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PHOTONIC BAND GAP DEVICE AND METHOD 
USING A PERIODICITY DEFECT REGION DOPED 

WITH A GAIN MEDIUM TO INCREASE 
PHOTONIC SIGNAL DELAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application claims priority to and is 
entitled to the bene?t of US. Provisional Patent Appl. No. 
60/134,536, ?led May 17, 1999, and US. Nonprovisional 
patent application Ser. No. 09/572,290, ?led May 17, 2000, 
noW alloWed, entitled “Photonic Band Gap Device and 
Method Using a Periodicity Defect Region Doped With a 
Gain Medium to Increase Photonic Signal Delay.” These 
applications are incorporated herein by reference in their 
entireties. 

FEDERALLY SPONSORED RESEARCH AND 
DEVELOPMENT 

[0002] This invention Was made With Government support 
under Contract DAAHO1-96-R234 aWarded by the US. 
Army Missile Command. The Government has certain rights 
in the invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to optical communi 
cations and optical signal control. In particular, the present 
invention relates to an optical device and method for delay 
ing photonic signals. 

[0005] 2. Related Art 

[0006] The ?elds of communications and data processing 
are currently transitioning from using electrical signals to 
using optical signals. As a result, there is an increased need 
for optical devices that perform various tasks in the control 
of these optical signals. Such devices include delay blocks 
for synchroniZing optical pulses for communications. The 
synchroniZation of optical pulses requires the use of con 
trollable delay devices Which do not signi?cantly distort the 
optical beam as it passes through the device. In particular, 
robust, compact, lightWeight delay devices for use With a 
variety of predetermined optical frequencies must be devel 
oped to be easily integrated into existing optical systems. 

[0007] One method of creating a loW distortion, control 
lable photonic delay is through the use of “uniform” pho 
tonic band gap (PBG) structures, also called band-edge 
delay line devices. Uniform PBG structures typically com 
prise a stack of alternating layers of refractive materials of 
similar thicknesses, such as gallium arsenide and aluminum 
arsenide, Which exhibit photonic band gaps in their trans 
mission spectra. These alternating layers have different 
indices of refraction and can be deposited by Well knoWn 
deposition techniques onto a substrate. 

[0008] By sending a photonic signal of a given frequency 
(00)) through this type of delay device, the discontinuity of 
the indices of refraction imparts a delay to the photonic 
signal. These devices sloW doWn the photonic signal as a 
result of scattering inside the uniform PBG structure. Since 
the photonic delay is proportional to the square of the 
number of periods contained in the uniform PBG structure, 
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a device can be constructed that imparts a predetermined 
delay to a photonic signal. The physical processes involved 
in the photonic signal delay imparted by a uniform PBG 
structure are described in detail in Scalora, et al., “Ultrashort 
pulse propagation at the photonic band edge: large tunable 
group delay With minimal distortion and loss,” Phys. Rev. E 
Rapid Comm. 54(2), R1078-R1081 (August 1996), Which is 
incorporated by reference herein. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention generally relates to a device 
and method of creating an optical signal delay using a 
compact and readily manufacturable structure. In particular, 
the present invention interposes a periodicity defect region 
into a uniform photonic band gap (PBG) structure in order 
to generate a transmission resonance spike of very narroW 
bandWidth at or near the center of the photonic band gap of 
the structure. The introduction of this periodicity defect 
causes at least an order of magnitude greater photonic signal 
delay duration than for a uniform PBG device of similar 
size. 

[0010] According to one embodiment of the present inven 
tion, a Fabry-Perot delay line device is provided for delaying 
photonic signals of a predetermined frequency and a prede 
termined bandWidth by a predetermined delay. The Fabry 
Perot delay line device includes a ?rst region of periodically 
alternating layers of refractive materials Which exhibit a 
photonic band gap structure, a second region of periodically 
alternating layers of refractive materials Which also exhibit 
a photonic band gap structure, and a periodicity defect 
region interposed betWeen the ?rst and second alternating 
layer regions. The ?rst region of periodically alternating 
layers of refractive materials comprises one or more ?rst 
refractive material layers having a ?rst thickness and a ?rst 
index of refraction, and one or more second refractive 
material layers having a second thickness and a second 
index of refraction. The second region of periodically alter 
nating layers of refractive materials comprises one or more 
third refractive material layers and one or more fourth 
refractive material layers. The third refractive material layer 
has a thickness and an index of refraction similar to or 
identical to the ?rst refractive material layer of the ?rst 
alternating layer region. The fourth refractive material layer 
has a thickness and an index of refraction similar to or 
identical to the second refractive material layer of the ?rst 
alternating layer region. The interposed periodicity defect 
region has a different thickness than either the ?rst or second 
thickness of the alternating layers of refractive materials in 
the ?rst and second alternating layer regions. Additionally, 
the periodicity defect region can have a third index of 
refraction and a photonic transmission resonance, Which are 
predetermined along With thickness to impart predetermined 
delay to the photonic signals that pass therethrough. 

[0011] According to one feature of the present invention, 
the transmission resonance due to the interposition of this 
periodicity defect region is located in the center of the 
photonic band gap. Further, the transmission resonance 
corresponds to the predetermined frequency of the photonic 
signal traveling through the Fabry-Perot delay line device. 

[0012] According to a preferred embodiment of the 
present invention, the Fabry-Perot delay line device is 
constructed on a semiconductor substrate using semicon 




















