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Opening Credits

Some transparencies have been provided by courtesy of 

Background: photonic bandgap (PBG)

• Terminology coming from photonics area
• Acronym PBG is already established
• Well accepted terminology for the EM application: EBG = Electromagnetic BandGap 
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2D/1D Micro Cavity Laser Photonic Crystal Fiber
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Background: photonic bandgap (PBG)
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Dielectric Lattice with Complete Three-
Dimensional Electromagnetic Stop Band 
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A particular class of EBG: artificial surface

2. Realizing a “perfectly magnetic” equivalent ground plane
(H-tangent =0, E-tangent = 0) 

Surface wave propagation

vphase<c
Attenuation in normal direction

1.  Realizing a frequency bandwith for wich the SW is totally inhibited

Objectives:

3. Realizing a “hard” surface
(H-tangent =0, E-tangent = 0) 

4. Realizing a “soft” surface
(H-tangent =0, E-tangent = 0) 
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TM-z (TM-x) mode 

Parallel plate waveguide propagation 
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Surface waves on coated or corrugated Metal Surfaces

Parallel-plate with dielectric filled Corrugations

Parallel-plate with a dielectric-Coated Surface

FSS used as Perfectly magnetic conductors

Gangbuster surface

“Uniplanar compact PBG” (UP-PBG)

“Sievenpiper surface”

Sievenpiper artificial Surfaces

Origin of the 
capacitance and 
inductance
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Equivalent circuit

Surface impedance

Courtesy of 

Bandgap measurements

TM
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Sievenpiper surface: Bandgap measurements

Courtesy of D. Sievnpiper - © 2003 HRL Laboratories LLC
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Sievenpiper surface: reflection coefficient measurements Capacitive Loading

Two Layer Surface Three Layer Surface

Capacitive loading reduces the resonance frequency for a given thickness.
However, the bandwidth is also reduced.

From D. Sievnpiper - © 2003 HRL Laboratories LLC

Interdigital Capacitor (ICAP) AMCs
(From Mc Kenzie)
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Examples of Three Layer Structures

Triangular Lattice Hexagonal Lattice

With Hidden Layer Without Hidden Layer Lower Symmetry

Triangular

Square

From D. Sievnpiper - © 2003 HRL Laboratories LLC

Vertical dipole Effect of Textured Surface on Radiation Patterns

Flat Metal Ground Plane Textured Ground Plane
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Horizontal dipole Monopole Antenna on Flat or Textured Ground Plane

Flat Metal Ground Plane Textured Ground Plane

A textured ground plane can suppress or enhance radiation below the horizon.

Horizontal Wire on Flat or Textured Ground Plane manufacturing (McKenzie,2001)

Shielding to Prevent Microwave Absorption

Dipole in free space Dipole near water Shielded dipole near water

Shielding surface must be roughly 1/3 wavelength in diameter. 

Size and cost are prohibitive for modern cellular phones. 

From D. Sievnpiper - © 2003 HRL Laboratories LLC

Smooth, nearly equal 
patterns in E and H planes.

Rippled patterns, unequal 
weight in each plane.

From D. Sievnpiper - © 2003 HRL Laboratories LLC

Patch Antenna on Flat or Textured Ground Plane
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Patch Antenna on Flat or Textured Ground Plane

Patch resonance frequency is detuned by surface texture.  

No texture beneath 
patch, only around it.  

From D. Sievnpiper - © 2003 HRL Laboratories LLC

Motivation: 

•suppression of surface waves
•improvement of directivity
• improvement of gain 
• reduction of coupling

LOW COST TECHNOLOGY

Patch antennas on artificial periodic surfaces
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Quasi TEM mode:  HARD-wall waveguide
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Sievenpiper surface for realizing “soft”waveguide
(discussed later)


