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Multi-Photon Confocal Microscopy by Using a Femtosecond Cr Forsterite Laser 
T v M i n  Llu, ShCWei Chu, C3cK-g Sam, nod Piag43io Che@ 

Confocal laser scanning microscopy provides B slsnificam impmvwent in axial resolutioo over convemioml 
cpi-flumacence micmscopy by eliminating out of focus fluomccnce wing a spatial E h  in tk f m  o f 8  wnfocsl 
a w u r e  Combining wc-phmm i"! f l u " x e  with law scanning m i " p y .  Dmk el d. [I] achieved 
high arialideplh discrimination even withwt a confocal apnure in fmnt of Un photodetedor, due 10 the qpdmtic 
dependence of the m - p h m n  abwrpion on the laser intensiry Strong fluoressence i s  only induced in fhe vicinity 
of the focal point The background x " t i n g  light and mtofluormce o f  the m p l e  in the m-photon excited 
system is  alwr bwpr The use o f  infrarrd wavclmgfh le& UI dceper peasvation depth in m m  materials, providing 
lhr iipportunity lo image thicker samples T w e p h n m  scanning micr-py have beem applied extensively in the 
field a i  biology and biomedidn+ taking advantage o f  the -1 mpid dcvclopmcm and commercial availability of 
femtomnd Ti sapphire lagers Howwer recent studies on human &in md biological t imes have auggenred that 
the highest peeeating infrared wavelenglh in most h m a n  and biological tisues orinf. m n d  1200-1250 nm 
which is nul available with li sapphire Ihsm. The hidamage induced by Tksapphire 1- light also i n d i a  the 
impoflance of Ending sltemalive light source for the multi-pholw scanning mimoscopy It is thu substantial to 
development the tw-photon confecal -"inn microxopy techniqus~ b a d  on 1200-1250 nm waveler@h infrared 
l a w  light In  this PrBemstioh we will present OUT m studies huephoton mnEd scanning microsmpy by 
UWB a fmtosccond Cr for le i te  lasa u i t h  output wavelength cnnsrsd ut 1220-1240 m 

The experiments wcrc pelformed by using a SESAM madelocked Cr.iorsterite 18- at 1230 nm wavelength 
with a laser pis-dth of 130 fs The average output powerofthe modclocked Crforstcntc 1- i s  usually on the 
order of 300 mW The outpul wavelength o f  Crfonterite laser cm mt also match the penetration window of most 
biologtcal tissues, the induced two-phnon luminescence cm cover red to i rkxd wavclmgth and the induced thr- 
photon luminemnce can cover purplc to orange wavelengul Combining vith i ts high output p o w  and short 
pulmvidth (can be do- to 25 fs), the Cr farsimtc lasers show much hener advantw over the m propod 
Er:fiber lasen A dichroic beam splitter was employed in our experiments to refled the Cr.forrtede iasm beam to 
an X0X cbjective The laser heam w lhen focused mu, the snmple, which .YBS hold by a micmswpe slide Thus 
induced multi-photon luminescence was collected by the SOX objactive, lransmitting thmugh the dichroic beam 
splitter and mllected mto a mol-CCD based rp-meter The image far the specific lumine~ene~ wsvelength 
WBS then accomplished by scanning the -plc i n  a computer wrurolled XYZ stage Figure I(1eft) shows the 
measured twqhoton luminescence f" Com items and Gm leaven The luminescence emiaing a 1 4 5  and 140 
nm from thc corn leaf should be contributed from chomphyll We have alro checked Un luminescence from several 
widely uped labeling dyes, including SYTO for nucleic acid stsins. BODlPY TR for A m i n s - d i v e  probe, Alexa 
Fluor 594. Mitutracker. and LysosacLer Figurs I(+@) dwr 
Shows the ?-photon luminescence f" M i t o W e r  Wed 5 6Wnm. In this pr.?sentatlon we will also " p a r e  the 
iniages I&" by Cr fontetitc laser with tho= by li:mpphire laser 

Excellent Iumine-nt efficiency can be absaval 
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