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Fig.1.1: Principles of coherent terabit-per-second communications with Kerr fre-
quency combs. Artist’ s view of a future chipscale terabit-per-second transmitter,
leveraging a Kerr frequency comb source. The demonstration of coherent data trans-
mission with Kerr combs is the subject of this work. DEMUX, de-multiplexer; VOA,
variable optical attenuator; IQMod, IQ-modulator; MUX, multiplexer. [J. Pfeifle, et
al, “Coherent terabit communications with microresonator Kerr frequency combs,”
Nat. Photonics 8, 375-380 (2014)]
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Si0,/SiON  Sicore

overcladding 460 x 200 nm
(n~1.5)\ (n " 3.48)

Si0, cladding

(n=1.44)
Si substrate SiO, cladding

Fig. 1.2: Structure of a silicon photonic wire waveguide [K. Yamada, et al, “Silicon
photonics based on photonic wire waveguides ”, 2009 14th OptoElectronics and
Communications Conference (2009)]
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Fig. 1.3: Output spectrum of a 58- 4 m-radius SiN ring-resonator optical parametric
oscillator with a single pump wavelength tuned to resonance at 1,557.8 nm. It shows
numerous narrow linewidths at precisely defined wavelengths57. The 87 generated
wavelengths were equally spaced in frequency, with a FSR of 3.2 nm.[Moss, David
J.et al,” New CMOS-compatible platforms based on silicon nitride and Hydex for
nonlinear optics” ,Nature Photonics, 7, 8 ,597-607, 2013|

Silicon Silicon Nitride
Transparency: Shortest & (pm) 1.1 04
Transparency: Longest & (pm) ~d ~=d
Guiding layer thickness (um) 0.05 w035 0.05 w07
Index Contrast (%) 140 38(28)
Waveguide Loss (dB/cm) lwls 0001 1w 0.5 [71], [39] (4.0) [72]
Kerr Index (m”/ W) ~45 = 107"F [116], [B1]  ~0.26 x 1077 [15]
TPA Coefficient (m/W) ~9x 10712 0
Distributed Backscanter (dB/mm) 25 30 1o —40 [67]
DN Sensilivity (strip width) nm™! ~ 107 ~ 1071
Temperature Sensitivity K! ~1.86 % 1074 ~245 x 1070
High speed Modulators Gh/'s =40 Not available
Integrated Photodetecior GHz =6l Not available
Layer Stack Flexibility Limited Excellent

Fig. 1.4: Characteristics of silicon photonics using silicon and silicon nitride platforms
the transparency range,typical values in the C-band are quoted.,[Abdul Rahim,et
al.,” Expanding the Silicon Photonics Portfolio With Silicon Nitride Photonic Inte-
grated Circuits” ,JOURNAL OF LIGHTWAVE TECHNOLOGY, 35, 4, 2017]
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Fig.1.5: Comparison between SiN and Si
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Fig. 1.6: Principle of a frequency comb Time-domain representation of the train of
ultrashort pulses of period 1/frep at the output of a mode-locked laser and the
corresponding spectrum of narrow lines of a frequency comb. The phase shift A ¢ of
the carrier of the wave relative to the envelope of the pulses induces a translation fO
= frep A ¢/2 1 of all the lines in the spectrum from their harmonic frequencies nfrep.
[N. Picqué and T. W. Héansch, “Frequency comb spectroscopy” , Nat. photonics 13,
146-157 (2019)
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Fig.1.7: a, Spectrum of the parametric frequency conversion observed in a 75-
m-diameter monolithic toroid microcavity when pumped with 60-mW continuous-
wave laser power at 1,550 nm. b, Schematic of the processes that contribute to the
parametric conversion: degenerate (left) and non-degenerate (right) FWM among
cavity eigenmodes. ¢, Scanning electron microscope image of a toroid microcavity
on a silicon chip.[P. Del’ Hayeet al.,”Optical frequency comb generation from a
monolithic microresonator” Nature volume 450, pages1214 - 1217 (2007)]
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Fig.1.8: (a)Schematic of multilayer tapered vertical coupler;(b) confinement simu-
lation of 2 pu m wide Si3N4 waveguide with SiO2 cladding;(c-e) optical mode dis-
tribution simulation at (c) monitor plane 1, (d) monitor plain 2, and (c) monitor
plane 3 in (a). [K. Shang, et al, “Ultra- Low Loss Vertical Optical Couplers for
3D Photonic Integrated Circuits” , OSA Technical Digest (2015)]
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Fig.1.9: (a) Top-down schematics of the Si-SiN1 and SiN1-SiN2 interlayer transi-
tions. Mode intensity profiles of the fundamental TE mode at a 1550 nm wavelength
are shown at multiple points along the transitions. (b) 3D-FDTD simulated inser-
tion loss (IL) of the interlayer transitions for the TE polarization.[W. D. Sacher, et
al, “Trilayer silicon nitride-on-silicon photonic platform for ultra-low-loss crossings
and interlayer transitions” , Opt. Express 25, 30862-30875 (2017)]
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Fig. 2.1: Experimental system used in this experiment
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Fig.2.4: SiN/Si chip after dripping resin
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Table.2.1: Resin Properties

ZE BiTE WENFE IFRE KE

60 1.56 Tough 2800psi  300CPS
61 1.56 Tough 3000psi  300CPS
63 1.56 Hard,resilient 5000psi 2000CPS
65 1.52 Flexible 1500psi  1200CPS
68 1.54 Frexible 2500psi 5000CPS
81 1.56 Hard,resilient 4000psi  300CPS
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Fig. 2.5: Coupling Efficiency Calculation Method
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Fig.3.1: Si/Si transmittance before and after dripping resin
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Fig. 3.4: Top view of SiN/Si
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