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Graphene Optical Modulator Based on Optical Tamm States
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Abstract By using the local field enhancement of the optical Tamm state (OTS) at the interface of metal-
distributed Bragg reflector (DBR) and the electronic control characteristics of graphene, we propose a graphene
based light modulator based on OTS. The proposed optical modulator is simulated by finite element method and
finite difference time domain method. The results show that when the incident wavelength is 850.7 nm, OTS can be
engendered at the metal-DBR interface and the reflectivity of incident light is relatively low. When the driving
voltage is greater than 7.5 V, the intrinsic wavelength of OTS drifts and the reflectivity of incident light increases,
so that intensity modulation can be achieved. The maximum modulation depth of the optical modulator can be up to
0.96 and the extinction ratio is 14.45 dB. Without considering the effect of RC time constant on the modulation
rate, the modulation rate is above 600 GHz. The proposed graphene modulator can be modulated with different
modulation depths in a certain wavelength range. It has a good application prospect in the optical communication
system and the optical information processing system in the future.

Key words optical communications; graphene; optical Tamm states; optical modulator

OCIS codes 060.4080; 230.1480; 230.2090; 230.4110

Al . AWM, T A B B AR e T
o FU S 6 T8 B e B SR B 2, 25 & 11 BRI
ST R S R S BB R G BRSSO B T 2 I e
T L3 R AT OB R O R 2011 4F, Liu 2 fEREP S P — 202
BESBEAE B BT . b B R R R T U T A R S R D A O 9 RS
WP L 0 1 AL TR O BT S R I R TR TR B K Ol 1,35~ 1.6 pm, 3 dB 5k
WE SR HO 28 1, 2 FEBURE B SR M 2 i B 1 GHz AR P HIRE B 10952012 4F, Liu %07

W EE: 2018-05-15; 1EE B HA. 2018-06-06; FHHEAH: 2018-06-14
HEEWMB.: HE ALK ¥HESL (61275067
" E-mail: lipl@njupt.edu.cn

1106001-1



H

i b

MAVETE T — A X2 A1 88 05 624 8 il 2, 8 ) R B
I E]16% ;2012 47, Li SO RER L IR B B T
P 80 )2 L ik T — R s S A U2 A
BRI B # L R H 1550 nm JE PRI, 3 dBAT %
120 GHz, ¥ il & B &1 50 %5 2013 4F . Gosciniak
SRR A B TR TR T R T S R A R 2
PEH T — 3 02 A BRI 10 8 I A5 A 0 2
RETIH#E-M 1 {]/bit, 9§l B % h 160 ~ 850 GHz;
2014 4F, Du & 2 1 T — Rl B i A ROk
2R AN O IR R 1 2% 9 98 149 GHz, 6 H
M 22.13 dB;2014 4F, Mohsin 2E57 404 5L S I A= i
M)A SRR S L4 T —Fh 1550 nm P B
18 35 T U2 A B M A A7 A 5 FE 1 fEL 2 SO A A
P LCHRIRIE N 16% .3 dBH %% K 670 MHz,

Y62 Tamm 25 (OTS) J& — o 5 sy 39 7 1 45
AL DL SRy SR AN R R R 04 43 S 1T AL A I B8 A T
1 DX 38K, 5 R S T R L A G I R AR S TR
FALEE, OTS B Mk 2k 58 B /INE £, J5y 337 38 5 1Y)
A 3 B K, 7E OF T 45 4 T LA R B g TE FI
TM i 3R G & - A G R BOR 5 IC 1 A 75 R
ELEMASIE., KW OTS 5l& T Z B XKE,
WA BRI OS2 — .

ASCHR T OTS (/7 B0 6T H 2, F
P A S0 0 s M BT, R 45 G OTS 16 R U4
i 3= 1A T AN B Bl HL R A /N ofe AR i O 1Y i
BN SE BB S . A1 COMSOL Multiphysics
A X2 R ) 2 0 R AT T RS A A TR
TG (FENMD Y T Sk A7 B 25 43 5 (FDTD) % i il
TREE ' Lo R i R 4 M RE E AT 5K

2 ZEM Rt KR

2.1 Mgt

T OTS WA S5 T s E5 /g 1 PR,
BHCA 2 A R SiO, . T 8 R K 1,45, JE BN
136 nm; B )2 8 TiO,, ¥ 4 R K 2. 51, JEE A
72.2 nm;C JZ N A B AB.C =2 S
¥ B — A~ 43 A XA s B2 555 (DBR) - DBR 11 Ji] 1
¥ 8:D ENEIE)E MR R Ag, R N40 nm,
&)@ Ag A HLUH AT B Drude BRSNS 1R
22 AEBBITHERSMNRFEENXER

H oS SR B R 2N T
A BRI L T R 2 il A BB R Y TR B LS X
W BE S A B AR L A8 T VR BE I R A ek R 5 1k 9
KRB I B 717 1] SR AT 119 3 R 20 AE AT 51 A 2

D A8
G graphene
B TiO,
[ sio,

B 1 A a0 g 25 1R IR
Fig. 1 Schematic of structure of graphene optical modulator
R AL
A1 SR AL SR 3K Bl L R B O AR
pn=hve mm’ (D
A n A WO s oe N IOREE V, A
TR S HL T 5V 55 A 8 0 ORI e T I % 2% 0K BE 2
A K 2B R A7 SR N TR N B R B OK RE AL T
IKBLTE Vo W05 N T4 A7 Al A 1 5045 31 Y
— R BN
7 ="C(eve,)/de, (2)
Horbye HE S i W B e, 0T ZE £ 55 04 6]
B 5 A S5 9 A H K o R T )2 A s 0 2 ) A BE S
e D HL T RLfT A
A 0 TG Y AR EL A T 32 22 A A R AT A 1)
BRIE P 23R 25 i T H R A 0

8(0)) :aimra +8imer’ (3)
Ap
aimra :8 T - N 4
OXTrii(Fl—lw) “
1 ho —2
Oinier =00 [1 —+ ;arctan thZ B

larctan hw + 2p o Lln (hw +2/1)2 -+ (ﬁpg)2:|
T hT, 2 (hw —2p)% + (R, |’

(5)
26 e A I HL T 0 AT AL 2556 (w)
RS, ="/ (4h) N ARB I 805 1 H
Fow NASAER D =1/t ., =1/t,,t, HHN
BR AT 5t B 8] 5 2, iy iy 1) BR O 5t P4 I ]
B A 25 05 45 1) R M, A 85 B A R 5 Ak e
PR R ERIRH
10 (w)

n=+e(w) = |1+ s
weod ¢

K ede AR ARG . HiL, (DO 3K
AC6) 3, T LAAT 2 A 880 P 5 R S0 05 SR Bl L R Y

(6)

1106001-2



i ot

KRN 2 FiR,
M 2 0] LA L BEE SR Bl iR B3 K A SR
PTG 38 S0 2R WU/ 24 H R RN B — i KN A
SRR TR IER AR, B S TR e . A B
P15 3R H K A 5% A8 B ) UK By H R B Ry 28 AR HL
FE T DL 21 4 ik B, Bl 2 A G 30 K e 38 n s kg
A1 BRI I 2 SR A 5 AR L R S B N . A
KR 850 nm B, 7 58 5 47 G 258 529 58 A8 HL R
24k 7.5 VN R JE A AR T SR S 2,69
/N E] 0,09,
3.5

o -- 650 nm

<30 850 nm

g - 1050 nm

o 2.5\ 1250 nm

% — 1500 nm
2.0 : ‘

15

£l

° \

%’ 1.0

= \

= 05

[<3]

= ————

0 2 4 6 8 1012 14 16 18 20
Voltage /V
Bl 2 A ST R I 5 IR gl B 9 OC R &
Fig. 2 Diagram of the relationship between the real part

of refractive index of graphene and driving voltage
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Fig. 3 Reflection spectra and electric field distributions with and without driving voltage. (a) Reflection spectrum without

voltage; (b) electric field distribution at 850. 7 nm without voltage; (c¢) reflection spectrum with voltage;

(d) electric field distribution at 850.7 nm with voltage
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Fig. 6 Curves of the ratio of output to input of graphene optical modulator versus time.

(a) "Close" state; (b) "open" state
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