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Semiconductor  quantum  dots  (QDs)  are  usually  recog-
nized as “artificial  atoms” that have discrete states due to the
quantum confinement of electrons and holes in three dimen-
sions.  Several  methods  have  been  developed  for  growing
QDs,  in  which  the  self-assembled  QDs  grew  by  Stranski-
Krastanov method possess superior optical properties, includ-
ing high radiative efficiency and high purity  of  single photon
emission. Benefiting directly from the advanced semiconduct-
or  growth  and  processing  technologies,  the  QDs  are  able  to
be  integrated  with  a  wealth  of  photonic  nanostructures,
which can be implemented in the research field of solid-state
quantum electrodynamics.

On  one  hand,  the  coupling  between  QDs  and  photonic
nanostructures can modify the properties of QDs, such as spon-
taneous  emission  rate.  On  the  other  hand,  the  strong  coup-
ling  will  entangle  the  light-matter  degrees  of  freedom  lead-
ing  to  the  formation  of  polariton.  Both  have widespread  and
far-ranging  applications  in  the  development  of  cutting-edge
quantum technologies, including photonic quantum informa-
tion  processing,  quantum  key  distribution  and  integrated
quantum  optical  circuits.  In  the  past  decades,  numerous
works  have  investigated  the  coupling  of  QDs  to  various
photonic nanostructures[1], especially the coupling to photon-
ic  crystal  cavity  and  waveguide  which  brings  this  platform
one step closer toward realization of spin-photon quantum in-
terface and on-chip integrated quantum photonics, as shown
in Fig. 1.

The interactions between QDs and photonic crystal cavit-
ies  have been thoroughly  investigated,  which can be divided
into  weak  and  strong  coupling  regimes.  In  the  weak  coup-
ling  regime,  where  the  coupling  strength g is  smaller  than
the  decay  rate  of  the  system κ,  the  spontaneous  rate  of  QDs
can  be  greatly  enhanced  according  to  Purcell  effect.  It  has
been proposed and demonstrated for the realization of high-
efficient single photon source[2] and ultrafast qubit gates[3].  In
the strong coupling regime, where g is  larger than κ,  a cavity
polariton  will  be  formed.  Combined  with  the  spin  degree  of
freedom of QDs, the system will generate the entangled spin-
photon pair, in which it is possible to transfer quantum inform-
ation  from  a  spin  qubit  to  a  flying  photonic  qubit  or  vice
versa.  Therefore,  the  strongly  coupled  system  can  be  served
as  an  elementary  block  of  quantum  network.  In  the  system,
single photon is generally involved in the Rabi oscillation pro-
cess. In 2018, Qian et al. demonstrated two-photon Rabi split-

ting for the first time in the cavity-QD system, which takes ad-
vantage of biexciton of QDs[4]. It has pushed the strong coup-
ling  regime  from  single-photon  process  to  two-photon  pro-
cess, providing an approach to multi-qubit operation. Addition-
ally, they have demonstrated the enhancement of the interac-
tion between cavity and p-shell exciton beyond the dipole ap-
proximation[5],  which  can  become  more  promising  with  fur-
ther  nanocavity  design  and  optimization  for  non-local  inte-
ractions[6].  Due  to  the  various  multiexcitonic  states  in  QDs,
which  can  be  controlled  precisely,  the  cavity-QD  system  is  a
good  platform  to  investigate  the  quantum  electrodynamics
and  has  great  potential  in  the  development  of  quantum  in-
formation processing.

The  coupling  to  photonic  crystal  waveguide  also  plays  a
central  role  in  the  development  of  quantum  network.  The
waveguide,  served  as  quantum  channels,  can  transfer
quantum  information  between  distant  quantum  nodes.  Fur-
thermore,  the  strong  confinement  in  the  waveguides  can
lock  the  polarization  of  photon  to  its  propagation  direction,
leading  to  a  chiral  light-matter  interaction.  This  phenomen-
on enables  the realization of  deterministic  spin-photon inter-
face  and  the  development  of  the  non-reciprocal  single-
photon  devices.  The  research  field  of  chiral  quantum  optics
has been reviewed by Lodahl et al., including the fundament-
al  processes,  the experimental  state-of-the-art,  innovative ap-
plications  and  research  directions[7].  Additionally,  topological
photonics,  which  is  extremely  active  these  days,  provides  a
new paradigm in the development of photonic devices with ro-
bustness against disorder. Specially, integrating quantum emit-
ters  with  topological  photonic  structures  could  enable  ro-
bust, strong interactions. In 2018, Barik et al. reported a topolo-
gical quantum optics interface between single QD and topolo-
gical  photonic  structure  that  has  robust  counterpropagating
edge  states,  in  which  the  chiral  emission  and  their  robust-
ness  against  sharp  bends  were  demonstrated[8].  In  2020，
Xie et  al.  demonstrated  the  weak  coupling  between  single
QD  and  second-order  topological  corner  state  in  photonic
crystal  structures  for  the  first  time,  enabling  the  application
of topology into cavity quantum electrodynamics[9].

The  coupling  between  QDs  and  photonic  crystal  struc-
tures  has  been  intensively  investigated  in  the  past  decades,
and  considerable  progress  has  been  achieved.  However,  it
still  has  a  long  way  to  go  before  the  realization  of  these  cut-
ting-edge quantum technologies and many challenges still re-
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main and need to be further addressed:
(1)  Optimization  of  photon-matter  interface.  For  ex-

ample,  further increasing coupling strength may lead to nov-
el phenomena and applications, and the quantum functionalit-
ies  including  single  photon  source,  quantum  circuits  and
photon  detection  need  to  be  further  optimized  and  re-
searched.  Meanwhile,  the  coupling  to  photonic  structures
with  new  properties  still  need  to  be  investigated,  which  may
enable  new  physics  and  applications,  like  topological
quantum interface.

(2)  Large-scale integration on a single photonic chip.  It  is
a  great  challenge  for  the  future  to  address  how  these  quan-
tum  functionalities  can  be  integrated  and  controlled  effect-
ively and efficiently.
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Fig. 1. (Color online) Schematic of on-chip integrated quantum photonic circuitry. The red points indicate the QDs in photonic crystal structures.
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