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Study on Clad Absorption Spectrum Characteristics and Solution
Concentration Sensing using Fermi Refractive Index Waveguides
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Abstract Fermi refractive-index distribution gradient waveguides are fabricated on the optical glass B270 using ion
exchange process in the composite salt of 0. 004AgNO;-0. 996NaNQO,. Absorption spectrum characteristics of the
Fermi graded refractive index waveguide with an absorbent clad is theoretically analyzed. The experimental result
about propagation loss of the waveguides is coincident with the analytic result. A testing waveguide circuit with a
double-sample serial structure for measuring the liquid absorption loss is presented. The measured result shows that
there is a remarkable linear relationship between solution concentration and refractive indexs imaginary part which
represents the feature of solution clad absorption, and the sensitivity is related to the modes and the parameters of
waveguide, and particularly to the depth of waveguide. By using this sensing relationship, the concentrations C. I.
Pigment Green7 solution samples 13 with kinds of different concentrations have been measured. The standard
deviation between the measured values and the actual values is less than 0.07 % .
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0 2 4 6 8

refractive index distribution waveguide



EWFITAE . GROR T AT (Y 2 SO B R R ok A% ST 5

1335

7
Vi = kod. V/n*(0) —n’, (6)
K de REERY B
n(d.,) = n,+ An/e 7

fipft. B 1 SR AR R 5 S B RO —
P HOTR BE A AR 55 10 A 6 4k TM R 10 4% 8 R g2
o TE SRR 3 2 30 R 3T 8 3R o A = A0 J= Wl
BTG A FEAS AR o B A ARAE 1 LN 5 A
TE PP AR T L RAR AT G T OB 4R Y —
JB LA 2 S T F) — 3 TR BE T & i B B 1) 24 SRR JE L
R AR, TM B 29 R BE LE R B 5 9 TE #¢
AR, R 1) B B R 2 il 1 5
BRI PR S6 I 5 4 )2 A Jo (9 AL I A R g o %
TERABE R I K 55— B B 0 Aii 1 S AR
MUHER SRR R 20 RO JEE 5 7 HOTR JEE RAE T L Ak
T BOIRBE RN B BT S R R 12
BRI HO AR T B ORI 5 P i SRR A R Y
BEAR ROR BB A . AR T 3 23 s/ 1N e 5 B 7 HIOR B2
S PR SEB A 1 R A R R B IRA T
I .

3 SEIRIR R

FEAUR S E B270 Ye2E P38 (n, =1, 5211,2=
632. 8nm) . B T I & 0. 004AgNO;-0. 996NaNO; ,
PER I BE 2 350 CL7E 15~60 min 2 [i] s AR 58 4 i}
6] 45 1 10 J 47 S 3 08 L B R IS I AR
M2 AN S AAGE, GB35 >, HIRER G 1L
AR TM 8L, I 7 T & 1510 A% 46 55 %50, 78 It 3 ik
R AGE RGP AR T LA 4R R
P AT H A S OK BRECRAAE W XS R IS
AT I 2R AT ) B AR 2 s 3% 1, 35 R 1% 1%
HRCME S G E M 5 22/ T 0..00019, 35

e —--TE0 —=—TE1 —&TE2
——TMO0 ——TM1 —A&TM?2|
0.016 )
R PR
0.008 L @/ L N e .
0.004 Lo o B
0.000 L S
0 2 4 6 8 10 12 14 16

P2 i 5 A )2 WSO 1 A
Fig. 2 Clad absorption spectrum characteristic of

sample waveguides

FHAL 2 i S T G SR e b K V25 8 - Wk B2 R 0. 99 %6,
FAAT S5 263 H R0 L T D0 A5 62 A L 7E 632, 8 nm i
K TR S E R n, =1. 4466 . n, =0. 000024, 45 &
1 BB AT B A T A0 2 WO 1 AR
Aon T B 2, ARG & B Y A% 8% R R
FEAE A B A — A B 2 Y BOR B Ve s TM B {2 J%
REUE I TE HAE .
21 LIRS RIS R T S
Table 1 Fermi refractive index distribution parameters of

experimental sample

Exchange Number

No. ) ) An a d /pm
time / min of modes
1 15 2 0.0373 0.3224 0.8298
2 20 3 0.0436 0.4082 1.9720
3 25 3 0.0439 0.4857 2.1446
4 30 3 0.0447 0.5224 2.2628
5 35 3 0.0452 0.5857 2.4482
6 40 4 0.0464 0.6224 2.5384
7 45 4 0.0474 0.6633 2.6187
8 50 4 0.0475 0.7107 2.8515
9 55 4 0.0477 0.8347 2.9415
10 60 5 0.0481 0.8837 3.1920
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Fig. 4 Measured values of waveguide clad absorption loss
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Fig. 5 Experimental setup of solution concentration sensing
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