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   Photonic crystals (PhCs), which are the optical analog of the conventional crystals, are 
increasingly attractive because of their potential applications in controll ing the flow of 
electromagnetic (EM) waves in telecommunication and devices. Although they are very 
potential, the energy-loss due to the intrinsic properties and fabrication l imits the further 
development of photonic devices. To overcome this problem, the cross field of “topology” 
and PhCs come into play. This mathematical concept is used to distinguish the geometry 
latt ice by the topological phase based on whether the wavefunctions can be continuously 
deformed into each other. It is well-known that wave propagation in periodic media wil l  form 
the band structure, which is the representation of the allowed or forbidden energy levels of 
waves. This concept is originally built for Hermitian systems, which follows the energy 
conservation law. However, in the real world, the energy-loss happens very easily due to the 
leaking of wave into the environment, leading to the non-Hermitian systems. It is already 
known that the non-Hermitian systems can offer propagation modes with either real or 
complex eigenvalues. Moreover, a typical property of a non-Hermitian matrix is that the left 
and right eigenvectors are completely different. Therefore, the topological band theory for 
non-Hermitian systems may expose some interesting phenomena distinct from the original 
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band theory. The aim of this research is to theoretically design a 2D photonic system which 
exhibit non-Hermitian topological properties, examine novel non-Hermitian effects and 
determine non-Hermitian topological invariants. Our studies are very essential and put a 
step to experimentally realize non-Hermitian effects. 

 
F i g u r e  1 :  ( a )  A  s c h e m a t i c  o f  a  u n i t  c e l l  o f  a  2 D  n o n - H e r m i t i a n  P h C  m a d e  o f  m a g n e t o - o p t i c a l  
m a t e r i a l ,  w h i c h  i s  i n  b r o k e n  o f  m i r r o r  s y m m e t r y .  ( b )  k - d e p e n d e n t  d i s p e r s i o n  o f  r e a l  p a r t  o f  
e i g e n f r e q u e n c i e s ,  s h o w i n g  a  c o m p l e t e  b a n d  g a p  b e t w e e n  t h e  f i r s t  a n d  t h e  s e c o n d  b a n d s .  ( c )  
P h o t o n i c  d i s p e r s i o n  i n  t h e  c o m p l e x  p l a n e  f o r  t h e  i n f i n i t e  s t r u c t u r e  ( b l a c k )  a n d  r i b b o n  s t r u c t u r e  
( r e d )  a t  𝑎!𝑘" = 	−0.5p .  T h e  g r e e n  a r r o w s  d e n o t e  t h e  w i n d i n g  d i r e c t i o n  ( c l o c k w i s e  o r  

a n t i - c l o c k w i s e )  w h e n  k x  i s  v a r i e d  f r o m  − π / a 0  t o  π / a 0 .  N u m b e r  1  a n d  2  i n d i c a t e  b a n d  i n d i c e s . T h e  
l o w e r  p a n e l s  a r e  f i e l d  p r o f i l e  o f  t h e  s t a t e s  l a b e l e d  b y  g r e e n  s t a r s  i n  t h e  c o r r e s p o n d i n g  b a n d  
s t r u c t u r e s .  T h e  s t a t e s  e n c l o s e d  b y  t h e  p o i n t  g a p  e x h i b i t  s k i n  e f f e c t ,  w h e r e  E M  w a v e s  a r e  h i g h l y  
l o c a l i z e d  a t  t h e  b o u n d a r i e s  o f  s t r u c t u r e s .  ( d )  P h o t o n i c  d i s p e r s i o n  i n  t h e  c o m p l e x  p l a n e  o f  t h e  
f i n i t e  s t r u c t u r e  ( r e d )  a n d  s e m i - i n f i n i t e  ( b l a c k ) .  T h e  i n s e t  s h o w s  e n l a r g e d  f i g u r e  o f  t h e  r e g i o n  
e n c l o s e d  b y  t h e  b l u e  d o t  l i n e .  T h e  t o p o l o g i c a l  e d g e  s t a t e s  f o r m  l o o p  i n  c o m p l e x  p l a n e  a n d  

e n c l o s e s  t h e  c o m p l e x  e i g e n f r e q u e n c i e s  o f  t h e  c o r n e r  s k i n  m o d e s .  ( e )  F i e l d  p r o f i l e  o f  t h e  c o r n e r  
s k i n  m o d e s  l a b e l e d  b y  t h e  s t a r s  i n  ( d )  a n d  t h e  e x t e n d e d  t o p o l o g i c a l  e d g e  s t a t e s  l a b e l e d  b y  t h e  
m a g e n t a  c i r c l e  i n  ( d ) .  

 
   Based on the theoretical background, w e  h a v e  t h e o r e t i c a l l y  d e s i g n e d  a  2 D  
n o n - H e r m i t i a n  P h C  a n d  n u m e r i c a l l y  i n v e s t i g a t e d  t h e  s k i n  e f f e c t  a n d  t o p o l o g i c a l  
s t a t e s  o f  e l e c t r o m a g n e t i c  w a v e s .  O w i n g  t o  t h e  a b s e n c e  o f  i n v e r s i o n  a n d  m i r r o r  
s y m m e t r i e s  a s  w e l l  a s  b r o k e n  r e c i p r o c i t y ,  c o m p l e x  e i g e n f r e q u e n c i e s  e x h i b i t  
p o i n t  g a p s  i n  t h e  c o m p l e x  p l a n e ,  w h i c h  p r o t e c t  t h e  e m e r g e n c e  o f  t h e  
n o n - H e r m i t i a n  s k i n  e f f e c t  a t  t h e  e d g e s  o f  t r u n c a t e d  s t r u c t u r e s .  F u r t h e r m o r e ,  w e  
d e m o n s t r a t e d  t h a t  t o p o l o g i c a l  e d g e  s t a t e s  a r i s i n g  f r o m  a  n o n z e r o  C h e r n  n u m b e r  
a l s o  f o r m  p o i n t  g a p s  i n  t h e i r  c o m p l e x  e i g e n f r e q u e n c y  s p e c t r a .  T h e s e  p o i n t  g a p s  
g i v e  r i s e  t o  a  s e c o n d - o r d e r  n o n - H e r m i t i a n  s k i n  e f f e c t ,  w h e r e  e l e c t r o m a g n e t i c  
w a v e s  b e c o m e  l o c a l i z e d  a t  t h e  c o r n e r s  o f  f i n i t e  s t r u c t u r e s .  U n l i k e  c o n v e n t i o n a l  
t o p o l o g i c a l  e d g e  o r  c o r n e r  s t a t e s ,  t h e  s k i n  m o d e s  a p p e a r  o v e r  a  b r o a d  f r e q u e n c y  
r a n g e  a n d  s c a l e  w i t h  s y s t e m  s i z e .  W e  c o n f i r m  t h a t  t h e  e m e r g e n c e  o f  a  p o i n t  g a p  
i n  t h e  e d g e - s t a t e  s p e c t r u m  i s  t h e  c o n d i t i o n  f o r  t h e  c o r n e r  s k i n  e f f e c t ,  a s  d o u b l e  
t r u n c a t i o n  c a u s e s  t h e s e  e d g e  s t a t e s  t o  c o l l a p s e  a n d  a c c u m u l a t e  a t  t h e  c o r n e r .  
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O u r  r e s u l t s  p r o v i d e  a  r e a l i s t i c  p h o t o n i c  p l a t f o r m  f o r  e x p l o r i n g  h i g h e r - o r d e r  
n o n - H e r m i t i a n  t o p o l o g y  a n d  m a y  s t i m u l a t e  f u t u r e  e x p e r i m e n t a l  s t u d i e s .  
   B e s i d e  t h e  s t u d y  o f  n o n - H e r m i t i a n  P h C ,  w e  a l s o  p a r a l l e l l y  p r o v i d e  t h e  t h e o r y  
a n d  s i m u l a t i o n  f o r  t h e  o b s e r v a t i o n  o f  h i n g e  m o d e s  i n  3 D  w o o d p i l e  P h C .  

 
F i g u r e  2 :  ( a )  S c h e m a t i c  d i a g r a m  o f  a  s u p e r c e l l .  T o p o l o g i c a l  i n v a r i a n t s  a r e  d i f f e r e n t  i n  t h e  

m a g e n t a  a n d  c y a n  c o l o r e d  r e g i o n .  H i n g e  s t a t e s  a p p e a r  i n  t h e  r e d - d o t t e d  s q u a r e ,  w h e r e a s  t h e y  

a r e  a b s e n t  i n  t h e  b l u e - d o t t e d s q u a r e .  ( b ) N u m e r i c a l l y  o b t a i n e d  p h o t o n i c  b a n d  s t r u c t u r e  f o r  t h e  

s u p e r c e l l  i n  ( a ) .  ( c )  N u m e r i c a l l y  o b t a i n e d  s p a c i a l  d i s t r i b u t i o n  o f  |𝐻 | 2  a t  a  n o r m a l i z e d  f r e q u e n c y  

o f  0 . 5 2 6 .   
   F o l l o w i n g  o u r  p r e v i o u s  t h e o r e t i c a l  s t u d y  o n  t h e  W i l s o n  l o o p  a n d  t o p o l o g i c a l  
p r o p e r t i e s  o f  a  3 D  w o o d p i l e  P h C  [ 3 ] ,  w e  c o l l a b o r a t e d  w i t h  a n  e x p e r i m e n t a l  g r o u p  
t o  m e a s u r e  t h e  h i n g e  s t a t e s  i n  b o t h  t h e  m i c r o w a v e  a n d  n e a r - i n f r a r e d  r e g i m e s .  T o  
m a k e  t h e  P h C  s t r u c t u r e  s e l f - s u s p e n d e d  d u r i n g  t h e  f a b r i c a t i o n  p r o c e s s ,  f r a m e s  
w e r e  a d d e d  s u r r o u n d i n g  t h e  s t r u c t u r e ,  a n d  s u p p o r t i n g  b e a m s  w e r e  i n t r o d u c e d  a t  
t h e  i n t e r f a c e  b e t w e e n  t w o  t y p e s  o f  P h C s  w h e r e  t h e  d i s l o c a t i o n  a p p e a r s  ( i n  t h e  2 n d  
a n d  4 t h  l a y e r s ) .  W e  c a l c u l a t e d  t h e  p h o t o n i c  b a n d  s t r u c t u r e  o f  t h e  m o d i f i e d  s y s t e m  
u s i n g  t h e  f i n i t e  e l e m e n t  m e t h o d .  F i g u r e  2 ( b )  s h o w s  t h e  p r o j e c t e d  b a n d  s t r u c t u r e  
a l o n g  t h e  Γ – Z  d i r e c t i o n  a r o u n d  t h e  b a n d - g a p  f r e q u e n c y .  C o m p a r e d  w i t h  t h e  
o r i g i n a l  s t r u c t u r e  r e p o r t e d  i n  [ 3 ] ,  t h e  h i n g e  s t a t e s  ( r e d  l i n e s )  a r e  s t i l l  o b s e r v e d ,  
a l t h o u g h  t h e y  a r e  s l i g h t l y  s h i f t e d .  T h e  s t r u c t u r a l  m o d u l a t i o n  a l t e r s  t h e  f r e q u e n c y  
a n d  d i s p e r s i o n  o f  t h e  h i n g e  m o d e s  b u t  d o e s  n o t  e l i m i n a t e  t h e m .  I n  t h i s  s e n s e ,  t h e  
h i n g e  m o d e s  e x h i b i t  a  c e r t a i n  d e g r e e  o f  r o b u s t n e s s .  
   B a s e d  o n  t h e  n u m e r i c a l  r e s u l t s ,  t h e  e x p e r i m e n t a l  g r o u p  f a b r i c a t e d  t h e  
w o o d p i l e  s t r u c t u r e  w i t h  a  l a t t i c e  c o n s t a n t  o f  1 2 . 8  m m  a n d  m e a s u r e d  t h e  h i n g e  
m o d e s  i n  t h e  m i c r o w a v e  r e g i o n .  T h e  h i n g e  m o d e s  i n  t h e  n e a r - i n f r a r e d  r e g i m e  
w e r e  a l s o  o b s e r v e d  b y  s c a l i n g  t h e  w o o d p i l e  s t r u c t u r e  d o w n  t o  a  l a t t i c e  c o n s t a n t  
o f  6 2 0  n m .  T h e  o b t a i n e d  h i n g e  s t a t e s ,  p a r t i c u l a r l y  i n  t h e  n e a r - i n f r a r e d  r e g i o n ,  
p r o v i d e  a  p r o m i s i n g  a l t e r n a t i v e  f o r  w a v e g u i d i n g  w i t h o u t  m o d i f y i n g  t h e  l o c a l  
r e f r a c t i v e  i n d e x ,  w h i c h  c o u l d  b e  a p p l i e d  i n  t h r e e - d i m e n s i o n a l  p h o t o n i c  c i r c u i t s .  
    
   F o r  f u t u r e  p e r s p e c t i v e s ,  w e  w i l l  e x t e n d  o u r  s t u d i e s  o f  n o n - H e r m i t i a n  t o p o l o g y  
t o  s y s t e m s  w i t h  e x c e p t i o n a l  p o i n t s .  W e  p l a n  t o  d e v e l o p  a  c o m p u t a t i o n a l  m e t h o d  
t o  e v a l u a t e  n o n - H e r m i t i a n  t o p o l o g i c a l  i n v a r i a n t s  i n  t h e  p r e s e n c e  o f  e x c e p t i o n a l  
p o i n t s .  F u r t h e r m o r e ,  w e  a i m  t o  l e v e r a g e  t o p o l o g i c a l  m o d e s  i n  P h C  s t r u c t u r e s  t o  
i n v e s t i g a t e  i n t e r a c t i o n s  b e t w e e n  p h o t o n s  a n d  q u a n t u m  e m i t t e r s ,  a s  s t r o n g  l i g h t –
m a t t e r  c o u p l i n g  p l a y s  a  c r u c i a l  r o l e  i n  t h e  f i e l d  o f  n a n o p h o t o n i c s .   
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