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Periodic structures
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Periodic structures
EM wave propagation in periodic structures.  Also called 

photonic band gaps

photonic crystals

metamaterials

corrugated waveguides/surfaces

soft/hard surfaces

Microwave applications:

- miniaturised waveguides

- antennas

-
- couplers

- phase shifters

- slow wave structures etc.
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Course info
Exam on January 16

Info. in ”studieportalen”
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Items allowed at the exam

This is an open book exam. The following is 
allowed:

Calculator (approved by Chalmers)

 ”Microwave Engineering” by D.M. Pozar

Mathematics handbook (Beta)

Smith charts
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Examination MCC121 - 7.5 hec

List of compulsory tasks:

Lab 1-3 : Pass/Not passed

Assignment: 10p (Pass ≥4p)

Written exam: 6x10p=60p (Pass ≥24p)

Total number of points: 70p. Note! Bonus from 

You need to pass each task described above

Final grades: 3 (≥28p), 4(≥42p) and 5 (≥56p)
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Outline
Course info

Periodic structures (8.1)

Wave propagation in periodic structures

Slow wave structures

Bloch waves

Brillouin diagram (k-ß )

Photonic crystals (1D, 2D and 3D)

Summary of the course, questions
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Maxwell’s equations

Gauss’s law

Faraday’s law

Ampere’s law with Maxwell’s correction
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Assume no sources:

Cross section or electrical properties do 
not vary along z-axis (axial uniformity)

Separable: assume solution f(z)g(x,y)

Helmholtz equation
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Telegrapher’s equations

∂2V
∂z2

−γ 2V = 0

∂2I
∂z2

−γ 2I = 0

γ =α + jβ = R+ jωL( ) G + jωC( )

∂v(z, t)
∂z

= −Ri(z, t)− L ∂i(z, t)
∂t

∂i(z, t)
∂z

= −Gv(z, t)−C ∂v(z, t)
∂t

TD FD

Wave equations
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Electron beam + Wave 
interaction

Traveling wave tubes

Interaction between 
electron beam and 
electromagnetic wave 

only if equal phase 
velocities
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Slow wave structures

Increasing dielectric constant or Increase capacitance per 
unit length => reduced cross section, higher order modes

Solution: add shunt capacitor periodic intervals

If spacing small compared to wavelength, it may be 
considered as an electrically smooth line, with a higher 
capacitance per unit length (without affecting the series 
inductance) 

vp =
1
LC

=
1

µoεrεo
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Periodic structures
MCC121_2014_lecture_11.key - 9 december 2014



MCC121 / J. Stake

Unit cell
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Summary EQs
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Unit cell

Lossless

Bloch wave
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Periodically loaded line

Exhibits either stopbands or passpands 
depending on frequency and normalised 
susceptance. 

 waves

Filter characteristic
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Terminated periodic structures

need a transformer 
between the periodically 
line and the load

Γ =
ZL − ZB

ZL + ZB
ZB =

±BZ0
A2 −1

where
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Brillouin diagram

Propagation constant, ß, 
versus the propagation 
constant of the unloaded 
line, k. Or k-ß diagram
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Wave velocities

Phase velocity

Group velocity

vp =
ω
β
= c k

β

vg =
dβ
dω
!

"
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= c dk
dβ
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k-ß diagram
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Ex) capacitively loaded line

Zo=50
C0=2.67pF

d=1cm
f=3GHz
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Bloch waves

Acoustics (elastic waves)

Electrons in a crystal

EM waves / Light (photons)

MCC121_2014_lecture_11.key - 9 december 2014



MCC121 / J. Stake

Periodic structures or photonic 
crystals

Analogy with electrons in a crystal

Forbidden frequencies or wavelengths = 
photonic bandgap (PBG)

Appear in nature...
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1D, 2D and 3D
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Slow wave structure

passband-stopband responses
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Nonlinear transmission lines
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High impedance metallic 
surface!

D. Sievenpiper, L. Zhang, R. F. J. Broas, N. G. 
Alexopolous, and E. Yablonovitch, “High-

impedance electromagnetic surfaces with 
a forbidden frequency band,” IEEE 

Transactions on Microwave Theory and 
Techniques, vol. 47, no. 11, pp. 2059–2074, 

1999.
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Antenna applications

Reduce 
side 
lobes

Reduce 
substrate 
loss

P. de Maagt, R. Gonzalo, Y. C. Vardaxoglou, and J. M. Baracco, “Electromagnetic bandgap antennas and components for microwave 
and (sub)millimeter wave applications,” IEEE Transactions on Antennas and Propagation, vol. 51, no. 10, pp. 2667–2677, Oct. 2003.
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Summary of lecture 12

Read chapter 8.1 (periodic structures).

Slow waves

Bloch waves

Forbidden frequencies / photonic 
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Further reading

C. Elachi, “Waves in active and passive 
periodic structures:  A review,” in 
Proceedings of the IEEE, 1976, vol. 64, no. 
12, pp. 1666–1698.
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Extra
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Aim

of thinking, 
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Microwave way of thinking

short wavelengths -> same order of 
magnitude as the circuit elements and 
devices employed

jump between EM / Equivalent circuits

calculates everything in dB

and like to use Smith charts for almost 
everything
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short wavelength gives propagation time 
comparable with the period of the 
propagating wave

Kirchhoff’s laws are not applicable, standard 
voltage-current   concepts are no longer 

Frequency Type of components
f<1 GHz lumped (≲λ/10)
f >1  GHz distributed
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Questions?
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Future...

Master thesis - Contact academic staff for 
the latest information and possible projects

Course selection for a future career within 
THz science and technology

‣ THz track: http://www.chalmers.se/mc2/EN/laboratories/thz-
millimetre-wave/education/thz-track 
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