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Development of a blood sugar level sensor by use of the geometric phase in the
polarized light
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In order to measure optical rotatory dispersion (ORD) of an optically active
sample by utilizing a nonlinear behavior of the geometric phase (GP), we used a multichannel
Fourier-transform spectrometer (MC-FTS) based on Savart-plate birefringent-polarization interference, in
which a zeroth-order quarter-wave plate (QWP) was newly added. The modified MC-FTS enables us to derive
the wavelength dependency of the GP and the optical rotation angle due to the sample. When the GP was
measured as a function of the polarization angle of the analyzer in the MC-FTS for a specified
orientation angle of the principal axis of the QWP, we can observe the nonlinear behavior of GP. Thereby
enhancement of the sensitivity in measurements iIs achieved at the cost of the visibility of the
interference pattern. In proof-of principle experiments, we found further modification is necessary. We
also found that direct measurements of the GP is possible in the THz time-domain spectrometer.

applied physics



, 50
” 33
7
10 mg/dl
QWP MC-FTS
45° P
SP
2
$=45° QWP
QWP
ORD; optical rotatory A=632.8 nm
dispersion Qwp LB
2
0
A
ORD
2
2
GP
GP ; geometric phase,
Pancharatnam-Berry phase,
Pancharatnam phase
[1-3]
MC-FTS; multichannel =)
Fourier-transform spectrometer W-LED
[4-5] GP [6-7] P sample QWP
- ; =
MC-FTS 1/4 QWP SP
MC-FTS QWP A
LB; linear /4 W-LED LED, A ,L
birefringence ,PDA
¢ QWP 0
ORD a
GP
2
GP
THz GP A 0
QWP I Qwp
THz THz-TDS A
o) . A



0 0
A GP @
GP 6
a(l) O
A=632.8 nm QWP
¢=45° 0
o(A)
GP
a 0
a(2)
THz
GP 2.0mm
1.0
0.25mm 5 5
THz THz-TDS
45 Qwp
0
GP
probe light
. tical del rd. s
% » > ayI Efbalance
8 | 100kHz T Pz detector
a . B _ _ A Ty
S
PCA WGP sample WGAL WGA2  ZnTe QWProchon
(45) % O prism
(©P)
THz-TDS TiS
PCA
WGP QWP A 74
4.1
GP
GP
QWP 2.=632.8 nm @
¢ 45 (a 0)
SP
H vV

N S
A
A 0
GP
GP 0
®
a 0°
@ H
vV H’ Vv N S
NS A
0 GP @
©
QWP ¢ 45
@ " @ ©
QWP
QWP LB o(A)
GP

e

i

Qwp MC-FTS
GP(I) Poincareé
a
a ¢ QWP
., 6(4) QWP A

(@ ¢=nl4,a=0,6(01)=n2,
(b) p=nl4,00#0,6(1)=m2,
(€ ¢p=nlda=0,6(1)=nr2,
(d ¢=n/4,00=0,6(1) =2,
e ¢=nld,aa#0,0(A) =2,
) ¢=nld,a=0,06(1)=md2

r 0

4 €))
© @




(@) $=45T5=90Sa =0°  (b) $=45C5=90Ta =10  (c) ¢ =65 T6=90 Ta =10

360 . 360 . 360 : g e

(b)) & =50 - f =45% o 040" (2) G=F0R170 - ¢ =45, =1
. . — T

270 1 270 1 270

=

3
5
E:

180 1 180

geometric phase 7 (deg)
B

g 90 90 1 90 —
~ o e 0 e 0 — . =
g 0 45 90 135 180 0 45 90 135 180 0 45 90 135 180(& il R
S (d) $=45T5=70T =0 (€) $ =455 =70 =10 (f) $=85T5=70T =10 D45 s 1m0 45 S0 B 0 45 E s |
g 360 . . . 360 . . . 360 . . . orientation angle of analyzer & (deg)
% 270 210 1 2m 1 @ ¢ (b) o ©) a
180 180 1 180 1 I (9 )
90 90 1 90 -
0 e 0 e 0 e
0 45 90 135 180 0 45 90 135 180 0 45 90 135 180
orientation angle of analyzer 0 (deg.)
2 =400 (nm) =500 (nm) =600 (nm) A =700 (nm)
2] T (a) 5=1503° ¢ =85>  (b) 5=1165° ¢ =65°  (c) 5=954°¢ =85  (d) =808 ¢ =85<
360 —— 360 —— 360 —— 360 —r—
@1, ¢=n146=n12a=0), 5 2 H 20 1 2m 1 2n A
b)r@,¢=rld,6 =nl2,00 =7118), 3: 180 w03 awo] 180 [ a=01/ 1 180 ":{l o] 1 "‘:{‘1‘/&:0-
(©)r®,¢=177136,6 =n/2,00 =7 /18), 90 1 1 % 1 % 1
0 — 0 E—=——— 0 0 fFr——
(d)F(9,¢=7Z'/4,5=77Z'/18,0lZO), 0 4590135180 0 45 90135180 0 45 90135180 0 45 90 13518
= = = © ®) @ ()
@ere¢=n14,6=77118,a = /18), . e e 0
A r@,¢=177118,6 =7x/18,a = = /18) ~ 2t 4a=01 2t de=0.ly ot de=0ll ot aa=0.1 4
g 15 15 1 15 1 15 r
5 1r 1r 1r 1r
~oos | 05 | 05 | 05 |
0 0 0 0

0 45 90 135180 0 45 90 135180 0 45 90 135180

orientation angle of analyzer 0 (deg.)

0 45 90 135180

o a o
0 ¢=17x/36 a=0 0T
GP r()
)
(a) 6 =150.3° (4 = 400nm) (b) & =116.5(500nm) ,
1) (c) 6 =95.4°(600nm) ,(d) 5 =80.8°(4 = 700nm) .
¢ =85° a 0° 0.1° a=0 0.1 r()
GP Ar(0) e o @
GP (d)
471’/3 r T T ml
— cdculation (Eq.18)
o o measurment (I =2.1 mm)
ge) T » measurment (I =0.5 mm)
8 ES
LED s %
8 223 - ]
o o,
E B |
‘8‘_ /6 S|
20 e 00 8000, e
w%MAAwﬁA
0 L L L L |
0.2a/ml 450 500 550 600 650 700 750 800
-<g/M wavelength A (nm)
10 mm I=2.1 nm 0.5 mm

a(A)
$=85° , 0° 0




/12 - | | - @' =0.53 (THZ) . =0.71 (THZ) o 1=0.86 (THz)

— calculation (Eq.19) N :
415 - o measurment (c=0.8mm) g
i » measurment (c =0.4 mm) &

N
[N

N}

GP (rad)

GP (rad)

o

o measurment (c=0.2mm) 3 ] 3 el 3

7120 e
&

180 180

0 0 80 0 %0
Oa(deg) Oa(deg) Oa(deg)

£=0.60 (TH2) A £=0.71 (THZ) £=0.86 (TH2)

7130 "

Q
5
c

=)

g
o
p—

™
S

8
o

GP

GP (rad)
Now

0 v I s ' 1|
450 500 550 600 650 700 750 800
wavelength A (nm)

180 180

90 0 180 0 90
6a(deg) 6a(deg) 6a(deg)
0.8 g/ml, 0.4 g/ml, 0.2 g/ml RH-MSHA LH-MSHA

20 o) GP

THz
GP

<

3 [1] S. Pancharatnam, Generalized theory of
GP interference and its applications: Part
I  Coherent penciles,” Proc. Ind. Acad.
THz Sci. A, XLIV 1956, 247-251

[2] S.Pancharatnam, Generalized theory of
interference, and its applications: Part
I1. Partially coherent penciles, Proc. Ind.
Acad. Sci. A, XLIV , 1956, 398-417
[3] M. V. Berry, Quantum phase factors
accompanying adiabatic changes,” Proc. R.
Soc. London, Ser. A, 392 1984, 45-47
[4] T. Okamoto, S. Kawata, and S. Minami,
A photodiode array Fourier transform
spectrometer based on a birefringent
interferometer, Appl. Spectrosco., 40 ,
1986, 691-695
2.0 [mm] [5] M. Hashimoto and S. Kawata,
Multichannel Fourier-transform infrared
corediameter | 1.0[mm] spectrometer, Appl. Opt., 31 , 1992,
inside diameter | 0.76 [mm] 6096-6101. )

Screw pitch | 0.25 [mm] “[6] H. _Schml_tzer, S. Klein, and W. Dul’tz,
' tickness | 20(mm]_ | topological prase.” 74 . ohy. Rov. Lott.
1993, 1530-1533
[7] S. Tamate, H. Kobayashi, T. Nakanishi,
S. Sugiyama, and M. Kitano, Geometrical
aspects of weak measurements and quantum
erasers, New J. Phys.,2009, 11 , 093025

GP




3
T. Iwata, A. Sato, and T. Yasui, Direct
Measurement of the Geometric Phase of
Metal Screw Hole Arrays in THz-TDS, EMN
Meeting on Tearhertz Energy Materials
Nanotechnology May 14-18, 2016 San
Sebastian, Spain.

“ Optics &
Photonics Japan 2015 10 28 30

Optics & Photonics Japan 2014
11 5 7

@
(IWATA, Tetsuo)

@
(MIZUTANI, Yasuhiro)




