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« Abstract h

InGaAs/InP Single Photon Avalanche Diodes 6 SPADO are used to detect faint optical waveforms, down to single-photon level, in the near-infrared range (up to 1700 nm)[1]. InGaAs/InP
SPADarrays are affected by a strong increase of the noise level due to optical crosstalk between neighboring pixel based on the photons emitted during an avalanche[2]. A new FIB-based
approach to reduce crosstalk in SPADarrays has been developed and implemented on a test structure for characterizing the performance of the detectors before and after the FIBprocess
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4 Introduction )
When a single photon is detected by a SPAD, an avalanche is triggered and many charge carriers flow thraugintiop. SO K OF NNA SNB | NB GK2G¢é¢ o06SOlFdzasS 2F 0K
region and they can relax by emitting naafrared photons that can be detected by neighboring pixels and trigger-tatksavalanches [3]. The main emission wavelength at 300 R rm (near banel

edge of thelnPmaterial) with broadband component that fits roughly a 3000 K blackbody spectrum. This limits the distance between thegnx@igy because the detection of secondary photons by
neighbouringpixels introduces false counts thus increasing noise (optical-tatkgs
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Prepare a structure of trenches to avoid the avalanche photons
d>cr o toreach the other neighbor SPAD.
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The FIB modification of a device with 16 SPADs in a row has been to mill a deep trench between two neighboring pixels, |scsvso o gsvivo v
namely between SPAD 7 and 8 olle . o))O®
O O o Q O 1 0N M2
EVOLUTION © O OQO T = Basic Trench
A different approach to the trenchasbeen used adding a metal deposition in theNBy OKX KSNBI FGSNJ y I Yé@% e Q /KT /fvﬁs R NTNBRp@mrceddrench
The metal filled trencihasbeen prepared between SPAD 8 &hd W \NJ T“‘T’ V1Y °
This second trench has been setup on the same array to measure and to cahebxe techniques. OO OO ) QQ QQ
The layers to be milledrn(Pand InGaAs) were completely new for axperience (typically based on Silicon orgg) we had to set up non standard milling recipBEse pattern size was 50 um by 6 um,
the total thickness to mill was aboGtum. We useda DCG P3K, the ions beam was at 30 keV, 1 diell time 100 nsmin. retrace 33 m&oth pure physical mill and gas assisted (Xeke have been
tested to define the best result.
The InP layer melted and boiled under the beam bombardment: the beam current had been tuned to reduce it.

i

We chose a metallization process to obtain a thin metal lay&tihum) as a liner instead of completely fill the

trench: while the Pt deposition valves were open we refreshed several time the image. The result is to have a thin and In the picture the SIM image of the enhanced

uniform metal layer acting as a mirror. The drawback of this method is the risk to short all the metal structures trench.

exposed to the ion beam. The areas were the platinum has been removed
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can generate shorts.

Results Conclusion

A solution to mill thdnPand InGaAs layers has been identified.

A deposition recipe has been improved to metallize the trench wall with a thin Platinum layer.
The trench solution showsgood reduction of crostalk noise.

The enhanced trench (trench plus metallizatiogy)orted much better results in crogalk
reduction with respect to the basic empirench.

We introduced a method for reducing cross-talk noise by means of a metallized
deep trench . We obtained very good results by improving the shielding capability
of about 50% with respect to the pure trench solution, thus paving the way to
SPADarrays with pixel pitch shorted than 100 pm.
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