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WOLER (720—950 nm), H H 75 Fl e DL 55 2E
YIRS B A 1 (1000—1350 nm) 555 =
BRI O (1600—1750 nm). 25 & 6k b e
WAL THE 5 =B ST LU, b T A i
M SEADOCHAFENSS, R a] B F TR IRE 5
fEMRE B S TR DK ES & O, FR
IR TTE N R DS kG, B2 oMg
BOGIK A5 R K ] RYEH (>600 nm) P45 Y
KRR, (HIZRGAFTE RGN T ARBURFISA
e AN R 8L 5 —Fh 7 G 02 M R RO T 7 A
HESEE, (A UEWR B A i Bk h RE A 0.1—
1 nJ, ERLHIOR ™ A 5 W L i) 20 U 5
5 LT AR T [ AL DG R R ROR
(self-phase modulation enabled spectral selection,
SESS) G CRPGIR, RHA5 Y B K RS
PR RS2 B OCTE . I ERFI R LEr b A
R Pl S T ADOGIE R TERL, A I B it
T, B I R R e R A I B e
Sk 55 M, BRI AR AT i 4 K B (=400 nm)
AT AE b FR KRBk b, 2016 4F, Liu 55 19 25 o4
th SESS, flufiTH 12 58 PROGCEF O™ Az 1 AL bk
MEE S BD6 T A AOC L AR AT T KR 825—
1210 nm Z [A143& #9100 fs fkop, fERE L 1 nd.
2017 4F, flifi1=Y HYCR I SESS 7 A4:#9 1080 nm
TRk R RS MPM, SEBE T % AR R ZH 4 —
{351 (second-harmonic generation, SHG), = {4
(third-harmonic generation, THG) W% . 2019 4,
Chung 55 P11 # SESS R 5B EHEPOCLFHOEH
Zh4y, AT T RER M A 10 nd (19 100 fs fkof, Horp
O PERAE 1150—1350 nm 2 [A] o] 3 £2 831 . %06
TR T B AR AR B R ) Z 5%, BF5E T A
(RO RS AR R BE 15200 [A]4E, Chung &5 22
R T 24535 MPM R4, ARG H— 1 m 3
BB POCLFBOC MU A Lt i K 5 5
ar (RN SESS BLH) Fl— & F14 Wl fw s
. LR AT SESS B 12 Er MG
D6 R 1550 nm CRBIk i 46 hy v K il
E 775 nm A1 1250 nm {9 CFPRE kafr. 33 RO,
CEOGIERIK B MPM BEE I & N\ 2K J Ik 21

B P IR R T & 9 (two-photon excitation
fluorescence, TPEF), SHG il THG 155 2. $k1i,
A MO . — ST 1Y SESS Jr ZAT5AR T 12 [v)
7 5 =B S O, ARSCER FARPRAR, $E

— OB KSR SESS JEIRZEM, B IR T G
P AT LIFE 800—1650 nm =2 [7] 4 185 Y K AD ik e
it AP O TR FRATE
HOGIRIR N MPM, SEEUX Z A ) & 224 i i) 2
PSR, 38 TPEF., =6k %t (three-
photon excitation fluorescence, TrPEF), SHG Hl
THG VUM AR B JE 2 P H 52 B T % 1
W RS MZELE S R E AR TR,
3o 55 %5 N X3 A 95 AR HZL (hematoxylin-eosin,
H&E) (W17 UG L, FRATT & PP & 7 2 W45 14
EFYHM RS b iy B3, SONUIE T4 AR A
XSGR MPM 5 PERE, s T HA B AA
Xof il PREHZUREA (R s B2 T e

2 SR E
2.1 ARSI R

P RR T HRAE A MPM 25036 & . &4
ZG5 K T JEE RADIR Sl PR il AL
B REPER NG IR 251 = AR A B B0
il . 1040 nm k330 SESS 1 1550 nm ik gk
3l SESS. i, WU K Ot T s AL 2L B
HLF IR A . BECLE BORER | i Al A d e R
M BET (highly nonlinear fiber, HNLF). B
LR A H O IR 1560 nm ., B SHE R
33 MHz FFpF k. i ik w51 22 ) 5645 i
KZE 60 mW, ko B2 W 5E o b ife PM1550 SG2f
FE4EE] 33 fs. FR46 )G, kb4t 95/5 04 Al &
%, 95% MBE R AR PLHE A B HNLF o Tl 5t
Tk, it H K — DU KE {2 1040 nm. B S, UL
1040 nm BRI B0 3E BA3 e 2 4B 4R O 27 WA gk ok o
UK (chirped-pulse amplification, CPA) % 4t il
K, FAATH M 46, &= oKl
1036 nm., kb AER T 120 nJ (9 175 fs k. Bk
TS R A F ARG 2 an &l 2(a) FTE 2(b)
JiR. Hirp, 2152 FR SCRMAS Y A A R 28,
T 20, JE 2R AR 22 1 1040 nm iy H G RETHE 19 728
B B ok e e %o 7 RO BEARL AR DG 2. P o
AT HE HNLF W 8T ok gl A e s ez
L, SRR R G I 2 A 25 W e T BRARLE B
FRIEEFNBEAS AT

J SR SESS, FRATTHE Bk vf#E A 2 — B 4.3 cm
)% F fib 7R J64F (NL-1050-ZERO-2) H #F — 2

244206-2


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

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 24 (2025)

244206
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Multi-photon microscope

B 1

T XK FEH SESS YeIi 19 2% B M BT S0 3 & . 180, LB 4%, WDM, 3 B i #%; EDF, B L4 ; SMLD, k%

RHEOE — R OC, i th #-G #%; HNLF, mAE&EOLLr; CPA, Wk i ) ; HWP, 3% )1 ; PBS, i fik 70 R &% ; HR, &5 S 9 5% ;

SL, 4B 85, TL, &%5%; OBJ, Wik, PMT: JGHL 14

Fig. 1. Schematic setup of the multi-photon microscopy driven by dual-color laser enabled SESS source. ISO, isolator; WDM,

wavelength-division multiplexing; EDF, erbium-doped fiber; SMLD, semiconductor laser diode; OC, output coupler; HNLF, highly

nonlinear fiber; CPA, chirped-pulse amplification; HWP, half-wave plate; PBS, polarization beam splitter; HR, high reflectance mir-

ror; SL, scan lens; TL, tube lens; OBJ, objective lens; PMT, photomultiplier tube.
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Fig. 2. Spectrum and corresponding autocorrelation of the dual color source after CPA: (a) 1040 nm branch output spectrum;

(b) measured autocorrelation trace (red) and calculated autocorrelation trace corresponding to the transform-limited pulse given by

the 1040 nm output spectrum (black); (¢) 1550 nm branch output spectrum; (d) measured autocorrelation trace (red) and calcu-

lated autocorrelation trace corresponding to the transform-limited pulse given by the 1550 nm output spectrum (black).

ZE

JEGEGIE. 325 TH 2.2 wm AY/ME7 B2 850—
1250 nm 3 B IR 3H ) it 26, TR T8GR
PRSI B 1 ARl S R DG TE  E. AE G vl
FHAA G R G2 8 IE Fr U8 Hh Gi fe 2 RN e A 1R 0,

TeE
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M E s e e, B A AGCE 9 ik vh B 2
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BT G FUAR N B4 Jbk v B

Fig. 3. Filtered leftmost/rightmost spectral lobes and the
corresponding pulse energy: (a) Filtered spectrum and the
corresponding pulse energy from 4.3 cm HNLF (NL-1050-
ZERO-2); (b) filtered spectrum and the corresponding pulse
energy from 9.5 cm DSF.

TE WU R WO Tl i D AR A AR 09 50— i,
5% fER M) 1550 nm [k ih B 4% B4 ELF ) CPA
REUK. AT R 46 )5, Bl = A bk b aE
160 nd 19 207 fs ik, & 2(c) FIE 2(d) BT
IRk v s A [ ARG 2L, TR HNLF,
1550 num BRI SRR EARE L 320 (18] 2(d) 206
SEER) HA H A Z (K] 2(d) BABL) B4
Wiy, Ha it 2E T 1040 nm kb (6 2(b) 2165
Se2%). SRJE, #1550 nm KRS E—BL 9.5 cm
KB @B FEEET (dispersion-shifted fiber, DSF)
H, HAR AR 9.4 pm. 18] 3(b) 22 T 1550 nm
kR sl SESS [y sy e i, Hoh i ( lg 2 Fon i
AN H R G I 0 Bk b B Sl I TR A A
DSF Ffig i, U8 Ik o it 08 (i 3 < PT AN 1280 nm
JAIER] 1655 nm. H T 1% DSF B B A2 Lol
T A EE4F NL-1050-ZERO-2 K184 (9.4 pm %
2.2 pm), K 1550 nm Jk 8Kzl SESS fY % t bk
e Fb 1040 nm kb 3K3hH SESS i — N
. A GIE BRI (K 1600 nm, X

I BB R Bk e R 10.1 nd. (EAFE A, BAR
ANEEE BT B kb BE R AN TR, (R T
26T BT A RE RSN BEnT [ By Y
AE B REIAN 22007 WA R 45 1) R BUEE  ixhE i
ZESEVEAN N B SBCRAT SR

2.2 HFHHEBREE

E N e N ESET R & A g
B 1AM AR E AR EROT kg
. AR AR A 1. SESS O TR i
P O T T S 3 I I IR R A R Sk 8 kHz 1y R
FAHYL (LSKGROS, Thorlabs) #4714, SR 5 4
%5 (SL50-2 P2, Thorlabs) A4 4% (TL200-
2P2, Thorlabs) "W 4 53151 R 2 MG W 5. Y
KA 26 AR = EUE LR (numerical
aperture, NA = 1.05) /K (XLPLN25XWMP2,
Olympus), Hols CEMIk v R 2 21 A PyAE S L, IFIk
PR INAEL S S . AL T EE (F665-
Di02-25x36, Semrock) J 3| AJ B4 i B0 3
UE AR R E AR DG LA S (photomul-
tiplier tube, PMT, H10770PA-40, Hamamatsu)
A B VR A R AL AT AR ) A XA A R A
YR A, AR BRSO AR S R B A
ASTRI B e P AL, 5 fE B PMT X 3855 = B il
JB, AR AR T, A D R A R TR Y
B, BRILZ AN, PMT 9 o H i ot i 42 7 —
AN AEAR R 1 MHz () #L T 8 a5, T I%
I PR 1 s A MR P A DR IR BT o3 B 38 1 i 42
T, WA A e R T S 512 pixel x512 pixel,
30 frames /s [ “HRIT L BRI . B REE 1Y &
KA ARSI A5, e B 1 SR 3%
KK 800 pmx800 pm.

HYGIE S EDCIRIK S MPM Y SRAE ST, T
AT I 2R GEAS [ e 4 i 1 K oo 220 A
AT G, IS 256 T 0O A R 23
=TT M UEE ARG RERE. BG5S 1A
B, i— Mgk 638 SHG B, 4 aE THG
A, WOFIR TPEF #45, UK UK TrPEF
RS,
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3.1 XUKEKZRi# SESS JlRIRBE SN 2
pRES

2 B B TR U B A IO R S B e Y 4
AR ZEE R, B 1300 nm /# k i
XA B S AT B — R B AR AR AT T
RS RAS 5256, 18 Aa) T 4(b) B, 9
1% 800 pmx800 pm. SHG 1115 5 Wt 4 i Bt
625—675 nm (#84-786, Edmund Optics), THG HY
SIS 400—450 nm (#86-949, Edmund
Optics). &l 4(a) H#i#E 1 TR SHG/THG MU
WG EE R, THG (55 I8 T80 i T o8 AR ik,
PRI AT i 7R 2 v g VR R 2 R . TS A
& SHG, FRATTL AT LAY B b 8 2 1] G BE 240 Jfd v o
FECITE R IURE, 0 i oy RO ] RIS TE [+]— R 15
TR T AT LU B BER. B 4(b) Rt i NS H
RN SHG USR5, BRI N2 I
JRLF 4k T sRE SHG 55, KG g B
IR T 2 WA A4 T HES I 38 85 TE 1A i D

B4 B S SESS St IR 9K 2l (1 25t F 1 S0 19 155 9t
KMICRAR R (a) 1 EHZEM SHG/THG E%; (b) A
2 8 TR A A SHG MR (o) ANZEH 8 H&E 4 ) i
SHG/THG K1{%; (d) A &4 TPEF K%, A @Fik:
WS I T A o B (035 3k IR 4k LR : 50 pm

Fig. 4. Harmonic generation and fluorescence imaging based
on multiphoton microscope driven by dual-color laser en-
abled SESS source: (a) SHG/THG image of potato tuber;
(b) SHG image of human gastric biopsy tissue; (¢) SHG/
THG image of a H&E-stained section of human gastric tis-
sue; (d) TPEF image of a human neuron. White arrows:
collagen bundles; yellow arrows: collagen fibers. Scale bar:

50 pm.

YR (HEFk). BRTEHEETZ, §REhd
ARG R AR, anlE 4(c) Fras. B 4(c) MAKE
W H&E e (] B iy SHG /THG BUR 45 3, 3
500 pmx500 pm. Bl ATR S B EERZ, BSEm
SHG 55 R T % B R IR LT 4 (F k),
THG {5 5 W 7R T 5 A0 240 i A%

AT IS IR T AR A %, ZHEVRN AL 25 2
3k A K RS AR ., X3 R 98 AR A SR 4L
5 SHG/THG AN, 2836 BUE ¥ J # 361 5t it i
WA . & WA A BT ST/ N T 500 nm,
RIS SESS Jik i it i i % 1< 78 22 900—1000 nm
78 AR IE R FERY TPEF BB 8CR. 18 4(d) 2
2 M (green fluorescence protein, GFP)
PRCE RIZIC TPEF BE, 913 117 pmx 117 pm.
TPEF th 950 nm ki, (5508 B N 525—
575 nm (#84784, Edmund Optics), AT D575 E
25 2 i B L i T A5 (SR A S, ToARiC
TPEF A% L 68 185 0 7 30 40 o E 245 . 200 o 3% 3k
T E R RIS AR (flavin adenine dinucle-
otide, FAD), FAD 7E 950 nm [k i34 & F R B¢
fig [ &M 500—600 nm BIROEFHE.

Kl 5 AN [E AL B Z R JohRic TPEF g
ZEAUMAHR Y HEE QL@ EIMR, [FFEH 950 nm
Jk R, SN 288 pmx 288 wm. BT U1 AT
Zoid T SRS R %) T, LAk A U FRE 45 52
M. H&E Jetab] iR gl SO P4 0 B e pn e, it
XF G, AR UE XSG SESS YtiEgKk s MPM
PSR RCR. FRATT R B, TCie I 2 WA 24544340 02
THOMANIE S, Tokric TPEF K145 H&E K448
HAA B —80E. E 5(a) fE 5(d) Bix, 1E
WA (k) A — H RN
e HEE E& (B 5(d)) H, AT s B g iss 2 50
W N & — A /b, B, JAE TPEF
% (K 5(a) HLAER 2 58 2 A0 R A 45 44 RAE
SoREA (B8 (3K ) 76 H&E EH% (K 5(d)) HATR
INHYPETR, 78 TPEF B (Kl 5(a)) HdBih/h
MSRZN A FEBE. X T B EFEA, HEE EIR (K 5(e))
HORRFR LRG0 A% (35 8k ) M1 TPER
EIHZR (1 5(b)) RIR SR BER I — B X T2 45
PEE AL, R LA T AR A0 (S
Hi3k) 7 H&E(K 5(f) Al TPEF(E 5(c)) Bl
L 2 B A R A RS
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(b)

B 5 AR 28R R 006 T R 45 SRR I HEE B IR (a) 1B 18 BB TPEF #1148 (b) B 1K TPEF K&
(c) ZE4itE B 419 TPEF [E{%; (d) 1E% 8 2RI HEE QOB (o) BN HEE Je 685 () Z4itEH R 1 HEE @ EIER. 4O
Rk IEH BB B AN MRS B (R Sk JEREANMY; W 7 Sk o A B IR L B A HAY; ST Sk AR A% . LEAIR: 30 pm

Fig. 5. TPEF images and corresponding H&E-stained images of different gastric mucosa: (a) TPEF image of normal gastric mucosa;

(b) TPEF image of gastric carcinoma, (¢) TPEF image of atrophic gastritis; (d) H&E-stained image of normal gastric mucosa;

(e) H&E-stained image of gastric carcinoma; (f) H&E-stained image of atrophic gastritis. Red arrows: normal gastric epithelial cell

nuclei; orange arrows: inflammatory cells; blue arrows: cancerous gastric epithelial cell nuclei; green arrows: goblet cell nuclei. Scale

bar: 30 pm.

3.2  WGKEERE SESS SLiRIRzh & iEss MPM
&

16 3.1 95, B4y TPEF 75 Bl a] 4k B i 25
H&E Jetabl] B M SUGECR, 414 2 USRS
AEFR LB N4 IO L. 2019 4F, Boppart 25 231 $
BT TChRIC H RO BB ROR (simulta-
neous label-free autofluorescence-multiharmonic
microscopy, SLAM): F| H #J 1110 nm ) & F> ik
AT R EHEOR oA G FEAR Y SHG Fit THG, DA
KRS CHR LR TPEF Al TrPEF 55
I, B B K W SESS & 45 i K E =
1100 nm, ¥3iF H 3K 3 TPEF/SHG/TrPEF/THG
DURLZS B AR RE F1. Hih, TPEF B (s 5 I B
1 575—625 nm (#84785, Edmund Optics), SHG #
AR P B 545—555 nm (#65159, Edmund
Optics), TrPEF £ 2 i 48 % Bt J& 425—475 nm
(#84782, Edmund Optics), THG #2543 B
% 350—400 nm (#12096, Edmund Optics).

K 6 = N 2 TPEF /SHG/TrPEF/
THG VUSSR 455, B TPEF & AT LA i i &
FIEH WBRAR (B @7 k) F& B E &S (F

RELR). TEH M RR AL SN HAR M AH TR,
PRAETAEAE S PEANNE (LT (0% 3%). THG B fE
F BB rh 7w T AR AN I B (K
3k, X — XN ) HEE S 5E 2 0 AR B, iR
AT 5E 476 AN LB RS B2, P24 L ELARIR 410
MSE AT . A2 BRI, FEA R DR 1 i 2
Ao L E >, SHG 3 BLE T [A] IR 555 Fno¢
MAE St E N, SE0LS TPEF EUSE AL
TrPEF W 35 B T3 J5E A 8 I i A e vy — A 1R
(nicotinamide adenine dinucleotide, NADH),
WY R RIAE ) Z A7 T Al b, & TrPEF 5
TPEF MBI

B 7 A NS 40 e g 41 20 %) TPEF /SHG/
TrPEF/THG MBS R 45 8. K 7 SR 2
JHF B4 1T A8 IXC, 8 bl A 208 /N i [ 1) &5 2 41 40
B THG #8287 R i1 2. TPEF #
A (B 7(a)) BEJRBLSE 4 41 80K J i /N A e 4%
A, BUGAEMIRE LSS |14 X & UL PR T /1N
() K (55 TSk ). A MR B /N o ) T
R (HERELR), RIHES A JZ R (04 JFF 40 it %) W
AHEBIFR A BRI S (A k), #o i
SRl LA B E WA (k). mifE SHG A%

"
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A
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& (E 7(c) o, A EERAHA (i) & AE B M) o A MR (M (LB £k ) FZe 40
JE AT A=A T e AN RIS S AT HEE K, RS (LLERRER) BIRT N X

N

E 6 MR 8L 2 A iR 4 (a) TPEF [E14; (b) TrPEF E14&; (c) SHG El{4; (d) THG EIf4; (e) TPEF/SHG/TrPEF/
THG B MER; (f) A0 H HEE BIMR. HEF Sk IR 20 EF Sk AL 85 G FF L AORANI - B R B B Rk B IX
B AR 100 pm

Fig. 6. Multimodal imaging of intestinal adenocarcinoma tissue: (a) TPEF image; (b) TrPEF image; (¢) SHG image; (d) THG im-
age; (e) merging of TPEF/SHG/TrPEF/THG images; (f) corresponding H&E-stained image. White arrow: intestinal glands; red ar-

row: inflammatory cells; blue arrow: mucus secreted by goblet cells; white dotted line: cancerous area. Scale bar: 100 pm.

7 HT 40 4 2 2 S R 4 (a) TPEF 1% ; (b) TrPEF El{%; (c) SHG E1%; (d) THG EI{%; (e) TPEF/SHG/
TrPEF/THG B0 &4, () ANLE) HEE BI§. 1 @EF Sk ATiMsE; 1 a8k B, S5k Nk 20a5 k. 444
21 AL TR, OB B/ 2L A2 KL IR 100 pm

Fig. 7. Multimodal imaging of hepatocellular carcinoma tissue: (a) TPEF image; (b) TrPEF image; (c¢) SHG image; (d) THG image;
(e) merging of TPEF/SHG/TrPEF/THG images; (f) corresponding H&E-stained image. White arrow: hepatic sinusoid; blue arrow:
macrophage; purple arrow: interlobular vein; red arrow: connective tissue; white dotted line: hepatic cords; blue dotted line: normal

hepatic lobule; red dotted line: cancerous area. Scale bar: 100 pm.
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AR IIHTFF & T —FhIET SESS £ AR AYHE P
NIRARSE, Wi Q45 4 1040 nm 5 1550 nm
U 0 %, T4 KSEFL 800—1650 nm i TE 1% i 4k
JEW, EEAYALINE— R S E A
ML ZOCIRAE I K 5 5 e R RCR L HUS 280 7E
1600 nm P Bréi i bk v BEHLIA 10.1 nd, AL 50
Wi Bt SESS Jr Z4R A — MR g WK SESS ¥
PV Y e 2 A R B R AR 2 5. SET IO
TR 226 B SR Go e A= A b e B 5
o BRI TPEF K% 5 H&E Y0P i 7 B 44
MAZIEAS | SOARE 53 AR S RRAE b B — 3 T U A
%5 SLAM % (SHG/THG/TPEF /TrPEF) 1] [d]
HAB 7R M AR BRI I | S T2 B 9 e R
PR AL, SR HEE 19 2 4006 B B, AR
FEA MR, ZRGEMBT /N, fEESCRTE .
A AR R BRI TE T35 At 2 DRI, Aok
T KRNI UARTR E Y, JFES A A
NGRS N TR AR, HEshZ AR TEA thSCHE
Ko B AR AR X3 B 43 s R R .
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Multiphoton microscopy imaging system driven by
dual-wavelength-pumped self-phase modulation
spectral selection”
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Abstract

Multiphoton microscopy (MPM) has become an essential research tool in biomedicine. Current MPM sys-
tems predominantly rely on Ti:sapphire lasers provided tunable femtosecond pulses at 720-950 nm. To access the
second biological transparency window (1000-1350 nm), complex optical parametric oscillators are typically required.
Furthermore, sources operating in the third biological transparency window (1600-1750 nm) are attracting
significant attention for enhanced imaging depth. However, no ultrafast laser source simultaneously covering

all three transparency windows exists, thus hindering the

2 1.0 2
widespread application of MPM in life sciences. Here, E .,% E
we demonstrate a fiber-laser-based ultrafast source that g osl ! X g
generates four-color tunable pulses across 800-1650 nm, E @ E
covering the full spectral range for multiphoton g ‘“*\:. ........... ;E ;2
excitation. This source utilizes our proposed spectral selec- = 250 350 950 :10';0\ 1150 125%
tion technique via self-phase modulation (SESS). SESS Wavelength/nm
ensures SPM-dominated spectral broadening, producing 2 10 12
isolated spectral lobes. Filtering the outermost lobes will § E
generate near-transform-limited pulses with broad g o5l . i 17 éﬂ
wavelength tunability. Using this supercontinuum excita- *; ‘ ;
tion source, we successfully realize label-free imaging of g * \ E
diverse biomedical specimens, validating the performance = 200 1300 1200 1500 1600 1700 1800

of MPM empowered by this novel driving source. Wavelength/nm

Keywords: multiphoton microscopy, wavelength-tunable femtosecond laser source, label-free imaging,

pathological diagnosis
PACS: 42.55.Wd, 87.64.mn DOI: 10.7498/aps.74.20251069
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