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One-dimensional photonic quasi-crystal plano-V lens
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Laboratory of Low—Dimensional Structural Physics and Devices, School of Physics and Electronics, Hunan

University, Changsha 410082, China)

Abstract: One-dimensional photonic quasi-crystal (1D PQC) has continuously shown their superiority in the fields of
sub-wavelength focusing, sub-diffraction focusing and super-resolution imaging. In order to enrich and expand the ap-
plication of its focusing characteristics, a 1D PQC plano-V lens is proposed and the effect of material thickness on its fo-
cusing characteristics is studied in this paper. The results show that the lens can achieve sub-wavelength focusing and
sub-diffraction focusing in a wide wavelength range of the second band. The results in this paper will provide reference

for the design and application of 1D PQC plano-V lens.
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Fig. 1
(b) 2D model of the Fibonacci photonic quasi-crystals (PQC)

(a) Structure diagram with the Fibonacci sequence

plano-V lens. The red arrows indicate the incident direction of
the plane wave and the process of converging to the focal point
after passing through the lens. F' is the focal distance of the

lens
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Fig. 2 Transmission spectrum of a PQC with different Fibo-
nacci sequences: (a) F(8) (b) F(9) (¢) F(10)

PURAFER (WX T 10 VI IV ), HEr A Al 4 2R 7
Fil 43 51K £, e[ 1. 71710 Hz, 2.832x10" Hz] ,f, e
[4.293x10"Hz, 4.786x10" Hz] , f, e [5.578x
10" Hz, 6. 542x10" Hz],f,e[7. 961x10" Hz, 8. 753
10" Hz o F(8) W 457t Bl ikl A7 7 S6 1725 il , RIAF
B it R S Y . F(9) R4 BRI 4 TE s i, By
BRE SE R RUE o Bl 6T 52 B0 i — A5 1
F(10) P& B 2025 il , Bl R OR R RR e (HAH
XFFF9), HZHOE T 145, 5 280k 5 A K v
FERIEREERS I . Uk, 2 F(9) 1E M i 5 (1 P 51
B, WEBE I8 B B 1 IR AR RO, )CRETT A AR HL Y
2

A SR A BRICTE T 43 BT Fibonacei 6
AT VB BT A SR AR

2 FHR5WE

2505 BT R B, A F(9) )P FEFEdb i
55 A AR B (UL 2(b) JK A X 3R, £, e[ 2. 832%
10" Hz , 4.293x10"“Hz ] (A} d,=100 nm) ) 7] & 4=
R, A, FPRH AR 20 2 BUR S Kk A
B NI, B dye[ 50 nm, 200 nm ], 0] 3RS 2%
B X A U A IR . Ll d=
50nm , 100nm ,200nm A 5] , 75 G HE AN & 3 frs o

2 o UR TR, 175 5 X A B 1 30 %) 2R 4 0
KIEE T 24 4,=50 nm i, fe[3.139x10" Hz,
4.858x10"Hz]; 24 d,=100 nm I , fe[ 2. 832x10" Hz,
4.293x10"Hz ] ; 24 d,=200 nm I} , fe[ 2. 742x10" Hz,
4.135x10"Hz] . P, A REFRWEE N £,
[3.139%x10" Hz, 4. 135x10" Hz ] (W18 3 JK (0, X35 .
MZ A B BCE % =3, 989x10™ Hz (X W I K A=
752 nm) , WFFEAE LR BE S A0 0T 375 5 5 AR R R Y 5
M. [ AR Si0, 19 JE B d,=100 nm, H DL Ad,=5
nm A [8] B SO A B Ge 19)RE dye[ 10 nm, 300nm ],
FES A — AL AR SR B FWHM R 5 n M AR d,
A B R, IR 4 BT

&4 FTHL, BfE o, SN, £ s I — R AR A
PR CFWHM REn LEEY RIRG &GS . hK
(a) Al A1, 7 d,=10 nm, 100 nm 185 nm 265 nm 275
nm B, £ SO0 B HUS R Rl . IR (b) AT AT,
2 d,e[20 nm, 65 nm i, 0. SA<SFWHM<A , 1755 52
TR RE ML EELT , FWHM<0. 54, 221
T AT BR DB S B T AT R A, A
(¢) AT, 24 d,=80nm . 185nm I , £ F B A5 5 3 K
. A ATH, Y d,=d,=100nm I}, £ 5 58 5 it



592 g hh 5 2 oKk I e 40 &
l 1
M\ 1.0 -
2038 .
&0.5 Z .
&
£ 0.6 % e
- o 2 ° ¢
g < e
0 T‘; 04} ... o0
0 1 2 4 5 6 7 8 9 10x10" E . .
14z Soaf e v o™
(a) - o o® .. .o. ..0.0
1 0 L2007, oo A ’
0 50 100 150 200 250 300
dg / nm
a
&0.5 0.9 @
0.8 ‘
0 0.7
0 1 2 3 4 5 7 8 9 10x10" 0.6 .
f/ Hz =~ 'c. o
(b) 0,5 femmm o
I . " *
ww 04 ”.d ° ° ee o0 o % £
. %%, * * ° R g oo, .o
0.3 " &
~0.5 0-2 655160150200 ""350 300
dg / nm
. (b)
0 1 2 4 5 10x10" 4.5 : -
f/ HZ — 4.0 .
(©) EER :
. . . . - © 30f .
K3 d,=100nm,d, 8L Fibonacci Y6 1 5 A &GS : (a) :gé 25l . =
d,=50nm (b) d,=100 nm (¢) d,=200 nm > 2'0 i . . .
Fig. 3 Transmission spectrum of a PQC when ¢,=100 nm and % 1'5 . % o .'n.. .°.
d, changes: (a) d,=50 nm (b) d,=100nm (¢) d,=200 nm E 1.0l° S .:.'. . o ..’-.:.
05 I ° o . " . . o ®
K, HFWHM=0. 367A M4 Tfie/y, SC B T fre AR A0 A 0 . . . . .
B _ 0 50 100 150 200 250 300
ARSI S PR, o
i &5 AT, — 4B 7 UE AT VB B R AR A ©)

8T VIE @, (%05 el S 4 K 2 SOt TR
U AA BTN o AR O TR
0 45 68 TR 2803 5 A R 2 X' 1 Y I e A DDA
SR, P AL T B ISR BT AT B e 4RI 45 Y
RIS AR T 0K 2 B T PRI 25 9 44
KR EAERIVEAE B VIR MR N, (9K &
TEBE M RAL WIE 7> e TILEE TAORL L,
M AT R S THE I 2 BRI R o S350 M T
— G T A I B 2 A SRR I — T
AR VB S L AR A R 9 FWHM B/, £E

€l 4 Fibonacci Yt 7 Ui i ¥ V 1B i 7E 2=752nm H. d, 2Z LI}
MR AR : (a) 0 — LB SRS (b)) FWHM R ;5 (o) £
JiEl

Fig. 4 The focusing characteristics of Fibonacci PQC plano-
V lens when 1=752nm and dj varies: (a) normalized intensity
of focus, (b) FWHM coefficient 7, and (c) focal distance
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Focusing field of the Fibonacci PQC plano-V lens
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