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Magnetic modulation of magnetic-fluid based on the symmetrical
metal-cladding optical waveguide

YUAN Wen', GUO Qin', XIAO Ping-Ping’*, SANG Ming-Huang'
(1. College of Physics & Communication Electronics, Jiangxi Normal University, Nanchang 330022, China;
2. School of Physics Science and Engineering Technology, Yichun University, Yichun 336000 ,China)

Abstract: A new type of symmetrical metal-cladding optical waveguide structures is proposed. The guiding layer that sup-
ports the oscillating field is submillimeter scale and severs as the sample room. The water-based Fe, O, magnetic fluid with
a volume fraction of 0. 15% is injected into the sample room. The ultrahigh order modes are excited by a 860 nm laser
beam on the structure with small incident angle ( <5). Owing to the strong concentration of the magnetic field, the sensi-
tivity of the ultrahigh-order modes is very high. The rise and fall time of magnetic fluid is 2 ms when 10 mT magnetic field

is applied.

Key words; waveguide optics; double metal-cladding optical waveguide; magnetic fluid; magnetic modulation

PACS: 42.79.Gn

51

il 1

kAR BE A WA B U s 4 1, LR BT F)
B, UGB B GORTE T AR i N AR Aok
TEEZ PR G R T oML A
KA 2 M BETE G IR 1] IR A B A5 1855
GURAIBTFE TR T AR 92468 , Fl F A A4 59
B R A R T SR o TR A
BRI I ROER R R AT T OHE, 3018 TRV B

s HH#5:2011 - 05 - 21, f&E HHA:2011 - 12 - 18

W o B e .

S KB TR, B T —F R
ERRENAEBROQBERS . XFIS A
MEEM N FEE R B B EBEEEARME S
Hh R R B AR, T B R LA SR R R R
WE—RZHEEY . B TREREERZEREL,
HIZE P A AEPNILT 8. WELSREE N
FOtE S X R AR IR AR 1, R R R R T
DA T8 7 FL4R (SPR) M HoR Sy Ze i o 15 R 2%

Received date; 2011 - 05 - 21, revised date; 2011 - 12 - 18

EETH : LGACE K2 XL @5 M S5 H BB R RS H K E R LW IF 9 H (2008SHOS ) 5 LY 4 A AR P24 2 & ¥ B I A

(2009GZW0006 ) ; YLPGA#H TRHEIH (GII12172)

Foundation item ; Supported by the Research Foundation of The State Key Laboratory on Fiber Optic Local Area Communication Networks and Advanced
Optical Communication Systems of shanghai JiaoTong University (2008 SHOS ) ; Natural Science Foundation of Jiangxi Province ( No. 2009GZW0006 ) ;Sci-
ence and Technology Foundation of Jiangxi Province Education Department( GJJ12172)

EEEA 2 30(1972-) B W EEN, {1, BB, NE S BOLH FREHTS , E-mail: yuanwen@ jxnu. edu. cn.

{BINEZE : E-mail ; Xpp7967 @ 163. com.



38 HOOCEF BT U R T B 4 K B L AL R ) 255

AR AL, SPR BRI AE A AL T I PRAR (SR T 55 5
TG ) B FE 3 X, T X0 T 46 R £ 7 9B
FHREMZLETHRERBIRG S, ZEREART
UL AFRAE B G T 1R il A | B e A TR S UK
PAFT —RIVBFFT R AR B
R FEBC AR AR R, S B
FETRBIREGVERT , B AR ER SR, SEHaR
197 U 2= A0 B B R R 55 SR, BT BN R 5
10 mT.

1 R

XSUTH] 42 & 3 B 4 5 S R A G 1 B,
A ERE A HEWN EE TR : LR
PR PR RS TR SRS S #R
i)

ERBERNSHRBEE, SASBOCRAS
NP GRS A TR, AL
JBE, Mo S B S S AT R, A O B BE G 2 15
TFHPPEIIRA B, ABL I RER MG B R ER
o, TS R B S O RE B B R T e, 18 S S SR i 2
IR — R [ 2 52 S S I RO AR BEA ST
e BE AR AL 25, B e 4 ) 13 (ATR) , B —
AT R T — A AR IERAR . B 2 HPE
P ATR WA 1R R B R IIRCR , H 2k 0
TR AT B B 2

W R ) AR AT i R R

g =, P , (1)
N Pmml

A (D), n AR BREITIH R, p o fr T X 33
PREL TR N SRR AT, T P AR
BB, MRYE SPR A RAS MRS, BT N >n Al

Incident beam i Reflected beam
1
Upper sliver film — )

Magnetic fluid in LT L]

Glass

ANV

Base sliver film

Bl asa
Fig.1 The configuration of optical waveguide

P <Py, PRI AR BT B R AN AT R 1 19
R BRAE.

X F KRB SRAEN T, BT
FRERA TSR N-0, (1) 7T I, H T (n/N)
>1, T (p/Pr) FIE T 1, HHGX KL R R
R EANZ IR, REUE S ATLLERT 1.

7E ATR & b, SE 847 A BTG TR AL T
ATR W H5cude b TR B T et o e, Bl n I 2 B
AN 0, =2. 576° K. 4 Bk (A S it il i 3 o)
G, WG W E AR ARG T AR 5 3 A R 2R 1, AT fi
PRI G AR R AR, WIS ATR 1§ LR7EAMA
BETr i AR RS TEIROR TAE A 0, Ab B S o
ek Ae e, ik, o7 AR 2R SIRES T B R e
BERARAL , A T S A 15 R i 7 et [ AT A A%
SR UL 1A R i o B [

2 X

SEEH R A 20 mm x 15 mm WK J5HE K7 O
PR RANZ TR ERE 0.5 mm,
PR R ZBRR R 0.7 mm, B S EHAR
12 mm, FEHEA OFLEZ 0. 6 mm. 7E I B B B8
JEAR SRR, A M AR ] b RAR I R B, R
BRI BT MR A RO, SE B R AR Y R
932 nm. T Z AR IR R BB, HAE KT 100 nm
I, X AR B R B A, BT LR I Y
JE BT BORE AR , S50 B PE IR BE7E 200 nm
fh.

FVREED 0. 15% 7K FE Fe, O, YKL A4 FI T
BHAFREAKSNEEN. KERET 020 % &
b OSBRI ASH AR /N, B 3 SRR A,
P (Polarizer) I T 3K45 TE ¥k MG, K N
860 nm HIEOLH T v BTy 16 £ B2 /L (Aper-
ture ) BeJE 5 A5 B b XA T A R,

10— T
09r
0.8
0.7
0.6
051
0.4
0.3
02r
0.1r

0.0
1.61.82.02.22.42.62.83.03.23.43.63.84.0

Incident Angle 0/(° )

Reflectivity

B2 ATR [l
Fig.2 ATR spectrum



256 ahh 5 2K ¥R 31 %

6/20 goniometer

B3 SmER

Fig.3 Experimental equipment

H TS50 R ) A - ORI T RETR A RGO
W, By AAS G TR/INT 50, SEI e 4% 5 1 ATR
TELRANE 2 . 1K 860 nm 2 RABOLAR T H
720 mW. SLIG Fp BT NG W 7 1) 2 0T 2 Bl T e
R /NR 10 mT.

LRI Z )T, X RO BE 4 A
DR 2, 2E 4 ATR Wiy B o TAE . 98
JG 45T S N A G , RE ST W TR I R 21 s, BP
K4 iy B Xz, NP E HInA Y, S
REHCARES , WAE RGN R IR, AR D R )
BILIE 5 (a) fiis, B RS E , T ERN
R A A i o 38 T . TR R A W R o L4, TBT 5 (b)
B 20 ms J& 3 i 98 i #E S 4E T B 1B L,
B o F AT g W S T, T ERATS S R A A B v

M S IR LI S WHIHER T ,
SRR R R K. B S5 (b) 2] LW LIS
H AU AAE VR R G 37 VT 9 b ek ] R T e e
[B] 24 2 ms.

Y TAE R HBELE ATR R T BT B, 3
S5 R BE AR A e 4 5 TR SR 7E ATR UL
W B FATETAAE. AE 4 1 B XEE &, TAE A%

0.8 T Ll T 1 T T T T T 1 T 1
0.7F B
0.6 /\ -
‘? 051 ’—/\ \ 7
S 4L {’* — o T
Q H H H
2 03F R A l | A
|
02 \/ \} 1
o1tfafe—p——d {_J——]
0 0 1 1/ 1 1 1 | 1 m 1 1 1 1
2.1 2510 20 30 40 2.8 10 20 30 40
Angle(® ) Time/s  Angle(®) Time/s

B4 SRR

Fig.4 The process of experiment

LeCroy|

Cl | 50.mV/di

200

Cl ; ’ 50m

5.00 ms/div
(b)
B S AE AR R T MORE A i 25 R

Fig.5 The response of magnetic fluid modulated by magnetic
field with different periods

FE ATR W e By b T AP sl ARG S, B 9 I
SHEAE B SRt /D, T TAE R FE ATR
MR WA S R FP R, ARG S, 8 RO G AR
T HR IR K, BIE 4 FP g D XIS 28, 78
LR HBIE W E 6 fras. IE 6 FhE i, i
WARNESWESE S P (a) (b) BRMAK, ™
XA BLAR  JR R - R 2 B T7 1 A R R
BIVIES 3 5K 56 2he B 7 , (4590 B 39 05 v U0 R W
FRARYT T 338 K, H5 B0 ATR % W ide 5 £ JBE K 19
J A Eh e SRR 3 XA A3 B AR AUE BT
NS P R ) e A SO R )
AT X B, BB 2 ATR Y i T
E3T S

LeGroy|
Cl 3 50 mV/div
C2] /"“*""’“'“"’
"""""""""" 200 MV /di o
5.00 ms/div

Bl 6 TFAYETE ATR g NI HIREA RIS R
Fig. 6 The modulation result of magnetic fluid when operating

point is set at the fall edge of ATR



38 HOOCEF BT U R T B 4 K B L AL R ) 257

3 &t

A FH M2 K RUBE B LT < R I, LA/ BEA
5t 860 nm ZLAMBOLIRBA KIS R Hr FRONREE AR
3 X 70 1R I A A TR R B R, AT DA AR AR
55 F T S Ao BEARARG A9 G O Aok AR, 9 HLARAB R
HmA R (55 , R T R G T e B =, 3L
THAEA TR E R Ot R i AR 4l , iR
T AR MSEI G RRF , R BE 5 1)
KRR BRAT T BT A PR e B, e B THE AT
FEIT A [E]IA 2 2 ms. P68 ATR WA R B TAF AT LA
ARAFAE LA B FR) S5 R R 2OR , X — R A F
FSCSCRRAGHRE . SE 5 h B TR A T BIEME W
TR B B, BT AR BR T — B S A
AR BE , [ S G5 A0 38 o R B8, AR 3E A 5, T
ELARFUINTG. 3055 B 20, °T LAGE AR LR R 0
1 P MR AR A ORI /IN RS, 8 28 AT DA R I 78 i
A 1 em® M B E MR L, o 85 1F M R fL 3R A T
] RE.

REFERENCES

[1]Butter K, Bomans P H H, Frederik P M, et al. Direct ob-
servation of dipolar chains in iron ferrofluids by cryogenic e-
lectron microscopy[ J]. Nature Mater ,2003(2) ;88 —91.

[2]Safran S A. Magnetic strings and networks[ J]. Nature Ma-
ter,2003(2) .71 -72.

[3]Yamaguchi H, Zhang X R, Higashi S, et al. Study on pow-
er generation using electro-conductive polymer and its mix-
ture with magnetic fluid [J]. Journal of Magnetism and
Magnetic Materials,2008,320(7) ;1406 — 1411.

[4] Neubergera T, Schopf B, Hofmann H, et al. Superpara-
magnetic nanoparticles for biomedical applications; Possi-
bilities and limitations of a new drug delivery system[]J].
Journal of Magnetism and Magnetic Materials, 2005 , 293
(3) :483 —496.

[5]Chieh J J, Yang S Y, Hommg H E, et al. Magnetic-fluid op-
tical-fiber modulator via magnetic modulation [ J]. Appl
Phys Lett ,2007,90(13) :133 —505.

[6]PuSL,Chen X F, Di ZY, et al. Relaxation property of the
magnetic-fluid-based fiber-optic evanescent field modulator
[J]. J Appl Phys,2007,101(5) :053 —532.

[7]Chen J F, Chen X F, Pu S L, et al. Realization of optical
limiting with a magnetic fluid film[ J]. Opt Commun 2007,
276(2) ;268 —271.

[8]Yang SY , Hsiao Y T , Huang Y W , et al. Retarded re-
sponse of the optical transmittance through a magnetic fluid
film under switching-on/off external magnetic fields [ J].
Journal of Magnetism and Magnetic Materials, 2004 , 281
(1),48 -52.

[9]Li Honggen, Cao Zhuangqgi, Lu Haifeng, et al. Free-space
coupling of a light beam into a symmetrical metal-cladding
optical waveguide [ J]. Applied Physics Letters, 2003, 83
(14) :2757 -9.

[10] Haifeng Lu, Zhuangqi Cao, Honggen Li, et al. Study of
ultrahigh-order modes in a symmetrical metal-cladding op-
tical waveguide. Appl. Phys. Lett. ,2004,85(20) :4579 —
4581.

[11]Green R J, Davies J, Davies M C, et al. Surface plasmon
resonance for real time in situ analysis of protein adsorption
to polymer surfaces[J]. Biomaterials,18 (5): (1997) :
405 —413.

[12]Jiang Y, Cao Z Q, Chen G, et al. Low voltage electro-op-
tical polymer light modulator using attenuated total internal
reflection[ J]. Optical & Laser Technology,2001,33(9):
417 —-420.

[13]Jiang Y, Cao Z Q, Shen Q S, et al. Improved attenuated-
total-reflection technique for measuring the electro-optic
coefficients of nolinear optical polymers[J]. J. Opt. Soc.
Am. B,2000,17(5) :805 — 808.

[14] Cao Zhuang-qi, Lu Hai-feng, Li Hong-gen, et al. Re-
search of Ultrahigh Order Modes in Double Metal Cladding
Optical Waveguide with Submillimeter Scale[ J]. Acta Op-
tica Sinica (E FEBL , i % , 2R, 45 T 22K RBEXL
T 465 B8 10 5 40 7R B A % LR AR R BT . e
) ,2006,26(4) :497 —500.

[15]Horvath R, Pedersen H C,Larsen N B, et al. Demonstra-
tion of reverse symmetry waveguide sensing in aqueous so-
lutions[ J]. Appl. Phys. Lett. ,2002,81 (12):2166 —
2168.

[16]Yuan Wen, Guo Qin, Sang Ming-huang, et al. Theoretical
and Experimental Research on Voltage Sensing Based on
Attenuated-Total-Reflection [ J ]. Acta Optica Sinica ( &
3, BRI R A R R A AR B BRI
FISLIGBFST. S 2EHR) ,2004,24(9) 1199 — 1202.



