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Study on the inverse Goos-Hanchen shift monitoring system
based on silicon lens and photonic crystal and
its temperature characteristics
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Abstract: Based on the silicon dielectric cylindrical photonic crystal, the finite-difference time-
domain (FDTD) method is used to investigate the inverse Goos-Hanchen (GH) shift of Gaussian
beam at the photonic crystal interface. By adding a silicon lens on the lower surface of the photonic
crystal, the influence of the incident angle of Gaussian beam, the curvature radius of the silicon lens
and the temperature on the inverse GH shift of the photonic crystal is studied.The results show that
the maximum inverse GH shift angle is larger than the geometric ideal total reflection angle. The

addition of a silicon lens with the focus in the center of the photonic crystal surface can
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significantly enhance the inverse GH shift. When the curvature radius of the silicon lens is 170, the

inverse GH shift increases by 1.7 times as much as that without the lens. The influence of

temperature on the inverse GH shift of photonic crystal at different incident angles is studied. It is

found that when the incident angle of Gaussian beam is 26 degrees, the inverse GH shift has a wide

range of variation with temperature, and the linearity of variation curve is better, which is

convenient for temperature monitoring.

Keywords: photonic crystal; inverse Goos-Hanchen shift; silicon lens

51

i1

HCARTEPIFIAN 52 53 F 10 K A 4 RO, SEBR
(1) RS EFRARXS T HUE U2 a R SR &= A
— BN RS, RS R AR AR T i DUK
(GH) 1 # . 1947 4, Goos #1 Hanchen P {3/ fiff
G I 220 R SRS T R A 5
TR e Az A RSP, ST s A i Z ) e A2 1
AL AR o FEO IR ALFS . ASHEL
H G PR SHE A CEA ), S5y
ST R — e RS, SERR oS T
P WS 22 5 B5CR VR  BE HI IR L T IR A I A IR
I 5% TR B A B S I IR B R KRR IR . 1948 4F,
Artmann"! 38 53 B A7 12 %5 GH {3 R Al T 3
WERE . SEPRAG A G T A & FRAR A ~F- T
AT AEAE R — R IR T7 10 5202 R A a7
TSN, TERAE SRR, ARFER T
S N I —FE, 5 X S ST T
() e S I UL BRI RUFGIR, BURH AT
AFHCE IR — A BT M

I LB e TR 5223 e DR HL G TR ot
TGRSR AE i, 1968 4F, Veselago” #EA:
IBFFE R . SR RE I TE & A B SAAE Y A2
TR RGN, 240 GH ViR LG AR
2R . B T AT SRR 2 BRLA SO
R Z R, S BN BRI
AJF I GH (8% . 2003 4E, Felbacq 25" 453+
T GH A6 ERY1E O ; Shadrivov
UV BESE T AT SRR Y GH 1 #% . 2006
4, He 25U 0 4 T R SR B0 GH (17
AT THRIY, TR R 24375 (FDTD) X

AR GH 8 ET T ST . 2015 4F, Luo
U AR LT AN BB B0 SRS RS E5H LT
I8 TN GH MRS AYSEM, AR L I 28 14 R
P T HR RS B 2016 4F, Bl i mign
W5 T Z T R AR GH (A g [ %
WM, PR GH BAIEH KA, R
JEXT GH iM% /N, 2017 4F, Jiang 45 %
TE A1 TM i 4 Y6 A S56F Sk it 5 58689 GH
MR HEATIFSY, WFSE &0 TE AR 60 B 560
GH i fs R, i T™M J6 GH (% bk, 2020
A, PRI RS TR ) K A DR R FE 2K
hivick4 )8 (DSM) By GH (g, FHRH . it
HL I DSM [ 2ok B R, v LARAR A H BRI
GH vi#%; Xz, GH {i#snl LU KA GE &
AR SCR O E AR % & s, 7E it
TR R RCE A, IR A i
FEHRMAGTFRE | EB B R AEAR DL IR BT IR
B2 X T iR GH A B . i st
X F AR GH LB B9 v, BR 8 IR E X
GH B2 /)N, WA SCRIFSR G F fh iR s
v, AESRBEXHE T AR GH A5 1 52
B ] ATESG T A AR S 560 SR I G T
AR AL, AR ARSI T 5T
TRLBE SR . AR SCR ST AR R A
B, & TR, BUN T RS SLER T
R, TSR T,

1 Rt
ARSI THE NI, BEABEHAL N —

AT IR AR S . b, BERAT SR e =
35, R=2r=b-a, HWP @i a=7750m, b



%1

TR, A JETREETE T S AR WU R I R 5t B HAR RSP SY © 51

AT T (GBI 0~1), BRI
KBTI o ASCR WA A= 1550 nm Ff 3T 3 B 1)
ILTAMEL, 181 b = 0.39 DG iiss—REHy
r A, R T Y ASGIE — R AR
0.4622~0.5555 JuREI N, SR M msh, 4
BN, 3R] HL R ) R R S R
T AR, BB SERT I R A . YA
2R B9 I — I wo = a/A=0.5180F, K k=
,/k§+k§+k§, ky=0, k,=0, k,=1.4336, Rlk=
14336, AR #l 2 K negy = kA/(2n) = ka/2nwy) =
0.440 4, MR ST IR L-0.44,

i o o i Band 1
’ \ 4 2 —
3 04883 ===
e 0.518
2 s 0.5385 — -
S A 0.5626 — —
1 ¥ - b
N I \ 1 e
<0 > j\ )

-4 -3 2 -1 0 1 2 3 4
k,
B1 EFRikpEmnE
Fig. 1 Equal frequency diagram of photonic crystal

A SCHE T A R 2290 % (FDTD) , il i
Rsoft Y 5 A PFRAUER A /] TE i ik & T
S EHRAEE T AR SR I S ) GH (%, &
WG A 2(a) s, ALY
EEISM A o, FMGAHER N o, BEFHKIT
AN BRI U BRI, el BRI Al LA S PR
B 5t Gl i Sk ) i B B9 R/ANAT 1], TR A
i GH SRR R/INFITT )0 3T R E 1 -

nisind; = nysind, (1)

X(DHn =1, np=-044, 6,=90°, 15
HA g6, =26.1°,

MERE " WS, GH iR EE &
TEA BT, 7E 23°~ 3202 [A] 615 A 5t
a, BHUASEIRFER GH (iEERE o AN 2(b)
Fiime HIE 2Ca) ATE, SERBR SRR 5 #AR
SO E R AR, HSChR RS ERER LG
LA R GHERZEM, R SR T i
RFm L L T GHAE . K 2(b) Urs AR

X/pm
(a) eI

—u— i GH %%

\\\ '
\

NN

22 24 26 28 30 32
FIE/)
(b) ¥ GH hiRsREA S 1L
B2 BtRETEFREFERHE
EBRI%E GH (L%
Fig.2 The inverse GH shift formed by the reflection of
Gaussian beam through photomic crystal

AGHA R GH MR/, 24 A3,
W GHA B LA e KGN, 2 o =30° 0 (L
PHAE 4 2 5F A 00K 3.9°), i GHAL B i Ko
—4.409a

FRAE SO CR 1 R BORN , TR ARG 1
BT — s F R B, I 6T an iR m
FEHR MR AT, FEREMNY GH {7
BN e R NIRRT ORI R, ISR &
B, GRS G AR Z ]S s B A A
FTE RS B R AR RS, SRR S AT
BRI AL , S T AR S AR A T P
1, FDERER TR, EwE A —14
FERASHE. W 3(a) B, Bn—E iR
AR FREE BB T AR TR, AT
VN TR GH AR, e A
P EEE L TR TP T R —



« 52 ot

i

5 A% 544 5

FHZ L
BE T SO A TR R
i O, WK 3(a) fis, BehhEsE P05
AT L R R A TE R AR KN, R
TR SRR T T . BT A SO G
P AR 5O a3 A ELEE B Ol
40a, HHOCHRSEE N 18a, FTUABERN) S
BRAEFERLRR G, B R HARTE — i AR
1k, HREN BB AR A2
jeo{ied)

r.n

2

Kb fRBENEE; . AEWERE TS
M. TR R n=35, n=-r-=
r(r AREEG R MR, 5l F=r/5

R T A AR ST B N GH RS KR
FRAE G T SR ZE T Rk e Hh R AR B BRI, 1k
BUS B R4 150~190 28], HErit
HEIN G o =30° 0, BFFEAS TR il 324205 5
(3 GH AL, W 3(b) s, H AT 24 5k
BT RAEAR N 150 B, ST RAYY GH 17
%N -6.246a , FEE MR K, ¥ GH {7
MR, M3l 170 i, ¥ GH i
KN —7.505a 5 dkeRBgmih R4, SaFahik
(13 GH R Bt 1Hh 282428 00 15 I T AS i/ )
FEH R AR50 190 Bk 8 e /ME, R -5.721a,
PR EAE /N T 1.784a . [H M SeREl 05 B 7
iR R 170 BOREESE B UET.

MEEE SRR 170, BNFIAGHH o
R 23°~32°, TER[RIAAE T U5 HAR R GH £
BanE 3(c) . MIE 3(c) Hal s, 7E 23°~
300X B X (6], 100 GH (i B BUEBE S £A FE Y
BEOMmE K, MAGA o =308, EPEEE
NIRRT 2 S A5 M A ST A AkEy
i, 3 GH BB EE /N W GH (B Kl
~7.505a , T 2(b) RTINS B GH (i F8
B KN —4.409a , AT L7k 5 55 08 % 1 b AR B
GH B3 KM IFAFE) 1.7 5.

Bt 2 BRI, 2 PR
(R AR, REAS BT R s kAR AR, 7E
—ER TAEREEE N, REMPTHTR SR 2 )
P EW)

/}'-
i GH ﬁﬁz>\ N\
/ kK

A ﬂﬁﬁ%\ﬁwwynb
_ﬁﬁﬁ%%¢@\‘Hf
/ :

Asbrm .
(a) AR E
-5.5
—u— i GH ii#%
7640 /
& g
= —6.5 \
: /
’E’-\! -7.0 + \ /
75 ““//f
145 150 160 165 170 175 180 185 190 195
i
(b) ¥ GH Wiz Gl Sl 2 1025 1k
-2
- —n— ¥ GH {ii %
-\\
S 4 L "
8
\
jas}
&}
2 g \\
-\\
78 I 1 1
30 3

2 24 26 28
FIE/C)
(c) ¥ GH HrA8 BEAS A FE 81k
B3 EAFRETRERMEERN, ¥ GHABH
BT EE R HERNEN

Fig.3 The simulation diagram and numerical change of

2

inverse GH shift when silicon lens is added on the lower

surface of photonic crystal
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