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I sonators, an Photonic crysta s, re 
d cavity optornernd111'-., 

b (k .) is imaginary. The Bloch wav 
. al venum ers z; . . evec 

•f one of the Jongitudin wa d _ n;r/2. For a given direction of p tor 
even 1 . d by kaI - . . ropa 
at the band edges is determine cy regions for which propagation throu h ga. 

k 
finds frequen . . "nhi g th 

tion characterized by II one . for which propagation is I bited. Bo e 
. d f uency reg10ns . . Wev crystal is possible an reg . omnlete bandgap, 1.e. there are no frequ er, 

. . al tal there is no c r . enci 
for a one-dimens10n crys . . . all directions. If a wave propagatmg in vac es 

· · ·nh1b1ted m uu111 · 
for which propagat10n is I h only modes with k11 smaller than k == I 

1
s 

h 
· crystal t en w c c 

directed onto the P otomc . ' . di'cated in Fig. 11.3 and one can find c an 
. light-Imes are 10 

0
rnp1 be excited. The vacuum . k k For these frequencies the photo · ete 

· 'd the region II < · Ille cry 
~requency b~dgaps ms~di~ t· nal reflector), which is technically exploited e.g. for I Stal 
1s a perfect m1rror ( omm rec 10 aser 
high-reflectors. . . . . 

A 1 b d 
•s possi'ble in three-d1rnens10nal photomc crystals. It 1s favorabl 

comp ete an gap 1 . e if 

th d
. 

1 
. t t f the medi'a differ by a large amount. The volume ratio betwee 

e 1e ectnc cons an s o . . . n the 
two media is also important. Unfortunately, the solutwns for two-dimenSional and thr . 1 b ee. 
dimensional photonic crystals cannot be found by analytica means, ut efficient numerical 

techniques have been developed over the past few years. 
In semiconductors, the valence band corresponds to the topmost filled energy banct 

for which electrons stay bound to the ion cores. If electrons are excited into the next 
higher band, which is called the conduction band, they become delocalized and cond UC-

tion through the crystal strongly increases. The situation is similar for photonic crystals: the 
band below a bandgap is referred to as the dielectric band and the band above the band 
as the air band. In the dielectric band, the optical energy is confined inside the mate~?i 

0.5 

TM modes 

0 '.33-22-11-~o~~l:---~~:~E~m~o~d3~es~ 

The band diagram for a one d' . k11 d - 1mens1onal phot • represents both TE and TM m d omc crystal. The shaded 
are no frequencies for wh. h o es. For a one-dimensional phot . areas are the allowed bands. The diagram 
(lnSb) ,c propagation is inhibited in all d. on1C crystal, there are no complete bandgaps i.e. L 

. irections Val ' · ues used: t:1 = 2.33 (Si02) and s2 == 1 i 


