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Abstract

The thesis aims to design quantum photonic sources based on CMOS-compatible
silicon-on-insulator (SOI) waveguides capable of generating diverse quantum light
states at telecommunication wavelengths via spontaneous four-wave mixing (SEFWM).
The extensive dispersion engineering capabilities enabled by the high refractive-
index-contrast in such waveguide structures are effectively harnessed to show the
generation of nonclassical photonic states, useful for various quantum applications.
We present designs for SOI nanowaveguides with a standard film thickness of 220-
nm that could generate spectrally bright frequency-correlated photon pairs spanning
nearly the entire telecom spectrum (~1250-1750 nm), utilizing the continuous-band
phase matching. We also exploited the discrete phase-matched sidebands far de-
tuned from the pump, in addition to group-velocity matching between the pump
and generated photons, to theoretically demonstrate the conditional preparation of
spectrally pure heralded single photons. We proposed tunable generation of filter-
free spectrally pure (Purity > 95%) near-ideal single photons in the O-, E-; and
S-bands of the telecom range, in standard SOI waveguides. The devices can be
directly used in linear optical quantum computing (LOQC) networks and prepare-
and-measure quantum key distribution (QKD) protocols. Extending to another de-
gree of freedom of photons, we demonstrated the possible generation of near-perfect
polarization-entangled photon pairs over a broad (~ 100 nm) range of wavelengths
around 1550 nm in SOI waveguides with a non-standard thickness of 280 nm. The
effect of polarization mode dispersion (PMD) is also studied to show that the use of
relatively narrow pump bandwidths (<10 GHz) can still maintain entanglement over
waveguide lengths up to 7 mm. These promising cm-scale devices for broadband en-
tanglement (frequency and polarization) generation could be efficiently employed in
multi-channel QKD via frequency multiplexing, thereby improving the data rates in
quantum communication. Further, we presented a semi-classical numerical model for
computing the impact of the Langevin noise, induced due to the linear scattering loss
and nonlinear losses like two-photon absorption (TPA) and free carrier absorption
(FCA), on the quality of biphoton quantum correlations in silicon waveguides. Our
model is more general compared to the previous analytical models, particularly for

including dispersion and wavelength-dependent losses, and more accurate for noise
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estimation in the high-photon-flux regime such as optical parametric amplifiers and

squeezed state generation.

Therefore, the thesis proposes simple designs for SEFWM-based sources for the gener-
ation of diverse telecom-band quantum states that could in principle be employed to
implement quantum logic operations or distribute secret keys for communication via
low-loss silica optical fibers. Direct generation of the quantum photonic states is pro-
posed in contrast to the relatively involved post-processing techniques for heralding
or entangling photons. The thesis is a significant advancement towards the ultimate
goal of manipulating single/entangled photons on a single chip that integrates the
light source, waveguides for quantum state generation, filtering devices, modulators,

and single-photon detectors.
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T BT I22T CMOS-TTd fAfeidp- 3 -ggelex (S0I) JaMESH & IR TR FqicH
BICIe Al DI FSIIMgT BRAT & TN Fd: TR-RIT ST (SFWM) &b HT1ETH H SR
T <& IR fafdy aaicd UanTer S ax § TaH 8| U JagS HRaHTsl § S99 udcid-
YADBID - HCIT FRT F&HT SIS 01— I ST RIRT el ol fafss Faied sy
& fIU IuArht, IR- ORI Bl T & 3= B fG™ & A 9Tt & & ST
3T ST 81 89 220~ nm &1 A& fthed HICTs & A1 SOI AAIARTSS o folt fSwiTe Tegd
PR 8 Sl FRAR— S TROT AT T IUIIT P AT R Sefteb ™ TaeH (~1250-1750
nm) H thel ITaet AT -TEHdg hICH ke ST IR Tad & | T Hgifdd wU o gf
4 IE RIeS Uhd HICH! ol A dIRT @ Uefefd o & oy, 4u 3R I I &
Ster TE - el & 3feTal, 4U ¥ R AT by Y 3R RO dTel HgSss
@1 off ST fHAT| 879 A SOl JaSS N el Nof & 3l-, $— iR tg-ds ¥
fiheey—Th A U ¥ I (& > 95% ) & Fdhe el Thel BICH! di ST I
I T T UETa G| JYSROT DT IYINT 1Y IR i araied e (LOQC)
-icad 3R FaeH Poit fGoR0T (QKD) HITidiel IR &R 3R AT H {3 SI1 Fehelm 2
ThICH T TG Dl Teb 3R Ut Tab faR Rl §Y, A IR—AMD 280—-nm HICTS &
7T SOI JFMZE H 1550 nm P AU AT S&f & Uab faqga (~ 100 nm ) ¥ IR T
qUT gefirRUT-SACTel §Y BICH Sikg ol HHTfAd Icu= T yae bl a8 @M & fou
gepRUr JIS (PMD) & TTa ol off 37ezd fham T 2 13 arueea Hehiol 9y defige
(<10 GHz) BT IGANT 31eft ft 7 mm TP Pl JIES TS TR FASTOHT FHIT R FhaTT & |
STSse SCTere (MM 3R gefiawun) Icu=l & oty 37 JMTeTSTED cm—Fhel SUSRTN Bl
3T AT & HATEH | HocI-d-el QKD H PHeretdTgdd Ao 3 ST el &,
e Faicd FaR 7 STT <=1 H GUR 87| 9 3fftdl, 89 Rifeld damgs o FaicH
TEHY H ST DI YO IR I faRER & JHd iR QI-ThicH JFaeior (TPA)
31R I<h T8 SNUT (FCA) ST IR JHa & HRUT YR AT gt & TG i
U & folT Uah 37ef — FoRE=d SReaTcar Aied Uedd [haT| 8HRT Hise el faiyunets
AfSa & Jar1 7 3Mferds T &, 999 w0 § quf-fdergur ok a9 el - gift @
MAA IR & foly, 3R IfCher WD TUHHRRI 3R TPl el IUH o
ST-HICH-FHT H gl 3FFAM & ol 31fdd Fia 2|

sy & dk ), fifex fafgy ecfiom-d< Faicq sawen & didh S & v SFwM-
TR Bl & AT IR ST &1 IR et &, fSive dgifdd w9 § FaieH dffoid
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