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M oir é eff e cts a n d m a gi c -a n gl e p h e n o m e n a c a us e d b y t h e s u p er p ositi o n or  t wisti n g of disti n ctl y ori e nt e d bil a y er v a n 
d er W a als m at eri als h a v e g ar n er e d si g nifi c a nt r es e ar c h i nt er ests r e c e ntl y d u e t o t h eir t u n a bl e a n d n o v el pr o p erti es  [ 1]. 
Si mil arl y  u ni q u e  p h e n o m e n a  c a n  b e e x p e ct e d  i n  p h ot o ni c  a n al o g u es  a n d  s o m e  r e c e nt  d e m o nstr ati o ns  h a v e n o w 
r e p ort e d n o v el eff e cts  d eri v e d fr o m w a v el e n gt h s c al e p h ot o ni c m oir é l atti c es.  T his i n cl u d es  d e m o nstr ati o ns of fl at 
b a n d  p h ysi cs  a n d l o c ali z ati o n-d el o c ali z ati o n tr a nsiti o ns  [ 2], o pti c al s olit o ns  [ 3], m a gi c-a n gl e l as ers  [ 4], a n d v ari o us 
t y p es of m et as urf a c es d eri v e d fr o m 2 D p h ot o ni c m oir é l atti c es  [ 5]. C o m p ar e d t o st a c k e d 2 D v a n d er W a als m at eri als 
t h at ar e c o nstr ai n e d b y fi x e d l atti c e c o nst a nts, t h e st u d y a n d  r e ali z ati o n of m oir é eff e cts i n  w a v el e n gt h s c al e  p h ot o ni c 
m e di a  off ers  si g nifi c a ntl y  m or e  fr e e d o m  d u e  t o  t h e  a bilit y  t o  r e ali z e  ar bitr ar y  l atti c e  c o nst a nts  a n d  o n -d e m a n d 
p att er ni n g. I n a d diti o n t o t h e Δ θ  t wisti n g of a 2 D s u b-l atti c e as d e pi ct e d i n Fi g. 1( a) , m oir é eff e ct s c a n b e r e ali z e d i n  
1 D bi c hr o m ati c p h ot o ni c str u ct ur es i n c or p or ati n g a l atti c e mis m at c h 𝛥 𝛬  b et w e e n t w o s u p eri m p os e d s u b -l atti c es as 
d e pi ct e d i n Fi g. 1( b) . R e c e nt e x p eri m e nts i n v ol vi n g r el at e d m oir é l atti c es  h a v e n o w d e m o nstr at e d hi g hl y t ail or a bl e 
o pti c al  filt ers  [ 6], hi g h  Q -f a ct or r es o n at ors  a n d c o m p a ct o pti c al  p ar a m etri c  os cill at ors  [ 7],  [ 8],  a n d p h ysi c all y 
u n cl o n a bl e p h ot o ni c cir c uits  [ 9].   

I n t his w or k, w e st u d y li g ht tr a ns p ort a n d l o c ali z ati o n arisi n g fr o m  1 D p h ot o ni c m oir é  l atti c es d efi n e d i n 
sili c o n  p h ot o ni c n a n o wir es  a n d  v ali d at e  o ur  t h e or eti c al  fi n di n gs  b y e x p eri m e nt all y  r e ali zi n g  d e vi c es  i n  a  st a n d ar d 
2 2 0  n m  d e vi c e  l a y er  sili c o n  o n  i ns ul at or  ( S OI)  pl atf or m  cl a d d e d  b y sili c a.  S p e cifi c all y ,  w e  s u p eri m p os e  t w o 
s u b gr ati n gs  wit h p eri o ds 𝛬 !  a n d 𝛬 "  o n eit h er si d e of a  si d e w all m o d ul at e d sili c o n n a n o wir e as s h o w n i n F i g. 1( a). 
A n al o g o us t o 2 D “t wistr o ni c ”  s yst e ms w h er e Δ θ  pl a ys a k e y r ol e , h er e w e utili z e t h e l atti c e mis m at c h p ar a m et er 𝛥 𝛬 =
𝛬 ! − 𝛬 "  t o r e ali z e m oir é  eff e cts s u c h as t h e f or m ati o n of m oir é r es o n at ors a n d m oir é b as e d c o u pl e d r es o n a nt o pti c al 
w a v e g ui d es ( C R O W S).  B y c o nsi d eri n g fi nit e m oir é l atti c es w e als o d e m o nstr at e  t h at t h e t ot al cr yst al l e n gt h 𝐿  a n d 
m oir é fri n g e p h as e 𝛥 𝜙  (i niti al p h as e offs et b et w e e n s u b-l atti c es) pl a y cr u ci al r ol es i n di ct ati n g b e h a vi or.  

S u p eri m p osi n g t w o s u b-l atti c es wit h p eri o ds 𝛬 !  a n d 𝛬 "  pr o d u c es  a m oir é  fri n g e p att er n wit h a b e at l e n gt h  
gi v e n b y 𝐿 # = Λ ! Λ " / Δ Λ . F or  p eri o d s of 𝛬 ! = 3 1 7 	𝑛 𝑚  a n d 𝛬 " = 3 1 8 	𝑛 𝑚 , t h e l atti c e mis m at c h is 𝛥 𝛬 = 1 	𝑛 𝑚  a n d t h e 
b e at l e n gt h 𝐿 # = 1 0 0 	𝜇 𝑚 . B y s yst e m ati c all y v ar yi n g t h e l atti c e mis m at c h 𝛥 𝛬  u n d er a  fi x e d cr yst al l e n gt h  L  = 1 0 0 	𝜇 𝑚  

Fi g. 1 . ( a)  Moir é  l atti c e s r e ali z e d i n 2 D a n d o ur 1 D pl atf or m, ( b) m o d el e d a n d ( c) e x p eri m e nt all y m e as ur e d tr a ns mis si o n 
s p e ctr a a s a f u n cti o n of l atti c e mis m at c h 𝛥 𝛬 , d e m o nstr ati n g m oir é r es o n at or(s) i n sili c o n n a n o wir e s.   
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and fringe phase 𝛥𝜙 = 0, we studied several regimes of operation spanning: (i) 𝐿 < 𝐿#, (ii) 𝐿 = 𝐿# and (iii) 𝐿 > 𝐿#; 
as depicted in Fig. 1 (b,c).  In regime (i) we observe apodized grating behavior, whereas regimes (ii) and (iii) produce 
a moiré lattice supporting either a single potential well or multiple cascaded potential wells respectively, giving rise 
to moiré resonators and moiré CROWs as noted in Fig. 1(c).  These effects are achieved simply with the natural moiré 
potential without use of any complex design apodization techniques or tapering. 

The resonant modes supported within the moiré lattice can strongly couple to the feeding waveguide, 
fostering high optical transmission which coincides with an enhancement to the density of modes and the waveguide 
group index, as illustrated in the example considered in Fig. 2(a).  With the appropriate selection of design parameters, 
namely 𝐿 = 𝐿# =

$!$"
%$
 and 𝛥𝜙 = 0, a single moiré resonator can support a strongly enhanced group index or 

correspondingly a high loaded Q factor as predicted in Fig. 2(b).  For example, for ΔΛ = 0.4	nm the required crystal 
length is 250	µm and the simulated Q factor a device with our +/- 30nm sidewall modulation is ~10& assuming a 
nominal waveguide loss of 2.5 dB /cm. Lastly, whereas in infinite moiré lattices, the relative phase between sub-
lattices has limited significance, our model and experimental results demonstrate 𝛥𝜙 has a significant effect on light 
transport and localization in finite moiré lattices.  As an example, we report in Fig. 2(c) a special case within regime 
(iii): 𝐿 = 2𝐿#, where 𝛥𝜙 = 0	produces two cascaded potential wells/resonators which evolves into a single potential 
well/resonator residing in the finite crystal in the case 𝛥𝜙 = 𝜋.  The moiré fringe phase 𝛥𝜙 was also observed to 
significantly alter transport and localization in regimes (i) and (ii) (not shown here for brevity). 

In summary, we performed a theoretical and experimental study on 1D moiré effects in wavelength scale 
silicon photonic nanowires. Beyond mapping a well-studied 2D magic-angle effect to a 1D regime, we highlight a 
range of moiré effects that can be used to tailor light transport and localization, such as the realization of high Q factor 
photonic crystal nanowire cavities and CROWS naturally formed from a moiré effect.  
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Figure 2. (a) Group index ng (l) vs. lattice mismatch 𝛥𝛬, (b) Q factor vs. moiré crystal length, for various loss values (dB/cm), 
and (c) Q factor vs. moiré fringe phase 𝛥𝜙. Additional degrees of freedom: 𝛥𝛬, 𝛥𝜙, and/or L are specified in the figure insets.  
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