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Planar photonic crystal (PPC) cavities with high quality (Q) factors were currently designed by missing or
moving air holes. Here, we propose that cutting air holes in PPC into semicircles could be considered as another
strategy to realize and optimize cavities, presenting superiorities over cavities with missed or moved air holes in a
higherQ factor and a smaller mode volume (Vmode). Examples are demonstrated: (1) in a PPC lattice, cutting two
adjacent air holes promises a cavity mode with a Q exceeding 200,500 and an ultrasmall mode volume Vmode <
0.329(λ/2 n)3; (2) in a PPC waveguide, cutting two air holes on opposite sides of the waveguide supports a cavity
mode with a Q exceeding 104,600 and a Vmode < 1.22(λ/2 n)3; (3) cutting the two air holes at the edges of an
L3-type PPC cavity, the Q factor is optimized from 5500 to 124,700, with an almost constant Vmode. The concept
of cutting air holes to introduce defects in PPC also promises the design of PPC also waveguides with an
engineered transmission loss and dispersion.
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Planar photonic crystal (PPC) cavities fabricated in di-
electric slabs have a variety of advantages to resonantly
control light-matter interactions and light wave propaga-
tion[1–5]. First, compared with other optical cavities, PPC
cavities could be straightforwardly fabricated using the
standard technologies developed for semiconductor elec-
tronic devices[6], facilitating their practical applications.
Second, it is easy to construct photonic integrated circuits
using PPC cavities, with the combination of other defect
modes in the PPC structures, such as PPC waveguides[7].
The circuits are ultracompact and PPC cavities function
as filters, memories, and switches[8–10]. PPC’s planar struc-
tures also allow the integration of electrical devices for
optoelectronic circuits[11]. Third, PPC cavities are well rec-
ognized as one of the optical cavities with the highest
Q∕Vmode factor

[12], where the Q and Vmode are the quality
factor and mode volume of the resonant mode, respec-
tively. The density of the electric field of a resonant mode
is proportional to the Q∕Vmode factor, which therefore
enables PPC cavities as a promising platform to control
light-matter interactions for highly efficient all-optical
processes, nonlinear optics, optomechanics, and classical
and quantum light emissions[10,13–18].
In the past decades, a number of designs have been re-

ported to realize PPC nanocavities with a high Q factor
and small Vmode

[19–23]. PPCs are normally periodic air holes
arranged with a two-dimensional triangular lattice, which
support large photonic bandgaps for transverse electrical
(TE) electromagnetic modes. If structure defects are in-
volved into the PPC lattice, defect modes could origi-
nate inside the PPC’s photonic bandgap, giving rise to
a PPC cavity. Summarized from the previously reported

PPC cavities[19–23], missing air holes and moving air holes
in PPCs are two of the most widely accepted defect
designs, including the popular types of L3[19], H0[20],
heterostructure[23], local width modulation[21], etc. These
PPC cavities have virtues of simple design, high Q factor,
small Vmode, and compact footprint.

Here, we propose that cutting two air holes in the PPC
into semicircles is another important concept for realizing
and optimizing cavities, which shows advantages over
the cavities designed with missed or moved air holes in
a higher Q factor and smaller Vmode. As examples, we
present the formations of decent cavities by simply cutting
two air holes either in a PPC lattice or in a PPC wave-
guide, as well as the great optimization of the typical
L3-type PPC cavity by cutting two air holes at the cavity
edges without movement of air holes.

Cavity formed by cutting air holes in PPC lattice - We
first discuss the formation of a cavity by cutting a couple
of air holes in a PPC lattice with periodic air holes, with-
out missing or moving air holes. The PPC lattice is sche-
matically displayed in Fig. 1(a), which is also employed to
discuss other PPC cavities in this work. A silicon slab is
chosen with a thickness of t ¼ 220 nm and a refractive
index of 3.48. The triangular lattice of air holes has a
period of a ¼ 450 nm and an air hole radius of r ¼ 0.26a.
Figure 1(b) shows the structure of the proposed PPC
cavity with cut air holes. Two adjacent air holes along
the Γ-M direction in the center of the PPC lattice are
cut into semicircles with D shapes, which have the same
width of D0. In contrast to the surrounding air holes with
periodicity, the two semicircles have an increased effective
dielectric permittivity between them that would support
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electromagnetic modes with optical frequencies locating
inside the PPC’s photonic bandgap. Resonant modes
are therefore formed with the confinement from the sur-
rounding air holes, though there is no missed or moved
air holes. To facilitate further discussions, we name the
cavity arisen from cutting air holes in a PPC lattice as
a D-type PPC cavity.
To assess the resonant performances of the D-type PPC

cavity, we also consider the resonant modes in widely
studied L3- and H0-type PPC cavities with the same
air hole lattice, whose structures are shown in Figs. 1(c)
and 1(d), respectively. In the L3-type PPC cavity, the de-
fect is formed by missing three air holes along the Γ-M
direction in a PPC lattice[19]. To improve the Q factor, the
two air holes next to the defect edge are moved outward to
obtain gentle mode confinements[19]. The H0-type PPC
cavity has no missed air holes, and the defect is formed
by moving two adjacent air holes outward along the
Γ-M direction in a PPC lattice[20]. For a PPC cavity,
two of the most important figures of merit are Q factor
and Vmode, which determine the performances of the
Purcell factor with the Q∕Vmode, strong-coupling cavity
quantum electrodynamics with the Q∕Vmode, and nonlin-
ear optical responses with the Q2∕Vmode

[3]. Hence, the Q
factor and Vmode of the resonant modes in these PPC
cavities are calculated using the finite element method
(COMSOL Multiphysics). For the L3-type PPC cavities
with varied displacements of the two air holes at the defect
edge, the highest Q factor of the fundamental resonant
mode is obtained from a cavity with the displacement
of 0.2a, which is 95,300. This fundamental resonant mode
locates at the wavelength of 1669.5 nm, and the corre-
sponding Vmode is 0.674ðλ∕2nÞ3, where λ and n are the res-
onant wavelength and refractive index of the silicon slab,
respectively. In the H0-type cavity, by moving both
air holes outward to a distance of 0.15a, the optimized

fundamental mode has the highest Q factor of 107,600
and a Vmode ¼ 0.496ðλ∕2nÞ3 at the wavelength of
1514.1 nm.

Resonant modes of D-type PPC cavities with different
D0 ð0 < D0 < 2rÞ are then studied. The highestQ factor of
the fundamental resonant mode is obtained from the cav-
ity with D0 ¼ 1.6r. This resonant mode locates at the
wavelength of 1461.9 nm and has a Q factor of 200,500
and a Vmode ¼ 0.329ðλ∕2nÞ3. Compared with the opti-
mized L3- and H0-type cavities mentioned above, the
optimized D-type cavity has the highest Q factor and
the smallest Vmode. Figure 2(a) displays the distributions
of electric fields (Ex and Ey) of the optimized resonant
mode. The two semicircles break the periodicity of the
PPC lattice, and a strongly confined mode localizes be-
tween them. Since the physical length of the cavity defect
formed by the two semicircles is much smaller than the
mode wavelength, there are electromagnetic fields pen-
etrating into the region outside the semicircles. It also
accounts for the small Vmode. Both Ex and Ey present

Fig. 1. (a) Schematic of the employed PPC lattice with a tri-
angular lattice of air holes in a silicon slab. Inset: the reciprocal
lattice of the PPC lattice. (b)–(d) Zoomed structures around the
defect regions of the (b) D-, (c) L3-, and (d) H0-type PPC
cavities. The initial positions and profiles of the air holes in
the PPC lattice are denoted by dashed red circles.

Fig. 2. (a) Electric field distributions (Ex and Ey) of the funda-
mental resonant mode in aD-type cavity withD0 ¼ 1.6r. (b) The
Ey profiles of the resonant modes in D-, L3-, and H0-type
cavities over the cavity centerline along the x direction (solid
lines) and fitted curves calculated from the product of a Gaussian
envelope function and a sinusoidal wave (dashed lines). (c) The
Q factor, Vmode, Q∕Vmode, and resonant wavelength of the fun-
damental resonant modes calculated from the D-type cavities
with a varied D0.
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odd-symmetric distributions with respect to the defect
center, indicating that their vertical far-field radiation will
have oblique directions. While the mode strongly pene-
trates into the semicircles, the Q factor is still very high,
which could be attributed to the relaxation of the imped-
ance mismatch at the abrupt interfaces between air holes
and the silicon slab with the assistance of cut air holes,
which provides gentle mode confinements.
The main factor degrading Q factors in PPC cavities is

the vertical radiation loss because the total internal reflec-
tion of the slab could not be satisfied for the light compo-
nents with small in-plane wave vectors (in the range
between 0 and 2π∕λ0, where λ0 is the wavelength of light
in air). In the L3- and H0-type cavities, to improve the Q
factors, moving air holes near the cavity edge is required,
which extends the cavity’s physical length to make the
mode have more components with large in-plane wave vec-
tors. However, as shown in Figs. 1(c) and 1(d), these air
holes at the cavity edges are circularly shaped, which
results in the abruptest variations of the dielectric imped-
ance along the centerline of the cavity in the x direction.
Unfortunately, the mode has the strongest electromag-
netic field over this centerline. This contradiction makes
it unfavorable to improve theQ factors, even with the out-
ward shifts of air holes. In the proposed D-type cavity, the
flat sides of the semicircles provide uniform variations of
the dielectric impedance along the y direction. It is there-
fore beneficial to redirect more components of the mode to
have large in-plane wave vectors and improve the Q fac-
tors. The electric field profiles shown in Fig. 2(a) reveal the
flat mode distributions at the interfaces between air holes
and the silicon slab, resulting in mode envelopes more
similar to Gaussian functions in two dimensions. In the
L3- and H0-type cavities, electric fields of the resonant
modes are extruded away from the Gaussian envelopes
by the circular air holes.
To illustrate this, we fit the fundamental resonant

modes of the optimized D-, L3-, and H0-type cavities
with curves corresponding to the products of a sinusoidal
wave and a Gaussian function[24], as shown in Fig. 2(b).
Here, the Ey components of these three resonant modes
at the cavity centerline along the x direction are chosen.
For each fitting, the blue solid line and red dashed line
indicate the extracted electric field profile of the resonant
mode and an ideal profile of the product of a sinusoidal
wave and a Gaussian function, respectively. The sinusoi-
dal wave has a period the same as that of the mode’s Ey
profile. For the fitting results of the D-, L3-, and H0-type
cavities, the electric fields match closely with the fitting
curves in the central main lobes for the three cases.
However, for the lobes at the cavity edges of the L3-
and H0-type cavities, there are obvious discrepancies
between the electric field profiles and the fitting curves,
as indicated by the green circles in Fig. 2(b). In contrast,
the mode in the D-type cavity could be fitted well even at
the edge region. As demonstrated in Ref. [24], the Gaus-
sian function is spatially localized without high-frequency
wave vector components, and its envelope function could

avoid abrupt changes at the cavity edge, which therefore
guarantees that the resonant mode in the D-type cavity
has higherQ factors than those in cavities formed by miss-
ing or moving air holes.

Note, for these D-, L3-, and H0-type PPC cavities,
modifying air holes in the outer layers around the defects
could improve theQ factor further by another one order of
magnitude[25–29]. Considering that the main aim of this
work is demonstrating the concept of cutting air holes
for forming cavity modes in PPCs, further comparisons
between these cavities by modifying air holes in outer
layers will not be discussed here. We also carry out calcu-
lations of the three types of PPC cavities with other
parameters of r∕a, which show that the D-type cavity
could achieve a higher Q factor and smaller Vmode than
the other two types of cavities. Note, while the above
optimized cavities are designed at specific wavelengths,
resonance modes with maximumQ factors at other desired
wavelengths could also be realized by changing the struc-
ture parameters of a, r∕a, and t∕a. In addition, with the
above explanations and strategies, cutting the air holes
into indented shapes to relax the impedance mismatch
at the cavity edges could further improve the cavityQ fac-
tor, which will be discussed elsewhere.

We also study the dependences of the Q factor, Vmode,
Q∕Vmode, and resonant wavelength of the fundamental
resonant mode on D0 in the D-type cavities, as shown
in Fig. 2(c). While the maximumQ factor is obtained from
the cavity with D0 ¼ 1.6r, the Q factors could be larger
than 105 for the cavities with D0 in the range between
1.53r and 1.67r. Considering the employed a ¼ 450 nm
and air hole radius of r ¼ 0.26a, cavities with high Q fac-
tors could be realized when the semicircles have a width
between 179 nm and 195 nm. This error tolerance could
be satisfied by the mature fabrication techniques of silicon
nanophotonic devices, which has fabrication imperfections
less than 10 nm. This promises the feasibility of future
fabrications of the proposed D-type PPC cavity. For
the cavities with D0 > 1.6r, the Q factor of the fundamen-
tal resonant mode decreases asD0 becomes larger. While it
is possible to form an electromagnetic mode with the op-
tical frequency locating inside the photonic bandgap of the
PPC lattice by cutting the two air holes, to support the
standing wave of a resonant mode in the cavity defect with
an ultrasmall physical length, it should have a small in-
plane wave vector[28,30]. The corresponding vertical wave
vector is consequently large, which tends to shift the
electromagnetic mode toward the region of the slab’s light
core and break the vertical total internal reflection of the
silicon slab. Hence, when D0 becomes larger, the length of
the cavity defect shrinks, resulting in severe mode scatter-
ing and Q factor degrading. For the case of D0 > 1.8r, it is
difficult to find a fundamental resonant mode due to the
non-convergence in the mode simulation, indicating that
the mode shifts into the light core already. In addition,
because of the small in-plane wave vector in the cavity
with a large D0, the resonant mode penetrates into the
outer layers of the air holes remarkably, giving rise to a
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large Vmode. As shown in Fig. 2(c), the Vmode of the res-
onant mode in the cavity with D0 ¼ 1.8r is 1.220ðλ∕2nÞ3,
which is almost three times that in the optimized cavity.
For the cavities with D0 < 1.6r, the Q factor of the

fundamental resonant mode decreases gradually as D0 is
reduced from 1.6r and reaches the smallest value for
D0 ¼ 0. Compared with the cavities with D0 > 1.6r, the
physical lengths of the cavity defects in these cavities with
a narrower D0 are much larger, and the in-plane wave vec-
tors of the modes are large enough to ensure them being
away from the light cone. However, the narrower width of
D0 causes the mode distribution to have smaller values
outside the cavity edge (x ¼ 2.5a) than that required
for a standard Gaussian envelope, which causes strong
mode scattering from the air holes outside the cavity edge.
Note, in the case of D0 ¼ 0, the D-type cavity evolves into
a cavity with two missed air holes, i.e., the L2-type cavity.
The Q factor is as low as 1500 because the mode profile
strongly deviates from the ideal Gaussian envelope, which
is the same mechanism for the lowQ factor in the standard
L3-type cavity without moved air holes[31]. In addition,
compared with the optimized D-type cavity, the cavity
with a smaller D0 has a larger physical dimension, which
results in a larger Vmode. In the cavity with D0 ¼ 0, the
Vmode is about 0.450ðλ∕2nÞ3. For the D-type cavities with
a different D0, the factor of Q∕Vmode has the similar trend
to that of the Q factor due to the small variation of the
Vmode. It indicates that the optimized cavity for the maxi-
mum Q factor also supports the highest Q∕Vmode factor
for enhancing light-matter interactions. However, the
resonant wavelengths of the fundamental modes vary
strongly, as shown Fig. 2(c). There is a monotonic decreas-
ing function between the resonant wavelength and D0.
Resonant modes in PPC cavities are standing waves. In
a cavity with a narrower D0, the larger physical length
of the cavity defect allows a longer resonant wavelength
to form a constructive interference.
In the previously reported PPC cavities, such as L3- and

H0-type cavities, besides the fundamental resonant mode,
it is also possible to form higher-order resonant modes
with higher optical frequencies, though the Q factors
are normally smaller than that of the fundamental reso-
nant mode due to the smaller in-plane wave vectors[30].
In realistic applications of PPC cavities, this multi-mode
behavior is not preferred. For instance, in micro-lasers
based on PPC cavities, the multiple resonant modes would
compete for the gain and subsequently increase the laser
threshold, which also hinders the single-mode operation of
the laser. To employ PPC cavities in optical sensors, the
multiple modes limit the sensing range when the shift of
resonant wavelength is utilized to monitor the parametric
variations. As discussed above, because the physical
length of the defect in the D-type cavity is very small,
especially for the case with a large D0, the in-plane wave
vector of the fundamental resonant mode is very small.
For the higher-order electromagnetic mode supported
by the cavity defect, which has even smaller in-plane wave
vectors and higher optical frequencies, it is difficult for it

to form a resonant mode with a moderately high Q factor.
Because the modes are even closer to the light cone in
the energy-momentum space, hence, it is expected that
the ultracompact D-type cavity has the single-mode
operation. From our calculations, for the cavity with
D0 ¼ 1.6r, which is optimized for the fundamental reso-
nant mode, the higher-order resonant mode cannot be
convergent in the mode simulation. This single-mode
property enables the D-type cavity to have potentials
in the single-mode lasing, large range optical sensing,
and deterministic single photon sources. Of course, by nar-
rowing the D0 to allow a longer cavity length, a higher-
order resonant mode would be present. For example, in a
cavity with D0 ¼ 0.8r, a higher-order resonant mode with
a Q factor of 1800 and a Vmode of 0.353ðλ∕2nÞ3 is obtained
at the wavelength of 1452.3 nm. Note that it is more than
140 nm away from the fundamental resonant mode (at the
wavelength of 1594.2 nm), which could guarantee the
single-mode operation in a large wavelength range.

Inducing a cavity in PPC waveguide with cut air holes -
A PPC waveguide, with a line defect of missed air holes,
is another important base structure for realizing PPC
cavities that represent advantages over the cavities di-
rectly designed from the PPC lattice. To generate a cavity
from the PPC waveguide, modifications of a section of the
waveguide are normally exploited to induce a varied effec-
tive refractive index, which forms mode gap regions in the
photonic band. Consequently, cavity modes are created
below the transmission band of the PPC waveguide. In
the cavities derived from the PPC waveguide, along the
direction of the line defect in the waveguide, the resonant
mode confinements are much gentler due to the absence of
air holes, which is different from the cavity based on a
PPC lattice. This makes the electric-field profile of the
cavity mode close to the ideal Gaussian curve, promising
high Q factors[24]. In addition, inducing a cavity based on a
PPC waveguide could facilitate the coupling of the reso-
nant modes directly. For the cavity originated from a PPC
lattice, an extra side coupled PPC waveguide is normally
required to access the resonant modes[32].

The previously reported modifications of PPC wave-
guides for generating cavities include setting different
horizontal lattice constants over a few periods to form a
heterostructure[23] and outward moving air holes adjacent
to the line defect of the waveguide to locally tune the
waveguide width[21]. Here, we illustrate that simply cutting
two air holes on opposite sides of the PPC waveguide’s line
defect could form a PPC cavity with high Q resonant
modes. The structure is schematically shown in Fig. 3(a).
By setting the width of the semicircle as D0 ¼ 1.6r,
a resonant mode with a Q factor of 104,600 and Vmode ¼
1.352ðλ∕2nÞ3 is obtained at the wavelength of 1688.8 nm.
The larger Vmode and longer resonant wavelength com-
pared with those in the above discussed D-type PPC cav-
ity are due to the longer physical length of the defect
region in this waveguide-based cavity, as indicated by
the simulated mode distributions displayed in Fig. 3(b).
Both Ex and Ey fields have odd symmetry with respect to
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the center of the defect region formed by the two semi-
circles, which implies that this resonant mode derives
from the odd transmission band of the standard PPC
waveguide. In addition, while the cavity defect is between
the two semicircles, the mode distribution extends along
the x direction by couple wavelengths, which could guar-
antee the gentle impedance mismatch and the high Q
factor.
Instead of cutting the two air holes, the cavity induced

by outward moving the two air holes away from the line
defect of the PPC waveguide is studied as well for com-
parison. The resonant mode with the highest Q factor
is obtained from a cavity with a displacement of 0.07a,
and the Q factor is 96,700, which is smaller than that ob-
tained from the cavity with cut air holes. This could also
be explained by the flat interface of the semicircles facing
the mode distributions, which more relaxes the scattering
loss induced by the impedance mismatch. In addition, we
also consider the PPC cavity formed by cutting more air
holes adjacent to the PPC waveguide defect. Even higher
Q factors are obtained than that with two cut air holes due
to the wider mode distribution, while the Vmode becomes
larger.

Figure 3(c) plots the Q factor, Vmode, Q∕Vmode, and
resonant wavelength of the fundamental resonant modes
calculated from the cavity by cutting the air holes into dif-
ferent values of D0 in the PPC waveguide. The variation
trends of these figures of merit are similar to those ob-
tained in the D-type cavities. For the cavities with
D0 > 1.6r, with the reduced Q factor, the Vmode increases
significantly due to the bad confinement of the mode. In
these cavities, because the cavity defect is too small, the
resonant mode extends strongly along the waveguide di-
rection (x direction) governed by the small in-plane wave
vector. For the cavities withD0 < 1.6r, while theQ factors
are degraded as well, the Vmode is almost constant. This
could be attributed to the well-confined mode tails along
the waveguide direction due to the moderately large cav-
ity defect. However, with the large cut air hole, the mode
profiles deviate from the ideal Gaussian envelope around
the cavity edge, which causes more mode scatterings.
The factor of Q∕Vmode has a similar trend to that of the
Q factor. The resonant wavelengths exhibit a monotonic
decreasing function versus D0 considering larger cavity
dimensions for a smaller D0.

Optimizing L3 PPC cavity with cut air holes - We fur-
ther demonstrate that the strategy of cutting air holes
could also be employed to optimize the Q factor of the
widely studied Lm-type PPC cavity, where m is the num-
ber of missed air holes in the defect region. In an Lm-type
PPC cavity, to improve Q factors, outward moving the
nearest-neighbor air holes at the cavity edge is essential
to make the electric field profile vary more gently, as
shown in Fig. 1(c) for the L3-type PPC cavity. As dis-
cussed above, the origin of high Q factors in D-type
PPC cavities is that the cut air holes have flat sides to im-
prove the impedance match between the air holes and the
silicon slab compared to the circular air holes. Therefore, it
is also possible to optimize the Q factor in the Lm-type
PPC cavity by cutting the two air holes at the cavity edge
to relax the abrupt change of mode fields. Taking the
L3-type PPC cavity as an example, the optimized struc-
ture is schematically displayed in Fig. 4(a). The two air
holes at the defect edge are cut into semicircles without
any position tuning.

Figure 4(b) displays the Q factor, Vmode, Q∕Vmode, and
resonant wavelength of the fundamental resonant mode in
the modified L3-type cavity versus D0. When the D0 is re-
duced from 2r to 0, both the resonant wavelength and
Vmode increase gradually because of the lengthened physi-
cal length of the cavity. However, the Q and Q∕Vmode
factors achieve their maximum values. For the standard
L3-type cavity without any air hole moving and cutting
(D0 ¼ 2r), the fundamental resonant mode at the wave-
length of 1656.2 nm has a Q factor of 5500 and a Vmode
of 0.531ðλ∕2nÞ3. As the two-circular air holes at the cavity
edge are cut into semicircles, the Q factor increases gradu-
ally and reaches the maximum of 124,700 for the case of
D0 ¼ 0.9r, i.e., the Q factor is improved by more than 20
times compared with the standard L3-type cavity. The
corresponding Vmode of the optimized resonant mode is

Fig. 3. (a) Schematic structure of the cavity induced by cutting
two air holes adjacent to the line defect of a PPC waveguide. The
dashed red circles represent the initial profiles of the cut air holes.
(b) The electric field distributions (Ex and Ey) of the fundamen-
tal resonant mode with D0 ¼ 1.6r. (c) The Q factor, Vmode,
Q∕Vmode, and resonant wavelength of the fundamental resonant
modes versus D0.
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0.679ðλ∕2nÞ3, which is lightly enlarged from that of the
standard L3-type cavity. In the optimized L3-type cavity
by moving the two edge air holes, as discussed above, the
fundamental resonant mode has a Q factor of 95,300,
a Vmode of 0.674ðλ∕2nÞ3, and a central wavelength of
1669.5 nm. Compared to the optimized L3-type cavities
with cut air holes and moved air holes, the Vmode and
resonant wavelength of the fundamental resonant mode
are very close. However, theQ factor in the optimized cav-
ity with cut air holes is higher. This could be explained
by more relaxation of impedance mismatch at the boun-
dary of air holes and the silicon slab with the flat side
of the semicircles. Figure 4(c) displays the electric field
distributions (Ex and Ey) of the fundamental resonant
mode, showing the similar mode distributions to that
in the standard L3-type cavities or cavities with moved
air holes.
By further cutting the two air holes with D0 < 0.9r, the

Q factor decreases gradually. This could be attributed to
the deviation of the mode profile over the cavity centerline
from the ideal Gaussian envelope function, similar to that
discussed for the D-type cavity. An abrupt change of the
mode profile still remains at the cavity edge. For the case
with D0 ¼ 0, the Q factor decreases to a relatively small
value of 24,900. Note that it is still higher than that in
the standard L3-type cavity. It could be understood that
the L3-type cavity with D0 ¼ 0 evolves into a standard
L5-type cavity, which has larger in-plane wave vector
benefitting from the longer physical defect length[30].
Hence, the vertical scattering for the resonant mode in
the L5-type cavity should be smaller than that in the
L3-type cavity, promising a higher Q factor.
In conclusion, we have demonstrated that simply cut-

ting air holes in PPC to semicircles could be considered

as a new strategy to form and optimize PPC cavities.
Three examples are described. In the formations of
PPC cavities, by simply cutting two adjacent air holes
in a PPC lattice or two air holes on the opposite sides
of a PPC waveguide, resonant modes with a Q factor ex-
ceeding 105 are obtained. In the optimization of the PPC
cavity, by cutting the two air holes at the edge of an
L3-type cavity, the Q factor is optimized by more than
20 times, while Vmode is almost constant. Results of these
three examples also indicate that the cavities with cut air
holes have superiorities over cavities with missed or moved
air holes in the higher Q factor and smaller Vmode. In the
cavities with missed or moved air holes, the air holes
around the cavity edges are circularly shaped. By con-
trast, the cut air holes have flat sides facing the strong
mode distribution, which could relax the impedance mis-
match at the interfaces of air holes and the silicon slab
more. Hence, cut air holes could enable much gentler mode
confinement in PPC cavities. The cut air hole as a struc-
ture parameter provides a new strategy to design other
PPC devices, such as PPC waveguides with engineered
dispersions and low transmission losses.
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Fig. 4. (a) Schematic structure of the L3-type cavity with cut air
holes at the cavity edge. The dashed red circles represent initial
positions and profiles of the air holes in the PPC lattice. (b) The
electric field distributions (Ex and Ey) of the fundamental res-
onant mode with D0 ¼ 0.9r. (c) The Q factor, Vmode, Q∕Vmode,
and resonant wavelength of the fundamental resonant mode
versus D0.
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