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Fig. 1. The principle of ISBS: (a) Schematic diagram for the optical path of heterodyne ISBS; (b) conservation of energy and mo-

mentum in the ISBS process.
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Fig. 2. Diagram of ISBS system. M1—MS5, mirrors; L1 and L4, spherical lenses; L2 and L3, achromatic lenses; CL, cylindrical lens;
ND1 and ND2, neutral density filter; DM, dichroic mirror; TG, transmission grating; BP1 and BP2, 780 nm bandpass filters;

PD1 and PD2, photodetector.

B, (552 mnliedes (Mini Circuits, BHP-50+,
41—800 MHz) K PRI K 4% (Mini Circuits,
ZFL-1000+, 1 GHz) jit K 2y 250 %5 )5 , 38 o & ok
FERI R A% (Agilent Technologies, DSO9254A,
2.5 GHz) AT REMLER, P 2EES A
AR R B X R e S AT AR
FTAEERLLIE NG RAE SRR, 200 ) FE 28 46
7331 ISBS S, MU 5 R (A S 37 A FL AT,
T F 2 A X R PSR A 2 AR T R S A T
YRR ELUHZR 5.

4 EWERLG N
4.1 ER4GE ISBS it R RN &
R T B UE A HL RO T SRR A AT A T
I A Ho A AT A W ST SR A T I = R SRR R
BT B3R ISBS RGBT PEHLSRIAY, I & I Xt
o T ZRhal S AL 2R R AR A WA OGS, R
AR B4 100 WK, TRIHAS 3 — R 52 2 A HLIK
JEIER RS IFIR] A 10 ms, WAEE S B TR N
10 mm A g b bk f il i, & 3(a) R T
R L SR AR B 25 5, v LA ) ISBS Jrik
AAXRERS R LA B0 A LGRS (5 2, [FIRHARE
POt A I . g ) A AR A
E 3(b) R T % WY 12 P iR 4l & fn 5 MR &
Y2t il i 1SBS ik, S5 74 B ik AR Ak R0 B kA
AT AN A B LK IS SR A s B B 2.1 MHz
W/NR 19 kHz. FFA ARG 1) V- 25 56 1% 5 Mk b
k26 dB, At DLVERG U ER B BLIMAT RS LR sE. 5

BAHALE, FABRH ISR B R, I R
IR LT IS ARARE ™ 22 T AR AL 16 10 A 301 1 d
BEo AT, A TR B R Bl T L
D AR, JEiE /N T 41 MHz fAEE A
THAE. MOLTERT LA R AT LR ), REWsk
AT CIR AR il B B4 A L DR RS PR 5
P 0 v 8l e J3E B R L s il 2 8 3k A
PR, R TR RS AN

BT PSRN AF 2 ISBS Y4 Rxs
FHE AL I AR S B R A R AT T
AR ARG 3(b) 1B 894 TG 3 il
HOT 12 B RERL AN 5 Tl WIS AR A L
WOLTELS B, PHRHRIMES B2 th 275 S0k [31] 1534,
FR TS I X LG T 25U AR 0 i 60 3R 45 0 0 A i A
MORRFERLE MY, G 3(c) Fas. AT Y,
SWARE AL, BRSPS A R e
G, X2 N A WA R 23 1 S5 R AT
J7, 43FIRIVER] D SEsR. 7E 0 IEMR2Z 1 75 AR sl 4t
T, WARR AR TE GPa 520, 45 FEAR 4
FE MPa 2, 3X 5 5 P A o ) B F — £ P,
TE L RWARKE R P, KA FLIHAIRS B K, X2
TR TR A P i PRGSO f%
EE. A5 5 MRS R, PMMA B it
R, FoRHEAEA TS5, P e s
FE I, St IR; 1 PC A BN e e e, 75
WA LA AR PR R, Btk X2k ph 12 i
MR A RERS B 10 J1 2Rl L 5P 22 TSBS R 4¢
Tt e BT UL M e 3, ARl i AR S
Pt A SO N R L T 2%

127801-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024) 127801
@ 4f (b) 1.OF 1L.OF TR = W i
ol 0.8} IECE
0 -»-__ o5l 0.6 IR
-2 ‘ 04k SPIR
4} L) L L L h ZIBZ.1E
e 120130140150160170180 265 270 275 280 g
> 4f " : ‘ d
E 2l e Vi
a 0 .o  Thw N 1B
H -2l | IR
2 _af = 08 } ik
e .1;?-13 0.6 | ZHIEETM
ar = L )|_L P
2F T 0.4 PS
0 o PC
*i r 0.2 PVC
i S 0 R e ity PET
0 600 1200 0 50 100 150 200 250 300 350 PMMA
H$1E] /ns 4z /MHz
() .

710 250
085 8 —e— frEfERE M ~~.g——o—~ 1200 Dy
RO 6F o fiEHIEM" % T {130 2O
w4t WG P {100 &=
= 2V o o o o o o o g—0——0—8—§— <6(J _:‘:\:

0= — .

»

3

ENS I W W Y R S RN ORRICIE IR
@///@ P &%6\@@1/ v af\/\& W ?%%’%@ AR AR A Q@Q@\

WA RS W A Ah B TSBS I 4 2528 | 05 1 5t 33 B 3 A6

(a) BT R4 5 Y ISBS I 45 5 (b) 2 Fh il ik S 2R

B Y ISBS DB KR FBRIEL; (c) th ISBS Jtilf 7 6 SR IR SR M AR S (£7-ff 58 4k ) 11 310 (45 FEASE k)

Fig. 3. ISBS measurement results, spectra, and elastic longitudinal modules of pure liquid and polymer samples: (a) ISBS time-do-

main signals of typical liquid purities; (b) ISBS spectra and details of various liquid and polymer purities; (c) the real (storage mod-

ulus) and imaginary (loss modulus) parts of elastic longitudinal modules extracted from ISBS spectral information.

F 1 BAIEAARLES R ISBS SGikfm B | 7 AR BRI A ik i) S (e
Table 1.  Experimentally calculated values of ISBS spectral information, acoustic information, and longitudinal modulus for
typical liquid purities.
BES v/ MHz Ag/MHz, V/(ms 1) a/(dB-cm™) M'/MPa M'"/MPa
B2 = 123.09-£0.06 1.54+0.02 1060.04:0.5 26.4+0.3 1028.040.9 7.44+0.1
EC ke 127.0340.03 1.7340.01 1094.04-0.3 28.7+0.3 790.640.4 6.2+0.1
FH 130.19:£0.02 1.5140.01 1121.140.2 24.440.1 994.7+0.3 6.6540.02
S 133.8740.05 2.4740.04 1152.940.4 38.940.6 1037.940.7 11.140.2
LR 134.8140.04 1.6440.01 1160.940.4 25.7+0.1 1213.440.8 8.53+0.04
7B 135.344-0.03 1.91+0.02 1165.5+0.3 29.740.2 1072.240.5 8.7+0.1
P 137.68+0.05 1.5840.01 1185.740.5 24.240.1 1102.9+0.8 7.30+£0.04
TE SR 150.1740.03 2.7840.05 1293.240.3 39.040.7 1361.940.6 14.640.3
MR 166.8540.12 7.4440.06 1436.841.0 93.940.7 1844.6+£2.6 47.540.4
e 169.87+0.12 4.70+0.07 1462.941.0 58.340.9 1836.942.6 29.440.4
ZHETIR 173.9840.08 2.960.03 1498.240.7 35.940.4 2471.4+42.2 24.3+0.2
K 174.69+0.05 2.80+0.05 1504.440.4 33.740.6 2257.641.3 20.9+0.4

HE—2 M, AT Sy ORI AR G B v A
Pt g T J s D b kDN iy vk RS BE, 6 iR
12 PR R4l S AT T 2R ER W&, St T &40
HLMATIAS FNZR 5, It i3 T s AR L 1
(180 8 IRl R B, SR I B R S, 3% 1 Geit
T AN A BB AIPR S, B AR DT R
R A5 DUt (A ) AR XA o 2245 BI040 KRS v
FFE V-SRI AS B 0.04%, fEREHR

M FSF R I A BE R 0.1%; A B UK 2R 58
Ag AR o MPFEREE MY RS2 A Tk
BN 1%.

4.2 AEELKHE PDMS REMENER S
IRAE R RASER XS LE
R HIEAEESE (polydimethylsiloxane, PDMS)

Je— PP JGRE I F SRR R, R EASZH S R AL 70 1

127801-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024)

127801

PR A, #E i T nl bR 58 B [ Ak [ AR S Y
PDMS 593240, |12 F T Z AR IS B2 FA=
AR 3 25 SRAT, Z B AT 22 R A7 g i
B A TR A TN i E LU R [ 4R R
BESRAE S B OL T, W] [ £k By B 1) PDMS 54t
PEARAEHEA T . 3 A I A B RO, mT AR
Pl b A5 20 S5 B, DI AR ) ) 2R AF - 5 X6
[F) o o [ o P v P s A A A 0 . s LR
FHh2% ISBS Jeifk il R 40, 7E[H— R 5 Tk
5% T AN EAG Y BET i PDMS S8 4k, seghrp
L 10:1 14 Fe R & S AR 20 43 (Sylgard 184) il
R, TEEIRIAEE T AREf. & 4(a) X T [ fk
6 h, 8 h, 10 h 1 48 h ) PDMS 7 FLIHGiE, HELk
P T 14 45 161 Ak B B 11 A3 B RS 1t 121.04 MHz
B K F] 122.63 MHz, (115345 %] PDMS
i A T A P AR AR AN ] 4(b) BITaR . Bl s ) A
A%, FHIEAE PDMS W &GS E 1042 m/s 3
KEF) 1056 m/s, KRG Y E4LHES N [E,
HE—2 IR T 38 4 I R GE e AE S AR A ) T S
A2 F A 1 52 560 0 B i W 8 Jie ol — ol
FIRZHEREW), SR IE T AL, T T 40
AR R R IF REME AR I AL 210 T 2R MR
R R A R 2 BT AR B IR R S5 R TE S Bl
BEF PDMS B840 b - 3R 20K, I
F 5 3k [R]— AP A 2 60 A ek 1 2 ook
FIXTEE. X B 2% ok BN IR R b 5 7813
JKIRAT, 80 °CNFAJE 75 T - [ £y [ 25 i
PRI REEEEE, A AP 22 1SBS 6 ik & 2 415
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10 Y S0 B 5 P 2 A FL KOG 1% AN 151 5(a) Bir
. BOHE S AR T RIRBLIET TR ER IR, AT LA
A 6 FhE A p A BRI, | 296 S (B4 B
DO, BRI ISBS Sl il LAFE 4 fi B PR s AR
PRV & P A T X S5

i 3o A IR A 10 YR S A4S 1) ISBS
JCIE MRS T T, 43 0] T3t P S P U R
B, IFAER] 5(b) thifEfT 1T XS L. A AR KOS AT
G TR Y R I il 1 22 57, SR TN T3 AR
AT R it G S JRRAF T R A i, 7 s 0 (53]
A (1467.7+£1.7) m/s A1 (1468.1+1.4) m/s, 7£45 H
) Lo W EIN RIFFAEE S, DR M AN Ao 7 S0 LR
ST RRFFIH FAZ BRI AT 23 B, W& 5(b) iRl 2 12
7. T 7% R A BN SEAS B R MR R NS,
BT I A0 280 i 22 S D I AR 45 2R IR

4.3

1.0

1.0}4(®) 1056 -(b) ® (c) 3
. 0.8 }—— PDMS =
@ 09f o~ 10531 fou — Bl
X | X
F £ ws0p ® 5 oep
S 08t G ke
< ~ <
] B 1047 b | 04r
& 0.7 b} g
1044 | 0.2
0.6 ¢ gh —48h
X ) ; ) 1041 , , , , , 0 , ! :
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SR /MHz [# kB TE] /h R /MHz

& 4  PDMS K IR BRI B ISBS Yt 1% FitZh s I e
556 W 1) ISBS 3% X He

(a) AS[H] I fL s [E] S PDMS #) ISBS JGig Al (b) 75 3 i 45 51 (c) PDMS

Fig. 4. ISBS spectra and viscoelastic measurements of PDMS and agar: (a) ISBS spectra of PDMS and (b) sound velocity under dif-

ferent curing times; (¢) comparison of ISBS spectra between PDMS and agar.
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Fig. 5. ISBS spectra and viscoelastic identification of com-
mon edible oils: (a) ISBS spectra of common edible oils;
(b) sound velocity and acoustic attenuation coefficients of
common edible oils, the rug plot indicates the overlap of the
sound velocity for each sample; (c) three-dimensional vis-
coelastic identification based on sound velocity, acoustic at-
tenuation, and elasto-optic coefficient.
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Abstract

The mechanical properties of cells and tissues play a crucial role in determining biological functions. As a
label-free and non-contact mechanical imaging method, Brillouin spectroscopy can characterize viscoelastic
changes in samples with high spatial resolution. To sensitively identify small mechanical differences among
biological systems, it is important to improve Brillouin scattering efficiency while combining various viscoelastic
contrast mechanisms in measurement. This paper presents a high-speed Brillouin spectroscopy based on
impulsive stimulated Brillouin scattering. The acoustic oscillation can be excited in a single shot with a pulsed
pump laser and detected by a continuous probe laser in the time domain. This time-domain signal can then be
transferred to the frequency-domain Brillouin spectrum with high precision. With this method, various
viscoelastic information including sound velocity, sound attenuation coefficient, elastic longitudinal storage
modulus, and loss modulus can be obtained simultaneously based on derived spectral information. Owing to
stimulated scattering and time-domain detection, spectra with a signal-to-noise ratio of 26 dB can be achieved
within a millisecond-level spectral integration time. The average measurement precision for storage modulus and
loss modulus of the longitudinal elastic modulus are 0.1% and 1%, respectively. With this method, the Brillouin
spectra and viscoelastic parameters of typical liquids and polymer materials are measured and compared,
providing a comprehensive reference for viscoelastic parameters. We also study the elastic changes in different
curing stages of PDMS and make a comparison of viscoelasticity with agarose gel. Moreover, six edible oils are
identified based on various viscoelastic contrast mechanisms, which not only provides a new perspective for
material identification but also expands the measurement capabilities of Brillouin spectroscopy and enhances
the sensitivity of viscoelasticity measurements.
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