Silicon nitride passive photonic platform for applications
at visible wavelengths: design, fabrication and characterizat
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Introduction
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Recentpursuitin replacingelectronicdeviceswith photonicintegratedcircuitsin a growingnumber
of applicationsresultedin siliconnitride (SgN,) asa material of choicefor developmentof versatile
photonicplatform dueto:

A Widetransparencywindow rangingfrom visibleto mid-infrared range
A Lowthermo-optic coefficient

A CMOScompatibility

A Lowlossand compactnes®f the devices

Despite commercial SgN,-based platforms available, multiple applications like biophotonics
telecom, datacomand sensingapplicationsand usagein hybrid photonic devices[2] leavesroom
further improvementandintroduction of next platformsto the market

In this work we report recentresultsof developmentof S;N,-basedphotonic devicesasan initial

step to establishflexible generictechnologyphotonic platform and to offer multi-project wafer
(MPW) production runs. Three sets of test deviceshave been developed waveguides(WGs)
iIncludingtapersand bends,symmetricalmultimode interferometer (MMIs) couplersand arrayed
waveguidegratings(AWGS)
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Simulation and design

Numerical methods implemented in commercial software packageshave been utilized for
waveguides (WGs) crosssection optimization and later for devices simulations Film Mode-
Matching (FMM) method hasbeen usedfor investigationof electromagneticfield distribution for
modesin WGsand bends For MMIs and AWGssimulations,a Finite Difference(FD)method has
beenused
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A WGsof widthsfrom 0.3k Yto 29k Y
with 0.2 ¥ Ystep

A Threecomplexseriesof delaylines

A waveguides for testing exclusively
bendingradiusinfluenceon losses
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A MMIs 1x2, 1x4, 1x8 and symmetrical s,
cascadessomprisingMMIs optimized .
for 380, 470, 550, 590, 610, 660nm

3'd Layout

A WGs90deg delaylines B p—

A 3 series of AWGs 1x4 and 1x8 "1l g
optimized for: 380, 470, 550, 590, = ‘
610, 660nm

A MMIs 1x2 + 2xAWG 1x4 and 1xg -
symmetrical cascadesoptimized for: ~ i
380,470, 550, 590, 610, 660Nnm '
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A 4-inchsiliconwafers (100)
A Processing

Cleaning
Oxidation(1200AC)¢ 2.3 ¥ YSIC layer

Low Pressure Chemical Vapor Deposition (LPCVD)
¢ 0.32k YSEN, layer

E-beamlithographywith a positiveresist- patterning
Developmentanddry reactiveion etching(RIE)
PlasmaEnhancedChemicalVapor Deposition (PECVD)
¢ 2.3X YSIQ layer
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2 um EHT = 5.00 kV Signal A = SE2 Scan Speed =6
WD =23.2 mm Mag= G5.00KX
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EHT = 3.00 kV
WD =159 mm

Signal A = SE2 Scan Speed =35
Mag= 5000KX

Characterization
Characterizatiorsetups

A 1st Laserdiodec 660nm and fiber to chip and chip to fiber coupling/decouplindor fixed-
wavelengthmeasurements

A 2nd: TiSapphirelaserand dyelaserfor wavelengthtuning (570to 630nm). Lightwasfree space
couplingto chipwith 50x objectiveanddecouplingwith fiber

WGsaverageloss MMIs averageloss

A Straight WG 1000320 hm at 660 nm A 12 MMI (<=660nm)0.49N0.04dB
is1.71N0.50dB/cm A 1x4 MMI (<=660nm): 5.53N0.43dB

A 90 deg, 100 ¥ Ybend WG 100x320 A 1x4 MMI (<=610nm ¢ design,<=660nm
nmat 660nmis0.21 N0.01dB ¢ coupled) 9.31N1.55dB

AWG1x8 <. =610nm characterization¢ designvs measurement

A Wavelengthrangefrom 590to 630 nm with resolutionof 0.275nm

A 2.85nm shiftin centralwavelengthin respectto designparameters

A Channebpacingvalueof 0.79 nm is consistentwith simulations

A FSRierivedfrom measuredspectrumequals9.23 nm vs9.81 nm simulatedvalue
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AWG1x8 <. =590 nm characterizationg designvs measurement

A Wavelengthrangefrom 575to 605nm with resolutionof 0.275nm

A 1.67 nm shiftin centralwavelengthin respectto designparameters

A Channebpacingvalueof 0.81 nm is consistentwith simulations

A FSRlerivedfrom measuredspectrumequals10.23 nm vs9.81 nm simulatedvalue

Conclusions

A Working devices of all designed types have been developed within a single production run.

A Fast initialization of photonic platform development with current state of technology

A Identified sources of inconsistences between simulated and measured characteristics:

A Difference between structure temperature chosen for simulations®35nd actual
temperature of measured structures due to high power coupled into the chip

A Geometrical offsets between design and fabricated structures
A Refractive index in simulations not equal to actual one

A Identified sources of additional losses:

A Material chemical and structural nonuniformity
A Coupling efficiency

A Edges quality

A Defects and impurities
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