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Fig. 1 The measurement configurations for scattering sample.
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2. AWG ZAUV/-FEEE Time-stretch SEFRN D BB DAL L [RIE
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2T AZE B OB X 2 7~ 7. dTARAMIR & 5 To Ak v 2 YR & L C Supercontinuum (SC)
St (NKT Photonics #1884, H#5iE) Z#HWW TV, SC KD/ IV AMEITH 500 ps, 80 5 L JEH
BUX12MHz TH 5. SCHRIFENDL DU A— AT 1 L Z — T & 900-1300 nm D Fiik
RBINLT#%, L X THEN L AWG (Arrayed Waveguide gratings) (Z AT 5 Z & THlT 5.
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Fig. 2 AWG-based high-power time-stretch spectroscopy. (a) Schematic of the developed spectrometer. The
relationship between the optical spectrum and the pulse waveform is shown in the bottom row. SC supercontinuum,

AWG arrayed waveguide grating, PD photodiode, ADC analog-to-digital converter. (b) Transmittance spectra of the
AWG (61 output channels) in 900-1300 nm wavelength range.

_13_



JSME TED Newsletter, No.102, 2024

2-2 [RIBLEY

ARFEMEEEFEZE 25 SN 0@ I JlE TE HE BRI OWTEMEMIZHAT 5. X 3
ITHER DR L 7L AN DEFRIEA A—VE2R LTS, EHLBESNE GEAIHSD
HfE) & /A RXLULERUC ET5. RFEEFBEBICENE—27 T —%2HT 5OV 256 % H
WTCTEY, 77D 1000 [FLLEDO R —BERG LN L T80, RYREOEGEIZHESR ) A X
LT DEWETREZGLZENTED. DI, /AR IV ARGERIEOABRE SN D72
W, BlzIE, 2V AE 1 ns, MV LUEKRE 1 MHz &35 &, EEEIAYIZ 1/1000 [ ZJEHE <41, SN
ELIINI000 = 30152 725, AL A RIRA WD RTHS.

Continuous-wave (CW) light Pulsed light
o o
3 s
T z
=
%" o
AN WA Noise AL Noise
| Time Time

Fig. 3 Comparison of continuous light and pulsed light of signal acquisition.
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Fig. 4 Measurement of NIST standard reference sample (a) Pulse waveforms measured without (gray) and with
(blue) a standard reference material. (b) Measured absorption spectrum of the standard material (circles). The reference
spectrum provided by NIST is also shown as dashed lines. The error bars represent the standard deviation of
absorbance (£10).
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Figure 5 NIR spectroscopy of low-transmittance samples. (a) Schematic of the experimental setup. PD photodiode,
OS oscilloscope. (b) Waveforms observed through liquid samples. We averaged 1000 successive waveforms for each
sample extracted from the raw signal. (c) Absorption spectrum of the samples measured by the developed spectrometer.
(d) Absorption spectrum of the samples measured by the conventional spectrometer.
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Validation (LOOCV) TETI/LOMIEEIT 7.
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Fig. 6 Results of NIR spectroscopy of highly scattering sample. (a) The picture of Intralipos sample (b) The first
derivative of the transmittance spectra of Intralipos dilutions measured for 4.6 ms for each. The volume fractions of
Intralipos were 20% (red), 18% (green), and 16% (blue). For each volume fraction, three samples were measured, and
their spectra almost overlapped each other. (c) Plot of predicted and actual volume fractions of Intralipos in the sample
dilutions.
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Fig. 7 Measurement of transmittance spectrum of high scattering sample using a halogen lamp and polychromator.
(a) Setup (b) Example of the transmittance spectrum (irradiation power: 0.88W, acquisition time: 50ms)

T a7 o7 IR Y 7 a A —2 —OfERE R T, ESEGELAREHZ I 20mm E o
%7 7 > k& (National Optics Institute, F0534) % HVy, LB O @FEE A7 MLz HIE L
7. a7 (HRE—« 7A, PIS-UHX) MHORY RV T 7 A NS, #7 4
JL & — TR Time-stretch 43 WAEE & [FIER O R A 900~1300 nm O AZRINL, L X2
TE— A8 8mm (YL U CRUBHZ RS L7z, 3Bk~ & OFEHOE IR I ¢ 200 um, NA0.39 D~ /L
FE—RT77A4/3THL, AU 71 A—%— (Ocean Optics, NIR-Quest512-1.7) TA~7 L%
BAG L7, X 700Ny 7 7T 0 REZLBIWEHBRART MvO—fFlZ 7. BE/ T —1X
50 mW, 880 mW, 2490 mW T4 % FEREFN 22 2 C, Him A7 FL% 10 [BE LEERE(CV)
RO B, CVIRERNENRKE 725 11002220 nm OFFH TOFHHEE L.

—77, EARE Time-stretch 23 Y635 E 1L, 2. 1 TR RIZB W TS B — A5 8§ mm 1272
HEOFTEL, BE T =50 mW —E THEAEREOAZE 2T, EELFERIZ CV ZRD7. &H
ERMFBLOCVZFERIICEED D, 2, KI8@IZMHNZRLF—IZxTDHCVOTry b
R, NB T T ERY 7 u A= —OERIZOWTIE, BV —FICEsT LT TH
ICHEETIE R 2 308 U 7=, B 98E Time-stretch 23 YEEEE TIEH) 0.1 mJ OB = R )L ¥ — T CV=1%%
ERLTWAHDIZXL, "ualFr o7 7eR) 7 A —2—TF10 m] YL EZELTWD. oF
VD, [6 B ST —50 mW TOT — & USR] TR % &, &R E Time-stretch 43 635 T 2~3 ms
THHOIZH L, "aF TR 7m A—F—T13200ms & 100 (EDOHER303h-> T 5.
E A=A /7@%%/\9 75_»2490mw (i FR B Time-stretch 23 YCEE D) 50 £2) L%
L BB Time-stretch 4y YGAEE ZEDF ms A —F —THIENHEL 72D Z E NG5,

Table 1 The measurement conditions and coefficient of variation.
Halogen Lamp X Polychromator

Irradiation Power [mW] 50 50 50, 50 880[ 880 880 880 24901 2490 2490 2490
Data acquisition time[msec] 200 5000 1000[ 6000 10| 50 100 500 3 5 1 10
Irradiation energy [mJ] 10 25 50, 300 8.8 44 88| 440 7.47 12.45( 17.43] 24.9
CV of 10 repeated measurements 0.80%| 0.35%| 0.21%| 0.24%| 1.02%| 0.25%| 0.13%| 0.04%| 1.26%| 0.69%)| 0.55%| 0.35%

High power time-stretch

Irradiation Power [mW] 50 50 50) 50) 50 50)
Accumulation number 650] 4062| 8125 16250 32500[ 65000
Data acquisition time[msec] 0.54 3.39] 6.77| 13.54] 27.08| 54.17
Irradiation energy [mJ] 0.027] 0.169 0.339] 0.677] 1.354 2.708

CV of 10 repeated measurements 1.66%| 0.60%| 0.44%| 0.45%| 0.25%| 0.27%
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Fig. 8 Comparison of halogen lamp and polychromator configuration with high-power time-stretch spectroscopy. (a)
Coefficient of variation under various measurement conditions (b) Temperature rise of the sample with respect to
irradiation time (c¢) Thermographic images of sample surface 2 minutes after the start of light irradiation.

ZIT, FRH AU —TORKRMICRT 2B ERORE LR 2 —%h 27 THIE LT-.
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mW TiE 20C, 2490 mW TIL 70CIESIBEN EF L. Lo T, WUEHEH 7 IV~
BOREERE CEREEICE=X ) V7T BBV TIL, AR OEME Time-stretch 47 Y IEE
(2 X DFBHREE ESERENRITFEFICRENEF 2 5.

FERLERY 7 axX—2—0NMtEE2 ¥ T 2 E = ZHHEEX tNAL DO REL D &,
YNFE—RT 7 ANRNaTE200um, KU 7B X=X —DAF AV > ME 25 um, AFFFR NA
=0.125 LY E = 0.000245 mm?sr & 725, —J, @RE Time-stretch 3%, 74 XA 4 — KD
ZHE oIl mm, NA=0.5 £V E = 0.62mm?*r TH D72, EHRE Time-stretch 136 HZ=R 03K
2500 5 ChH ERFEL BINLDH. L, SRIOERTIEFRED CV 35 L5 BE = LF—i%
100 FREEDZEICE EE o7z, SNEOENE LV /NI o7-DlE, MR/ A XOEWERE
oD, B, EENRINTZ1To T PETHD. £7o, BRI LA ITSER3EHE L
Moleloby I ab—ra VETERL S OIERRBEEFOBEEIZ O TH L LIz,

5. 8hYIC

e L, (KRR Z @O RS I E T X 5 R Time-stretch 43 Y2k E 2 BAFE L 7-.
EREBERREIOBB AR "RV T I VP TELLHETE S Z &, KFEREREHIRF LI Y
BTG LEEm AR M EROCTRERRENFRETHH Z L2 FEIEL, kI mEELIRIIE
ZRT HREHEE LA ORI O W TE L L.
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AR IEDHATFERE 215 VY £ LIV 2B R T O IR =14 E# %, FT-NIR OEANTEE & 4
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