
position, the number of SPAD triggers (includinglrphotons
and dark counts) is recorded.

Ill. RESULTS

A. PDP mapping

For this study, groups of 3x3 SPADs were enabléé. dhip
was moved by steps of 1 um. The integration timse fixed to
10 ps. The mean DCR was subtracted and the triggeaite
was plotted versus the position, superimposed & dhip
picture in Fig 2. The less than 1 um width wireskdd to the
anodes are clearly resolved, showing a good spasalution.
Around each sensitive area (red), there is a nositbee area
(quard-ring), and a circular ring with reducedsevity (pale
yellow).

Fig. 2. Overlay of the PDP map onto the SPAD apiature.

B. Variation with wavel ength

By changing the light wavelength, the triggeringlpability of
the SPAD device can be investigated as a functidineodepth
of the triggering event. In this study, only a $\W\PAD was
switched on. The absorption lengths of silicongbotons with

wavelengths of 420 nm, 500nm and 600nm are 0.17um,

0.75um and 2.1um, respectively. Increasing the ieagth,
the interaction volume broadens. The anode wipedsent only
at the surface of the SPAD and can be easily raftieein the
profile only for the wavelength of 420 nm, whichshiaigher
absorption probability.
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Fig. 3. Left: PDP map at three wavelengths. Rigbtizontal cross sections.
IV. DiscussION

The obtained results could be compared to the redefold
computed by technology computer-aided design (TCMD)
The loss of efficiency around the edge of the SR&Due to
the implanted PWELL guard ring width around the P+
breakdown region and to the field curvature atetige of the
P+ region.

In the case of emissions at 420nm and 500nm, therption

is very close to the surface, mainly electrons geted in the
PWELL reach multiplication region. Some holes frdhe
NWELL could also reach the multiplication regiorthva lower
probability, thus creating the yellow halo.
At longer wavelengths, absorption reaches deepéeorsi
volume, holes created inside the NWELL region whitaey
may be swept into the active region from a greagion of N
around the SPAD.

V. CONCLUSION

A setup has been developed to map the PDP of SRABRS
microscale level. The comparison of this studyR&AB design
and TCAD simulation of electric field will enable estimate
how much the p-well drawn area could be increasegtimize
fill factor without causing the guard ring to fail.

By the time of the conference, more detailed resuitl be
presented.
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