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Theory of spontaneous parametric down-conversion from photonic crystals
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An effective-medium approach is used to derive a set of coupled-mode equations describing quadratic
parametric interactions in a one-dimensional inhomogeneous medium of finite length. The solutions for both
copropagating and counterpropagating interactions are used to study the quantum-mechanical process of spon-
taneous parametric down-conversi@PDQ. An example is studied in which the inhomogeneous medium is
a photonic crystal. The effect that device geometry has on both the efficiency and bandwidth of SPDC is
explored. With appropriate design, we find that it is possible not only to enhance the efficiency of SPDC, but
also to generate broadband copropagating and narrowband counterpropagating down-converted light. A setup
is proposed with the potential to act as a source of entangled photon pairs.
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I. INTRODUCTION realize effective nonlinear coupling coefficients larger than
) ) . any coupling coefficients available from homogeneous non-
In homogeneous, nonlinear media, efficient exchange ofinear media[13].
energy between interacting modes of the electromagnetic photonic crystals, structures with the aforementioned pe-
field is determined by the linear and nonlinear susceptibiliriodicity in the medium’s linear properties, were first con-
ties of the medium. Specifically, the material's permittivity ceived by Yablonovitch and JoHi4,15. Initial interest was
determines how “phase matched” is a given parametric prodirected toward determining how such structures could
cess, whereas the actual coupling of energy between thmodify the rate of an atom’s spontaneous emission or pro-
modes is a function of the material’s nonlinear polarizability.vide a means for localizing electromagnetic radiation. Cur-
In bulk nonlinear optics, the experimenter is ultimately con-rently, though, photonic crystals are on the verge of changing
strained by the linear and nonlinear properties available iflow one practices nonlinear optics. Instead of searching
existing media. handbooks in the hope of finding a homogeneous material
In an attempt to circumvent material constraints, muchWwith particular physical attributes, a device that possesses the
work has focused on the possibility of using periodic mediad€sired properties is engineered. _
to mediate nonlinear processes. The idea of using inhomoge- "€ enhancement of parametric interactions afforded by
neous media in nonlinear optics, though, is not new. ArmPPhotonic crystals has been relatively unexplored in the realm
stronget al. [1], Franken and Ward?], and Yariv[3] long of quantum nonlinear opticf9]. Specifically, the use of a

ago proposed the introduction of periodic structure into théoheﬂ?cn'dco%?éilnt\?egieod(:gtpeggeﬁgﬂfﬁzO;fsiﬂ?;fsqet%uigara'
linear and nonlinear material properties to aid in phasén

matchin arametric interactions. In particular eriodicexperimental quantum optics community. SPDC acts as a
9p ) P » P - “robust source of entangled photon pairs for a variety of ex-
gperiments, but unfortunately suffers from low conversion ef-

nonlinear processes has been coined quasiphase matChiIri‘(Qencies, on the order of 18 photon pairs per mode per

(QPM). QPM lhas been studied ir;]th_e cogtexfc of clfashsical andmp photor{16]. Sources of ultrabright entangled pairs are
quantum nonlinear opticgt—§). The introduction of the pe- ¢ o\, rent interest and photonic crystals could provide the

riodic, nonlinear modulation leads to both flexibility in phase means for realizing high-flux entangled photon souidss.

matching and also makes accessible a material’s largest NOR1so, the potential for a photonic crystal acting as a source of

linear coefficient. But, even though QPM can allow experi-y o 4hang entangled photons would be of interest in quan-
menters to access a material’s largest nonlinear coupling Qg gptical metrology techniques such as quantum optical
efficient, QPM s still constrained to the material’'s 'argeStcoherence tomograpHiL8]

av?nﬁble nolnllnear cloegﬁment. d dth iodi d In this paper we develop a general theory that describes
| It a? only rlgcenty een l[!n e]EStOO. t.aé perio ICI mg UsSppC from media with a one-dimensional spatial variation
ation of a nonlinear material’s refractive index can lead t0;, o jis Jinear and nonlinear dielectric functions. We then
enhanced conversion efficiencies in parametric process

917 B lecti £ th iodi s i %e this theory to examine the special case in which the
[9-12. By proper selection of the periodic structure’s linear . ariaps linear properties are periodic and its nonlinear

properties anq physi(.:a.I geometry, itis possible to achieye thﬁroperties are either periodic or homogeneous. We explore
phase matching flexibility of QPM while at the same tiMe he effect of the device’s geometry and material parameters
on both the conversion efficiency and spectrum of SPDC. By

manipulating these two controls, it is possible to engineer

*Email address: besaleh@bu.edu both the spectrum and overall conversion efficiency of
TURL: http:www.bu.edu/gil SPDC. We find that periodic structures simultaneously sup-
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port copropagating and counterpropagating down converepf?(z) can be calculated using the standard linear matrix
sion. transfer technique assuming a unit-amplitude field incident
from the left to right[21]. The effect of the material’'s non-
linear polarization is to permit exchange of energy between
the LTR-RTL complex envelopes of the field modes at dif-
ferent angular frequencies, provided energy conservation is
A semiclassical approach is sufficient for correctly calcu-not violated.
lating the efficiency of SPDC from homogeneous, nonlinear Recognizing that the dynamics governed by E41) oc-
media[19,20. The solutions of the coupled-mode equationscurs on two distinct length scales makes it possible to derive
governing three-wave mixing processes and knowledge dfoupled-mode equations governing general three-wave mix-
the quantum nature of the electromagnetic field, when coming processes in one-dimensional inhomogeneous media.
bined, yield the appropriate analytic expression for the SPDpecifically, we assume the effect of the nonlinear polariz-
conversion efficiency. However, it is assumed in the aforeability [the source term in Eq2.1)] is to modulate the so-
mentioned calculation that the medium’s linear and nonlinealution in Eq.(2.2) far more slowly than the rapid variation of
susceptibilities are homogeneous. If no assumption is mad&e linear solution itself10]. Physically, the parameters de-
about the spatial distribution of the linear and nonlinear susscribing the medium vary on a length scale comparable with
ceptibilities, then it is necessary to modify the usual threethe amplitude modulation of the linear solution, whereas the
wave mixing coupled-mode equations in a manner consisteryariation of each mode’s complex envelope due to nonlinear
with the inhomogeneous material properﬁes_ Coupling occurs over a much Iarger distance. This does not
For one-dimensional quadratic nonlinear interactions, thénean that the nonlinear coupling coefficient is small in mag-
following set of scalar Helmholtz equations govern all pos-hitude, but rather that significant energy exchange among the
sible interactions for three field modes with angular frequenimodes requires a length that is far greater than the variation
cies wp=ws*w;, Where the subscriptp, s, andi denote of the medium’s parameters. Introducing this physical intu-
pump, signal, and idler: ition into our mathematical equations requires the use of a
perturbation technique known as a multiple-scale expansion.

Il. SPDC FROM A ONE-DIMENSIONAL
INHOMOGENEOUS MEDIUM

& . wles(2) Eor 205d(2) EE As detailed by D’Aguannet al. [10], the multiple-scale
dZ c? ST c? 1P expansion leads to the following set of coupled mode equa-
tions for copropagating pump, signal, and idler modes of
*? (2 - 20%d(2) . the field in the undepleted pump approximati{)Agr)(z)
dA”
& w2 . —2w§d(z)E c 2.1 4y - JeKSAT (D),
dZ c? P c? s '
. L . (+)
In EqQ. (2.1), both the medium’s permittivitg and nonlinear dA - —jw»K-COAS)*(Z) (2.3
coupling coefficientd are functions of the positiom. Also, dz o ’ '
the subscripts on the permittivity allow for the possibility of here
material dispersion. w
Recently, a generalized coupled-mode theory has been de- KEo= ZOBCm"AEf)(O), m=s,i, (2.9
veloped to characterize one-dimensional quadratic, nonlinear
interactions of linearly polarized monochromatic plane-wave p(—,—)r(+,+) _ p(+,—>r(—,+)
fields in isotropic, dispersive linear gratings with arbitrarily Bro= —t—= m__m_ (2.5
deep index contragtl0]. The approach relies on decompos- detpy)
ing the steady-state solution of the linear Helmholtz equa- .
tion, within the grating, into a superposition of left-to-right i _ L Jjc o 9 B
(LTR) and right-to-left(RTL) propagating modes. The gen- Lol ™ = L\on/Jo Py (Z)dzq)m (@dz (nk) {+.-},
eral solution for the total fiel&,(z) at angular frequency,, 2.6
is '
En(d =AY @002 + A @@, m=sip, 1t e
M A S R i B 22 R J d?@0" @ (299} (2dz
. 0

whereAfo)(z) are the complex envelopes of the electric field (n,k) e {+,-}. (2.7

incident on the structure from the lef)/right(-) and
@ﬁ)(z) are the LTR/RTL mode functions. The functions

Here, j is the imaginary unitZ, is the impedance of free
space and. is the medium length. The superscript “co” sig-

nifies copropagating signal and idler modes. K@ coeffi-
Note that Ref.[7] addresses the case when only the nonlinearcients are effective, complex coupling coefficients since they

polarizability is periodic.

are functions of the generally complex LTR/RTL mode pro-
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files. Note the absence of an explicit function of the phase o p(s+>(|_) L2 o

mismatch between the interacting modes. The phase match- eft = PI(0) A J' Clw))dwy;, (2.13

ing conditions appear implicitly in the above coupled-mode p

equations through the effective, complex coupling coeffi-where we have made explicit the dependenc€gfon the

cientsK?. To ensure efficient parametric processéﬁ,) of  idler frequency. Only those idler noise photons that are com-

the field modes must overlap within the inhomogeneous memensurate with energy and momentum conservation contrib-

dium. ute to Eq.(2.13. Also, the spectral width of above integral’s
Equations(2.3) are the usual equations for a parametrickernel gives a measure of the signal mode’s bandwidth.

amplifier with a complex coupling coefficient. If we renor-  The generalized coupled-mode equatigRs3) describe

malize the field complex envelopes according aﬁg) the interaction of copropagating field modes. The generalized

:AE;)Bﬁ?/wm, then it is possible to symmetrize E.3).  coupled-mode theory also governs the dynamics for other
Specifically parametric processes. In particular, it is possible to derive an

expression analogous to E(.13 for counterpropagating

daf:) _ " signal and idler modes. The end result is
=-ig%a"" (2,
dz e POL L [ coume
counter_ _= u
. Tei = PI©O) A J C" w)dey,  (2.14
d + *
jz =-jg%al"" (2), (2.8)  whereC®"®'is the same as Eq2.11) except that
(=D (+ D=
—— S P e
whereg®= 1 w,w;Z5BSB°. The solution for the signal in the BgoUMer= ——= S—= (2.15
S : det(py)
absence of any idler input is
. e . Equationg2.13—2.15 provide the central results of this
al’(2) = - ja; " (0)sinh(g*2). (2.9 paper. The two relations provide expressions for the conver-

] ] sion efficiency and spectrum of both copropagating and
Atthe end of an inhomogeneous medium of lerigtassum-  counterpropagating SPDC from media with inhomogeneous
ing low gain(g°L <1), the powerPg in the signal mode will  jinear and nonlinear susceptibilities. Examination of Egs.
then be (2.13 and(2.14 makes clear that the kernel of each integral,

CIU"ef ;) or C(w;), determines both the efficiency and
Pi(*')(o)p:;)(o), (2.10  spectrum of SPDC. Specifically, the spectrum of SPDC can
be obtained by plotting the normalized integrand as a func-

tion of frequency. Next, if we sum the correctly weighted
where kernel across all frequencies, it is possible to quantify the
conversion efficiency for SPDC. Our specific interest will be

CO_ 5.3 2/pco2 Neftreal @5) in how |B%9? or [BS®“™¢[2 influences the spectrum and effi-

Cs 2770“’5 |Bs | . (2.19) . S S . . T .
Neft real i) Neff real wp) ciency of SPDC for a device with periodic linear material
] o . properties, a one-dimensional photonic crystal. SifB8?

Herenef eal wm) is the effective index defined for each of the an |BSU™e[2 are functions of both the photonic crystal's
interacting field modes and is the transverse crystal area. |inear mode profiles, as determined by the linear Helmholtz
To determinengy realwp), the effective dispersion relation, equation, and the distribution of the material nonlinearity,
we use knowledge of the inhomogeneous structue&ar  device geometry is an important consideration in designing a
input/output relation and construct an equivalent-length hophotonic crystal to mediate SPDC. Through appropriate se-
mogeneous medium sharing an identical input/output relafection of device geometry, it becomes possible to compen-
tion [22]. sate for the phase mismatch introduced by the material dis-
Focusing on single transverse-mode interactions, it is novpersion of the individual device layers and realize conversion
possible to derive an expression for the output signal powesfficiencies larger than would be expected from an equiva-
assuming that the only input idler power is the vacuum noisgent length medium with homogeneous linear and nonlinear

energy. It is here that we make the “quantum assumption” tgroperties.

derive an expression for the efficiency of SPDC. Specifically, Prior to presenting the results of the numerical simula-
the incremental output power, in the signal mode, due tajons, it is important to elucidate the distinction between us-
input pump power and a single quantum of energy in each Ghg a photonic crystal to mediate a classical, three-wave mix-

2 L?
PI(L) = CoO——
s ( ) s ﬁ(})i A

the idler modesl(P;/A)=1Xfiw; X dw;/ 27 is ing process and the process of SPDC. In classical nonlinear
5 optics, the energy-conservation constraint yieldinagleper-
L . . . . ~ . . .
(+)(] \ = (~CO_p(+) _ missible solution for a given three-wave interaction. Since
dPs (L) =G, A Po (0)dwi. (212 only three field modes are involved in the process, it is pos-

sible to design a photonic crystal such that the interacting
The conversion efficiency of pump photons into signal pho-field modes are tuned to peaks of transmission resonances
tons is determined by integrating E(R.12) over all idler  [23] at the edge of the photonic crystal's band gap. Physi-
frequencies cally this is desirable since the field mode’s energy then be-
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and that the structure has a transverse arelaurther, since
n,|n,|n,|n, n,|n, we assume the material properties are isotropic and all fields
propagate collinearly along the structure treats the TE and
—> ||| TM modes identically. Therefore, by focusing initially on
pump type-1 SPDC we do not lose any generality in our analysis.
Finally, for all studies, the pump mode is assumed to have a
‘T|T| . wavelength\ ;=845 nm.
i Specifically, we explore the effect device geometry has on
both the conversion efficiency per unit length and on the
FIG. 1. (a) Schematic of a one-dimensional photonic crystal. Spectrum for copropagating and counterpropagating, collin-
The layer of widtha has refractive index, and the layer of width ~ear SPDC. To study this influence, we designed two generic
b layer has refractive indem,. Also, n,=1 for all frequencies and photonic crystals. The first structuf8l) has layer widths of
we assumenp(wg;)=1.428 for signallidler frequencies, boj(wp) a=0.25um andb=0.35um, whereas the second structure
=1.519 for the pump frequency. The field is incident normal to the(S2) has layer widths 06=0.50 um andb=0.70 um. With
structure and has eithes™(TE) or “p” (TM) type polarizationA is  the layer widths fixed, we then calculated the conversion
the width of the structure’s unit cell and the overall device length isefficiency per unit length as a function of the number of
L=NA. In our study, we assume that the field is TE polarized.device periods\. For each structure, the 0-period case cor-
Initially, the nonlinearity is distributed only in the high index layers responds to a single, homogeneous high index layer of length
and has a value of 44 pm/V in these layers. 2.5um. The relevance of the 0-period case was to verify that
our theory yields the appropriate conversion efficiency when

comes strongly localized within the structure. Strong local-cOmpared with a homogeneous structure.
ization results in an enhancement of the energy exchange '" Fig- 2, the efficiency per unit length for both copropa-
among the modes, provided that the device geometry is s&2ting and counterpropagating SPDC is plotted $ar To
lected to compensate for material dispersion so that the ifd€termine the conversion efficiency we numerically inte-
teracting modes are phase matched. Mathematically, whegfated EGs(2.13 and(2.14) over all idler angular frequen-
the fields are tuned to band-edge resonances and the inhonfg€S: It should be emphasized that by plotting per unit length,
geneity is periodic, the significance of the coupling coeffi-t€ length dependence of the conversion efficiency is re-
cient|BX? is transparenf10]. It is a simple function of the moved.and it is possible to compare the perfor.mance of the
linear mode profiles and the nonlinear dielectric function. photonl_c crygtgl structure o a longer, bul!< nonllnea.r crystal.
The discussion provided above should be contrasted with"oM Fig- 2, itis apparent that by appropriate selection of the
that for the process of SPDC, the inverse process to sumumber of device period8l, the conversion efficiency of

frequency generation. For SPDC, the input of only a pumpSPDC can l_Je enhanced. In particu_lar, for devicefs with more
field mode leads to ainfinite number of signal and idler than 16 periods, the conversion efficiency per unit length for

mode solutions satisfying the constraint of energy conservaCPPropagating SPDC is increased compared to the homoge-
tion. Design of a photonic crystal to mediate the process of'€0US case. Also, for the case of counterpropagating SPDC,
SPDC becomes difficult since the total output SPDC energ§l® conversion efficiency is enhanced for all numbiref

is the result of a collective interaction of multiple signal andd€Vice periodsSl provided proof-of-principle that enhanced
idler frequency modes. For a given signal and idler pair, th&©nVersion efficiencies are possible from photonic-crystal
strength of their interaction depends both on how localizetructures designed with the appropriate number of device
each mode is within the structure and how the two downP€ricdsN. In Fig. 3, we have once again plotted the effi-
converted modes overlap with the pump mode. In calculatin%'ency per unit length for both copropagating and counter-
the overall conversion efficiency of pump power into down-ProPagating SPDC, but this time f&2. There are two inter-
converted photons, there is a tradeoff between the number &51iNg features in this figure. First, for copropagating SPDC,
contributing modes and how efficiently these modes contrib!N€re is an order-of-magnitude enhancement in the SPDC

ute to SPDC growth. Unfortunately, even though the mediunfonversion efficiency when compared with a homogeneous
is periodic,|BS? does not simplify mathematically and its nqnlmear crystal. By simply dqublmg Fhe mdmdual Igyer
interpretation is less obvious. In the following section weWidths ofSL, the SPDC conversion efficiency is dramatically
numerically investigate copropagating and counterpropagagiffécted. Second, in the counterpropagating case, we see that
ing SPDC from a one-dimensional photonic crystal. the conversion efﬁmency saturates and increasing the num-

ber of device periods has no further effect on the conversion
process.

To understand the origin of this observed enhancement, it
is instructive to examine the complex coupling coefficient
F(S”’k) [Eg. (2.7)]. F(S”’k) is a function of both the structure’s

In this section we analyze collinear copropagating anchonlinear susceptibility and the mode functions for the three
counterpropagating SPDC from a generic one-dimensionahteracting modes. It is a measure of the overlap of these four
photonic crystal. An illustration of the general device we possibly complex functions. It is necessary that the magni-
consider is presented in Fig. 1. The material parameters atede of the three mode profiles is commensurate within the
described in the caption. We assume that the material’'s lineastructure so that the potential exists for efficient energy ex-

x A and nonlinear properties are periodic along thdirection
* P ] prop p g

IIl. SPDC FROM A ONE-DIMENSIONAL PHOTONIC
CRYSTAL
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FIG. 2. SPDC efficiency per unit length vs number of device perddiom fixed widthsa=0.25 um/b=0.35 um photonic crystal for
(a) copropagating an¢b) counterpropagating SPDC. The dashed horizontal line represents the conversion efficiency from a single high-
index layer so that the nonlinear crystal is homogeneous. The photonic-crystal material properties are defined in Fig. 1.

change. This alone, though, does not guarantee increasethterial’s high-index layer§24]. Therefore, if the pump
conversion efficiency. Since there is no explicit phase-mode function is zero in the low-index layers, distributing
matching conditionl“(s”’k) must also ensure that the interact- the nonlinearity in these layers will not couple energy from
ing modes are in phase. If both the previous conditions arghe pump mode into the signal and idler modes.

satisfied, then it will be possible to mediate nonlinear pro- In the second part of this study, we examined the SPDC
cesses with a photonic crystal. For enhanced conversion e$pectrum from structureSl andS2. To determine the spec-
ficiencies, it is not only necessary for the previous conditiondrum, for both the copropagating and counterpropagating
to be met, but also that the interacting modes are stronglgases, we evaluated Eq2.13 and(2.14) over all angular
localized within the device. Localization depends on howfrequencies. In Fig. 4 we plot the results of this calculation
close a given mode’s frequency is to the edge of a band gafor both structures. It is clear that manipulation of the device
Finally, to understand the influence of the nonlinear distribu-geometry leads to marked differences in the spectral proper-
tion on this quantity, we repeated the efficiency calculationgdies of the down-converted photons. First, we see that by
reported above, but with a homogeneously distributed nonehanging the number of structure periods, it is possible to
linearity of d®=44 pm/V. This change had no effect on the realize both degenerate and nondegenerate copropagating
conversion efficiency. This result is not unexpected since, iand counterpropagating SPDC. In Figa@ the spectrum is
both structures considered, the pump mode is tuned to thghown for a nine-periodsl photonic crystal that exhibits
low-frequency side of a band gap. It is well known that field enhanced conversion efficiency when compared to a homo-
modes tuned to the low edge of a band gap localize in thgeneous nonlinear crystal. The full width at half maximum
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FIG. 3. SPDC efficiency per unit length vs number of device perfdd®m fixed widthsa=0.5 um/b=0.7 um photonic crystal fo(a)
copropagating an¢b) counterpropagating SPDC. The dashed horizontal line represents the conversion efficiency from a single high-index
layer so that the nonlinear crystal is homogeneous. The photonic-crystal material properties are defined in Fig. 1.
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FIG. 4. SPDC spectrum vs frequency normalized to the half the pump mode frequeriay dopropagating SPDC from a nine-period
photonic crystal witha=0.25um/b=0.35um, (b) counterpropagating SPDC from a 20-period photonic crystal &it0.25um/b
=0.35um; and(c) copropagating, an@d) counterpropagating SPDC from a 50-period photonic crystal @itf.5 um/b=0.7 um. The
photonic-crystal material properties are defined in Fig. 1.

(FWHM) bandwidth for SPDC in this copropagating case iswith an inhomogeneous linear and nonlinear dielectric func-
1.14 ym. One may argue that the reason for such a broadon. In Sec. lll, we constrained the inhomogeneity to be
spectrum is the length &1. But, the point is that it may be periodic and discovered that a photonic crystal simulta-
possible to take advantage of the enhanced conversion efireously supports down conversion into copropagating and
ciency from a photonic crystal and engineer short structuregounterpropagating signal and idler modes. We showed how
to mediate broadband SPDC at least as efficiently as in the device geometry and material parameters directly influ-
homogeneous nonlinear crystal. ence the efficiency and spectrum of the conversion process.
The spectral and spatial features of the counterpropagaFhrough appropriate design, it is possible to not only achieve
ing SPDC fromS2, displayed in Fig. &), would be of in-  enhanced conversion efficiencies, but also to produce degen-
terest for quantum information processing tasks such asrate and nondegenerate SPDC with interesting spectral
cryptography. With a FWHM bandwidth of 15 nm, the coun- properties.
terpropagating down-converted photons would be in an en- Recently, there has been much interest within the
tangled quantum state. Specifically, by distinguishing benonlinear-optics community in using periodically polg?P
tween the forward and backward spatial modg®,would  materials as a source of SPD&-§]. It is important to com-
generate discrete frequency entanglement. pare the use of PP structures with photonic-crystal devices as
It is clear that if one wishes to use a photonic crystal todescribed here. First, a PP structure is a device that has a
mediate SPDC, care must be taken in device design. We hayseriodic nonlinear susceptibility. The length scale of the pe-
given generic examples of how a photonic crystal’'s geometryiodicity is selected depending on the nonlinear process that
and material properties directly influence collinear, copropaone is trying to phase match. In particular, a PP nonlinear
gating, and counterpropagating SPDC conversion efficiencgrystal provides more flexibility in phase matching paramet-
and spectrum. If the device geometry is chosen such that théc interactions in comparison to bulk crystals, but the con-
interacting modes overlap in phase within the structure, it issersion efficiency of such interactions is ultimately con-
possible to overcome the intrinsic device-material dispersiostrained by the magnitude of the unpoled crystal's nonlinear
and realize enhanced SPDC conversion efficiencies. At theoefficient. Also, the types of interactions supported by PP
same time as we observe enhanced efficiency, it is possibl@aterials are very much influenced by the material properties
to generate both broadband and narrowband SPDC. In pagf the unpoled crystal. From the discussion provided here, it
ticular, we designed a structure that could generate discreig clear that periodically poling a material allows one to ex-
frequency entanglement. tend the range of operation of the underlying bulk nonlinear
crystal.
In contrast, as we have seen, it is possible to utilize a
In Sec. Il, we developed a general theory to describghotonic crystal not only to enhance the conversion efficien-
spontaneous parametric down conversion from a mediurgies of SPDC, but also to phase match various types of non-

IV. SUMMARY AND CONCLUSIONS
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linear interactions. The function of a photonic crystal in me-embedding the photonic-crystal structure in a wave guide
diating SPDC is very much dependent on geometric devicavould allow the transverse spatial profile of the field mode to
properties such as individual layer widths and the number obe manipulated. The use of a photonic crystal, in conjunction
device periods. The relationship between the underlyingvith a wave guiding structure, would give an experimenter
crystal’s material properties and the periodic photonic crystatotal control over the spatial and spectral features of the
is not as clear as it is with the PP structures. In fact, by usinglown-converted photons, as well as the ability to achieve
photonic crystals, experimenters are no longer ultimatelyenhanced overall conversion efficiencies not available in
constrained by the underlying bulk crystal material proper-ulk nonlinear crystals.
ties, but only by their ingenuity in device design.
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