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COQIaaC Coherent Raman scattering microscopy is widely regarded as a powerful tool for solving biomedical problems
due to its chemical specificity label-free imaging capability high spectral resolution and high sensitivity. However
the clinical application of coherent Raman scattering imaging technology has long been hindered by environmental sensi-
tivity and large volume solid-state lasers. Ultrafast fiber lasers with their compactness and stability can effectively
overcome these shortcomings. In this paper different realization methods and research progress of fiber-based laser
sources in coherent Raman scattering imaging are reviewed including supercontinuum fiber source soliton self-fre-
quency shift fiber source fiber optical parametric oscillator and synchronized fiber source and the future development
is prospected.

C QT A3C @onlinear optics  fiber-based laser sources coherent Raman scattering imaging supercontinuum  soliton
self-frequency shift fiber optical parametric oscillator synchronization technique
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Fig. 1 Schematic of al-fiber laser system for SRS based on broadband supercontinuum a Energy diagram for SRS. When the
difference in photon energy between the pump and Stokes beams matches the energy of a vibrational state of the target molecule
molecules are efficiently excited from the ground state to the corresponding excited state and a pump photon is absorbed and a
Stokes photon is generated. b Schematic of the fiber laser. The laser system starts with an Er-doped fiber oscillator which is
mode-locked with a carbon nanotube CNT saturable absorber. The output is split into two arms to generate the pump upper arm
and Stokes lower arm beams. The Stokes beam is modulated at 10 MHz with an electro-optic modulator EOM  temporally and
spatially combined with the pump beam and aligned into a beam-scanning microscope. Transmitted beams are collected with a con-
denser. The pump beam is detected by the autobalanced detector after the Stokes beam is blocked with an optical filter. The refer-

ence beam is sampled in front of the microscope with a polarizing beamsplitter BS
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Fig. 2 Clinica SRS microscope based on polarization-maintaining optical fiber components: (a) SRS microscope in operating
room. (b) Key components of the dual-wavelength fiber-laser coupled microscope required to create a portable, clinically compatible
SRS imaging system. The top arm of the laser diagram indicates the scheme for generating the Stokes beam (red), while the bottom
arm generates the pump beam (orange). Both beams are combined (purple) and passed through the specimen. HNLF, highly nonlin-
ear fiber; PD, photodiode; PPLN, periodically poled lithium niobate. (c)(d) Raw 2 845 cm™ image of human tissue before (c) and af -
ter (d) balanced-detection-based noise cancellation
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Fig. 3 Multimodal label-free imaging system with controllable Stokes wavelength t, and relative pump delay tt . BS beam
splitter SM silver mirror PCF photonic crystal fiber LP long-pass filter BP bandpass filter SF6 SF-6 glassesrod DC
dichroic beam combiner OB objective lenses PC pockels cell Pol polarizer PD photodiode. Inset on the right measured
relative intensity noise of the fiber laser red and of the soliton self-frequency shifted pulses black .
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Fig. 7 The experimental setup of passive synchronization fiber lasers used for CARS imaging. EDFO Er-doped fiber oscillator
YDFO Yb-doped fiber oscillator AMP amplifiers ASB active spectral broadening module BPF bandpass filter SP short

pass filter LSM

laser scanning microscopy PS phase shifter OC optical coupler G grating SMF single mode fiber

WDM wavelength division multiplexer TM tunable mirror PMT photomultiplier tube



edeeeeeeee

ee € @
e@eeeceeeede ™
eee
eeée
dode ®
e eee
C
ee ee -
ee
geee @ee eeee &e eeee @ .
ee
@0t @deccedee e@ece @ee e@ece @
geee @ee eeee &ee eeee @ .
ee
@0ee @deccedee e@ece @ee e@ece @
o eeee @
eeee @ L
eeee @& ceee . .
SOAN A AN AN A AN A A AN em%eee \\\\\\ e ee
c@0ee Boceedes eaeee &
eéee
ceee @edecee ceee @ceeee eece & .
e
e@ote @deccedee e@eee @ee e@eee @e
eeéee @ceeeee eeee &ee eeee & .
ee
@0ee @deccedee e@ece @ee e@ece @ eéee
A A EAAAAAL eeee @e A
ceee @eeeeee . geee @ . .
\\\\\\ ANONN NN N N AN AN e%%ee SN AN A e ee
SR008 BROCCOBES caeee @
eeee @e eeee
geee @oee eeee @ . .
\\\\\\\\\\\\\\\\\\\\ eR% @e A ANA AN AN e ee
od0te Bdcccedeste edeee @8
eece &ee cece &ee ceece &ee .
e
et @@eccedee @t et e@eee @ee
AN A A A AAN A AN NN N ééééé
eeee @ee eeee @eee
SOAN A AN AN NN N A AN NN AN AANA AN AN A eeee PN
SEROEC BEOOCOBEEAR e@ese @ e
\\\\\\\\\\ eaeee &




eee e

D

C
[e{e e (e oTNG{60{08E(K3088(30€8(28608CEE(3C(2(HEEO0EI(I16E(HII1EE(S0EEE(2(1€8EE0EEE0(10{60{ECEIIE(HE(HNEE(HEE(H S

edececdeede

ceee e
ee
&
86 dde  edeée
see
&
ac C
e
&
&
ee
eee eee
eee
eeeee
ee @e eeeee ee
see
& &
eee
L eee
aeeeeeae e

208 eee & & P AN coded
NN aan A eeeee

e

caoaxe

€ @CCCeR® & GFOOLOE EEL MO0 areedarotteeesared®e

-
(04
(04



eé €

D

GEC © GR O Reee ®ee ecece @eceeceeee

EECEEE £ CECOERROLEedre & EOOOdr 60 CorodEdree

& B0 FPORRDNDRER0S & 4P ORCORRS Bode @

e & @eeeeee

@00 R X AL ROFPORAL ¢ ERRO0COPPIROTPO®Re
€ EC0CC CRMPOROCOOR RO @oce @6 &  ®eceeeee

© @ EOCe CRECeEEe CCOMe COMOaDCOdREEeeeoese OHEe ede

SOOI ACOTRMOARA00 A0 200 20R00me

eEC € 4P OR® EBEcceodee @eeee

@ B 62 COe ELECeet CORFraOteabaedr Ce eeared

BEDE G BOEBOREAES & CARBCORNE & EDOABORARRE
CEEC ROARCEOEe Rt ®ee € eceeee

€ ECEE CCEE €E EEe e eecacacaed eaedeeee ee eeeeeeeee

SCORBOGRAD SROORE & EDOAERORORIED CONBOND 200 dRde
CEHEE Eee @e e  @eeeceeeceee

@ COEHRE EORECOE @ dede

YIS o
€ Ghcotoal code ®ece @ee €6 @eeeceeeeee

@ EE & O GP 00 CCLOARIPOMeOEetete (IROEedEe €

€ 662 PP COOHIDROE FRORCEOEEOaRaT 66 C0MEeareee

GECE € ERECEOECOOREbe Cee e eeedt eeeee eeee

ee &ceeeee
RN E RECOROTPRE & OFP0C o0 SEPER Boceede

€ EEECOMEENT COROEAEOT GRENE CEEOE 60 COECeaRare

€ GEOE0Ee @eee et ecee @eeeeceeceee

€8 EEC CRE @ EEOreeR AL O EOaPEreaIPRade ece

OO0 FDRACOMOAD A0 CORONRERE & 3 PP ocRede &

eéee & e

geeeeeee

€€ EC COEEEEE L CaPL R € G EeELeEee e ceareed

T .
EERe € RCCeOPOR C COEeCeRarR Ceeee eee ee €

eeeeeeeeee

€0 EBEOEEE @ XOOE EOOPDE OEPErar cedoe e el

COOHPGRORE BEO000E @ OFC SRR ePRE0eted®

© B0 EEC EOPEOEEee EoEee ceeee cee e

eeeeee

€€ Eceeceeeee 2 62 edaar 62 eeeceedeae asdreeceaeaceeese

CORCOALOPOO0E 60 C0CC D000 € @ eaviotedd® e

céee @ & eeeeeee

CE @EE O OCCOL ER EL Lt EOMOHEt EeCeeeearbare

COCORCEEOAL OO £C COOEOLATAPE0L BFPibetttedte
@ CPCARER0COEORLOREO000CHTRE © R oarie®

®F Eeee ®e ee  @eceeeceeeee

o @ OORAONRD GOGPANG &M & CBIGER BobEGRee
COEE COOAC COROOEE ARO® Ot EF° CO0OEe® coar

CEECOECE 60 ECOCCEAPTEete BXPACEEe © X CHECEaRE €

ceee @ e @ceececeeeee

00 @ECCOLE Lol e OCOHE® CCeE  COMLHER 68 BOm

B OO 00M000 AR A0 AR000R 00

CEECEACE BC CCOECOAPEE BEROCEce € doceecedesced

0 C CAPCOEE COCEE COOMEODEEee ceeee eeee e e

eeeteeeteeee

88 @ EEOEE CECOHREE 6 CHPC B R CRHPHIE (OCRet exrEee

EE0C0EEAPOPOEORRNO0COHORC 60 0000 B000E & @

€ CaRORoAE® @oee @6 66 @®ecceceeee

€E €ceearace €@ Ecee eceedeee eeacedie arraceeeeare

T T T Y T T

€ CCaRERECE CCEOEEE ECECECE R ECEE € e eareeeee

CEoEe Reee @6 e @eeeeeeeee

D/
M/

D/
(2

D/
M/

REECOEEER e et Ledte e

€ 60 EOLEOOHEEPEC C OO0 E ELE COALCEER aBRRe 60

0080 € o ecdede @eee @ & @ecceeced
@O P oomettedt & PG SOROAEL eoteeaeae

EECeeet €€ eearearaeaeeceae 8L eeecee aee

CEECOOMECEEEEC COE LTS € @e e comedeedgreteee
CEEe @eee & € @eceeceeeee

Eeee e coceceeedeee caraseeeaeaeareee

2ed2eeeceecaceace € ecaceceeesceecaeee eceare e ecee

R CEEOEe ece e &  deeeeeee
©COMMORE COOOENON B 00 EROORD COBOdER Bode
O SEEEOECOORCHLOHD OMOOHE 60 COMOOdEaRe® &

CEOECECEEe CEREECRCOEOECOMOBaERRoE € Ereeteeare

EO00 CAPOTLEORTTL C 600 &000E &Pe &  &teeee

EEE S0 Pocced PRIRNPeced tee
CORC L ECORCORLRLEORCOMPEOPALOREOPOOHEEe €
€ CCOPONOPOPOO00H0e © FL AP0 ekt @
ee é& @ceeeceeceee

EOTCOFE ® @ECOEER @ EoeHD E EUDHD codardre

eceeaeeeataeccecdreeaceecceeeceaceeeasceecd eeeseeee

ERERC RO OORORRL CRPO® 00 COBLALIPOR® ER00eee
€ EROPR® e OROFR COPoERe B0t & & ®edde
© OEOE ROE 000CORE AN R GaaE
IS

EEOeE OECCEALCCCOERORE CORE ¢ &0 e com

&Rt @eee @e &

€ cceeceeedee eceee eceee  ee ecee  eegeegeeeeeedree

€ eceaceeasee eeeeearece! EoEscare e

€ R EEE e ek ceee  eeeceeece

© CAE0OOHEE & CCOHX &0 ECE eoHEe @eceeeeee

eEeeececataeeee eececeaeeeareaiecearececesceaede

EEECEERC 60 CORLCaROIE (HA0O000E € et ceeedee
@R codee @eee @ ¢ @ececeeee

@© CCOEC E0 EHECEL &0 EL OOt EOMLAC eotelctarRele

Rt S0 A CO AR COt A0 AARIN A0 S0 ot aode

COEEOEe € EXP € 0 OCOROMOEeerOece Coaarbee eeee

@0 B EOORE Blte @e & deecéee

eceeeeeee ee

0D OO ARRROOECONOOED & BORO0MDANAE
e @eee doee @écéeee

@© CCER @ OE ERCCEOEEEOCCOOOEOERoEeEOPece®e

axe €eeaceee ceeeceacecaeeeceecearreceaeareee

EELEORE CORPOOOMATOR® PPt & &P codrodeoore

COEER @ete &e & &edeeee
@ ECEeette L e Sooteto@oceeeecaree etetede
EROFRECCEOMERDERDEE & @ COME MRED CobMEAate
€0 Eeee @6 & @eceeeeceee

@ eececeE e @ ece e eee esee eedrareaceadte

ecacececeeaeaececececececcesceecegredeecee ee ece

T T I Y Y Y
ee & @eceeeeeee

RoRCEE RER® PR 4
€ @0 oaROPeodee ®eeE @6 e @peeceeceee

Eeee @ e8oeee e 6 eeeceececeeEceeeeareat eaeee® ee

& CORONE O CRD OSSR R A RO RO AR N0 &

€0 COEROMme BPaRE GRee € @ £ OHPee 6L € ceapdeee e




D

D/

o
o))

(03

(9]

D/

o
o

D/

o
o

ceee @ee ee  @eeceeeeeee

@O0C COTIRE COCEE COELe CCOOOEOeES COMOMRe ERdReee

BOAERORONEER & & 00 AN A00 AEB AR HBOR
CEEEC OATRC GPOOEOOE COCEETe € @ ooapdo et €

ceee @e e  @eceeeeeeece

BE0 RO 00 AOROBNR A AONRNES CAEBE COORRONE
AROGE COROCOEERCER0R0EE EORCECOOILEEIRe & dede
€ CORONE CAPODOOMRE Boee & & &®oblededee

@eec e eecee eedeceea edbdie deedeedeeee

aeeceeeceecearedeesce eeeeeceece

CORECEROEOOOEOFEEOEORE B 66 EREOEe € P edbee
CEaRE e @ ee  @eeeeeceee

RO000E P00% R0000R® AMHARAS AORRAERA0DRS

T N N Y YNy
SR ECE € EOOEOECCoEEREeCoar cecee eece e €

eeeeeeeeee

Y T T e
COER 60 COMLOEREREE Ce e @ dtrtecottemeddrede

egeceeeeeearee eeeegtaeedeadtece € aeeeeee

€ EOEOMmE 6O e @ece @6 e @eeecéeee

@eedE € ORI ReOREONE Eabie cdIb coedbocede

AR RO 00 AOMORAAAORNE MDA EDANIRAR
COMROAPOMe CATROMRES & EP codred et edRe €

ceee €e ee  eeceeeee

COAROGe CAIPOMREERLECe COROERE cobedrtedrte

GECE € aROCCOCEeOTArCe BEOMEEcee e ekl e

céeee @eeeeecee
@ EECE 6CEEE EY &0 CaR @Y OBOHRLOOrOERdRED
CECECEOR EEROEE EOMOEEeCEOHPOE0CReedreteeed®
€ €6 COEE EEEC © GP AL COMOHE CaPOP CORES eee &e

e eeeceeeeee

@EL BEE Mo MEDED O OO0 e oHb coered
EORELOEE RODEROCODMPLONTON00 & & CORMMR et &
EFP @Cee &e ee eceeeeceeeee

Rooi® RRE® Cod AR EALALLCOECOPLOHE FRedRee

€e6265C8 ea2aEeee 66 ececeeaaeeee eacececese arececes

000 AMONR0EN00 & © AROCEROEARRERCORANE 008 &

DR ©eee @ee ee  @eeceeeeee

@O ECCHE @ ELar EIREPCCOIEgREdeeeeece eed

£E330a2 626062 ££0CCa0HE £EEECEL €6 ceaceearaese eeacee

COOELAROFIEOOND OB OMOTDOADECOEAEE & @D a0
CEOEEE @ece &e e Eeececeeceeee

EEEOH. B0 CC 6P ROCOEOe CEErairoareceodeceee

COROALOREPL CEREOR 60 COROAEPo® dFetee & dred
COGTR® C00GP ®0ee & & &®edéee

@ ecee eeceas eaedae
CEROOR OO0 CE0CENIE EEORL 60 COEROARARE B

CECECOEORECOTEOCOEFOO0COEe € APCeeet ceeeeeee

eeeeecee

€ ECeEe ecar €2 e6C ecdeaEe ecececeeeceaeeeeecee

OO D O A O ORECO 0 Do RDONRORARRR

GEC € 4B CaRORedbe Oee e 68 @eceeeeeee

EOR00EE EOME CORORCROCOMOER 60 coMbodRaRoradee
CEOHE E00ECEOELOAE COCORCHBRHRe ¢ aRdte eo

CCOEE € COHEOHEce et & € @fe

@ ECEEE ECOEEEE €CEEE EOROdbeeearaibototretemeee

€ EEEeECCCOTReabeCaPIrecoearedt emecte ee ece

D/
0%

D/

-

D/

D/

D

D/
0%

D~

@ EOEe © EOCALOLOLOME £ E6E & eeeeeee

eeeeee

 OEDAEE ED G AR ARARROARED COAEEOOCOR ABRS
CEOHPEER e BBXC © @ e CHEECCEHD® ceeee eee € e

eeeeeeee

© COOEOEE0E CCECCEHRCEE EC e coEEEee eoededd
€ ECECEEECeeME EOCCCeCeeHr o eRedr et et ceeceece
D00 OARAR00 B0 G20 & &
€ CEEOR EOB0E. @ECe e e  @ofeéceeceeee

@ COOEE R & COOMOREEE a0t CEPEe dboee e

RO OREE0NEND 00000 RDAACEDRAOERS &
CEEEROGPO0E EPe € &L CArOELEOHPE0eo®et dete &

€e € eceeeeee

BOONE 00 OR OOOR  CGINIES COMRAE AORERNEOES
CEREOEE & FECRCOROEOR FRod BO0R edcceit cecede

COEEE © O OHEECCEE € COEOaree eeeee eeece € e

eeeeeeee
EERE OXCOE @ oo RELAEPOeR € cTrCCaresr®Ee

© ECECEERERER & HLEEEaT dEtoetitcemeteietedrecte

€6 EEIROOPe0ee BXPe € @oetedree eapd® eceee e

€é e @eceeeee

N N T Y
CODEROND0CE CRERABOM SO LOLOKDAEPAOR. HRANRS
CEECEEEC CCOHECEEEE € @ CEaPee €L € codedree €

eeee @ce @eeceee
@OCOE RO EERE EEEED cCoReoRaretoREEne

eeareaearearececeares e eececeaieartecaeeceee

CEE e & @B OdRo el & COMAaRee @ ®ee déceeee
EECOEEEL R R BER R Ot ecerare®e
& COMORE CORA0E AROMEOOMOIBARACONNED CRBA08 80
€ 6CC ECOHEOTEE € e € @ CEEeEe € eeee e eee

ceee eeeeceeceee

EECOROREE P AR RO ® AURME SOREORR

e arees ececaeade ecdceds aeae

SEEAROORE SBEOR 00 CORLOIADAS 0OCRE S & AR
Gete € ddod@PEcodede @eee @ & @eecceeed

@@ EeE® ECctt® EEPEP COORPEROEete ®og e

SO0 GO0 SATORANND CARROR A0 AORNONDDAD DM

EEEE € EEOOEOR B e e C EEPOCC et o eeede® €

eeéee @ee & @eceeeceeeece

00000 30 00 SN0 P RRROARORA0ORAR OO0

ERROEOE0 & & 00 CREREERE FRAPERONE0eE 608
EEC © EEeECee ®eee @ee ecee  @eceeeee

REE ©OCOOHEr 60 CORHECOTROCOECHE 60 COEOREaee
fesycletslcle ey se cleole celelele s o e e et s e s e sle e sle e selese s cleceleC ole]

EO00C CORAPOCLOCLOOPOHPE & RLOPEE ebbee e

ee &eeee

@O® COMPoHRY & EOEar & AL oo aeeeee
PO OROROOCCALOMTE CReLto e tode e @
CEOO0HP CO0RC et @E 66 dececeeceeeee

EEOE R EE CeeceE EIPEP CooRCHRegREr®e e

OO0 AEROEAR0 SO EDABOCOORAMNED S
CEEC 60 COOELOAPTRERE R0 & @C coarodete &

aC @eee @6 € @eeceeeeeee

BODR @ DOCORRENAE & 00M CORAEED COORRERNS
CEEE EORE COROCOR 0P CORMPOAROCEeetroRdree

€ eeeceadre eeeee eee

O AP SL0ORNTE0 SRR0M0

€& eeceeceeceee

@R Leeee EEE RArHir errecEdinedreceeseee



eé

o
o

o
o))

cSTefes oo s SeloEle s St alen st s clet s Se ele ST Seet sele STt e oY T
COCORROAENEINE SANEAES 00 COMGRNDE & AR CORERAR

CEEE XY ®eee @ ee @eceeececeeece

P L e T T e

£ee6Ceeeeeeaceceedeeace ceceeeaeceecaeeade eaeae ee

€ ECCERORHE0 BOC0ECE0ELE cAR B CRtc e ®e

€ EOOROE0HRe Boee @e &  docccececee

EEE SN E R OOREP EoCcooEoNar eedee
€ 0 COCOMDPROCOEAAELE COCOROHPO000E & docededd

aee ©eee @e & @eceeeeeee

@ e Eeeee e oaraEra eaaeeas ee eceeeararee

D/
D/

€ BEPO0EER0EOMN BOOR0AREEREOACHOREE0OHeeEE
I I N Y Y Y

€ EE0EERe eee @6 & @eeeeeee

P L e Y T e

ereecdececaceaieaiecd aeaceaceedeaecaeee

€ COCCCOEAROCERCE ARCOHP CRMOCE 60 CotttodRdte & @
COOPO0OTRC Boee &C & dobbedddee

@eee eooceedd &oedeee &
OO O R OO RO 0 SAIAEAAce
EERC & CROEOINOOMAED 600 © EP CooRPaPoE cete e

€O EeeEce eeee e e

geeeeeee



