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UNCONVENTIONAL OPTICS 

Photonic-Crystal Planar 
Antennas 
By E. R. Brown and C. D. Parker, MIT Lincoln Laboratory, 
Lexington, Mass., and E. Yablonovitch, Bellcore, Red Bank, N.J. 

Periodic dielectric structures have recently generated great 
interest because they can exhibit a forbidden range of fre
quencies, or photonic band gap, in the electromagnetic dis
persion relation. 1 In v iew of this property, these structures 
are called photonic crystals. They are we l l suited to electro
magnetic-propagation and radiation-control applications, 
analogous to the current-transport and charge-control app l i 
cations of semiconductors. A n application that has recently 
been demonstrated at L inco ln Laboratory is the photonic-
crystal planar antenna. 

Planar antennas have long been investigated for cou
p l ing microwave, mil l imeter-wave, and submil l imeter-wave 
radiation to integrated circuits on dielectric substrates. H o w 
ever, these antennas have generally displayed a low cou
p l i ng eff iciency to free space w h e n the substrate is a 
semiconductor. The diff iculty arises f rom the fundamental 
electromagnetic behavior of a conductor ly ing at an interface 
between air and a dielectric having a high permittivity є. 2 In 
this case, a narrow conducting element, such as a dipole, 
radiates approximately є 3 / 2 more power into the substrate 
than into the air . For example , a d ipo le antenna on 
semiinsulating G a A s (є 13) radiates only about 2% of its 
power into the air. A n intr iguing way to solve this problem 
is to make the substrate out of a photonic crystal. If the 
dr iv ing frequency of the antenna lies wi th in the photonic 
band gap, one expects that the radiation w i l l be expelled 
f rom the substrate and forced into the free-space hemisphere 
above it. 

To test this concept experimentally, a planar bow-tie 
antenna was fabricated on the (111) surface of a photonic 
crystal. This crystal has the face-centered-cubic structure 
w i th a lattice constant of 7.8 m m . It was fabricated at Bel l 
Communicat ions Research 3 by dr i l l ing holes in an epoxy-
based dielectric having є 12 i n the microwave region. 4 The 
photonic band gap of this crystal lies between 13 and 16 
G H z , and the antenna patterns were measured at 13.2 G H z , 
just above the lower band edge. The result ing E- and H -
plane antenna patterns are shown in Parts (a) and (b) of the 
figure. The radiated power i n both planes is confined pre
dominantly to the air side of the antenna, as desired. To 
show the benefit of the photonic crystal, measurements were 
also made on an identical bow-tie antenna fabricated on a 
uni form dielectric substrate hav ing the same permitt ivi ty as 
the sol id port ion of the photonic crystal. The patterns are 
depicted i n Parts (c) and (d). A s expected, very little power 
is radiated into the air side. 

These results imp ly that other, more practical, planar 
antennas such as dipoles, slots, and spirals may have very 

desirable radiat ion-coupl ing properties when fabricated on 
the common III-V semiconductor substrate materials, G a A s 
and InP (є 12). This wou ld enable monoli thic integrated 
circuits containing both the antenna and high-frequency elec
tronic components on the same substrate. In this way, the 
photonic-crystal planar antenna can provide superior per
formance and integration density over alternate antennas 
made by hybr id or waveguide techniques. 
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(a) Radiation pattern at 13.2 GHz measured over 360° in 
the E plane For the bow-tie antenna on a photonic-crystal 
substrate (the radial scale is linear in power); (b)Radiation 
pattern measured in the H plane under the same conditions 
as in (a); (c) Radiation pattern at 13.2 GHz measured over 
360° in the E plane for the bow-lie antenna on a uniform 
dielectric substrate; (d) Radiation pattern measured in the H 
plane under the same conditions as in (c). 
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