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Future Directions in Biophotonics*
Microscopic Imaging 

Biomolecular imaging with X-diffraction
Non-linear imaging devices

Unlabeled viral, bacterial dynamics
In vitro imaging of protein complexes

Sensors/Assays/Probes
POCT Devices (Optofluidic Lab on a Chip)
Highly targeted nano-particle probes
Probeless, Raman Flow Cytometry
Personal health monitors, metabolometers
High speed wide field array readers

Clinical Diagnostics/Therapy
Real time pharmaco-kinetics
Biodosimeters (radiation,viral, bacterial)
Response to therapy monitors
POCT devices for diagnoses, staging
Image-guided micro/nano-surgery
Non-invasive cancer, etc. therapy
Stem cell ID, tracking
Self-reporting In Vivo Nano-clinics

* Caveat - I am better at attempting to create the future than predicting it!

From Stefan Hell, 
Phys Rev Letts, 
2005.

Fluorescence-guided malignant glioma resection, 
courtesy of Zeiss Inc.



Examples of sub ps lasers
1. Dye lasers: pulses as low as 10fs, wide spectral range by changing dyes. They are less used since the 
development of solid state lasers.

2. Solid state lasers: they are diode pumped, and they use

a) Transition-metal doped crystals

Ti-Sapphire lasers, with or w/o CPA (which is implemented in regenerative amplifiers) give pulses as short as 
5 fs, tunability range 690-1000nm, rep rate in the kHz-100MHz;

Chromium forsterite, tunable between 1170-1340nm (difficult to achieve with other lasers), potentially good 
for ablating tissue because of low water/tissue absorption

b) rare-earth doped crystals

(Nd: YAG - YAG lasers - or Nd:YVO4 - Vanadate lasers)

Mode-locked high power thin disk lasers (Yb:YAG at 1030nm) deliver the highest average power (80 W) at 
pulse energies of several microJoules and subpicosecond (700-800fs) operation. Shorter pulses are possible 
with Ytterbium-doped tungstate crystals (such as Yb:KGW). 

Solid state lasers, once the choice for subpicosecond, high power lasers, now have strong competition 
from fiber lasers.

3. Fiber lasers:

Mode-locked fiber lasers: the gain medium is a fiber doped with rare-earth ions (Erbium, neodinium, 
ytterbium, thuliom, or praseodymuim), delivering fs-ps pulses with a large gain bandwidth (enabling 
wide wavelength tuning range). The performance of sub-ps fiber lasers and amplifiers is limited by the 
strong nonlinearities of fibers and/or chromatic dispersion.

Example: fs Erbium Fiber laser at 1535nm,



Short Pulse Lasers 

Research lab-sized (e.g., Nd-YAG 
pumped,Ti-Sapphire)

Commercial, 
compact fiber-based 
lasers (e.g., Yb 
doped fiber) 



Some Imaging Applications of <ps lasers

Multiphoton Fluorescence Microscopy (laser 
scanning confocal microscopy)
Fluorescence Lifetime Imaging Microscopy
Time Correlated Single Photon Counting 
Broadband sources for Optical Coherence 
Tomographic Microscopy ( e.g., YbDFL, 400 mW
avg, BW > 30 nm, 170 fsec, ~ 1.5 micron resolution)
THz sources
Laser Produced X-rays (soft to Bremmstralung)
X-ray FEL (coherent, ultrashort pulse, diffraction 
limited) Diffraction Imaging 
Multiphoton Harmonic Generation

Tunable coherent light source to XUV, soft x-ray regime



Imaging

Multiphoton Fluorescence Microscopy (laser 
scanning confocal microscopy)



Imaging

Fluorescence Lifetime Imaging Microscopy

Paul French, Imperial College



Imaging

THz sources

Michael C. Martin, Lawrence 
Berkeley National Lab



Imaging

Laser Produced Plasma X-ray Source for Live 
Cell Imaging

Bonfigli et al., Microscopy Research and Technique 71, 35 (2008).

In vivo Clorella cells



diffraction pattern reconstructionsample (SEM image)

Phys. Rev. Lett. 99, 098103 (2007); PNAS 105, 24 (2007); Nature, News & Views 449, 553 (2007); Nature Photonics (Feb. 2008)  

Multiphoton Harmonic Generation
Tunable coherent light source from fundamental to 25th or more 
harmonic Table top coherent x-ray source for diffraction imaging

1 µm

Anne Sakdinawat, Dave Attwood (Berkeley)
Mario Marconi, Jorge Rocca, Carmen Menoni (CSU)

Changyong Song, John Miao (UCLA)
Richard Sandberg, Daisy Raymondson, MM, HK (JILA)

X-ray beam



Some Categories of Medical 
Application of Short Pulse Lasers

Precision Cutting/Drilling

Laser Generation of X-rays, Charged Particles 
for Radiation Therapy



Medical Therapy Application of 
Short Pulse Lasers

Precision Surgery

concise control of damage using pure photoablation 

~ depth of cut: 1 /pulse 

tissue independent

no lateral  heat transport



Ultrashort pulse laser tissue 
excision

Ultrashort pulse lasers minimize collateral damage making them 
valuable for dentistry and microsurgery

L
~0.3 ps 

E
L
~3 J/cm2

L
~1000 ps 

E
L
~35 J/cm2

0.1 µm



Existing and potential  fsec laser 
surgery markets



Ultra Short Pulse Laser Therapy

150 fsec

1 mj/pulse

1 kHz

Practitioners want a high rep rate, sensor-controlled, 

compact system for use in dentistry and microsurgery



SPL Delivery systems

Free beam

Superficial treatment

Optical fiber

Lens

Min. invasive, 
intravascular

Articulated arm

Clumsy, but 
most versatile



Spectroscopic sensor feedback control 
facilitates delicate surgery

Plasma luminescence spectroscopy 

provides means to discreminate bone

from soft tissue



Laser Spinal Surgery
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Some Categories of Medical 
Application of Short Pulse Lasers

Precision Cutting/Drilling

Laser Generation of High Energy X-rays, 
Charged Particles for Radiation Therapy

Device Market:
~2B/yr in US



The concept of laser particle 
accelerator



Proton particle generation with 
lasers

www.extreme-light-infrastructure.eu

LLNL, Jena petawatt 
facilities - projected

Necessary level for 
clinical device



Issues to address with Short 
Pulse Lasers

Cost  (Dentists: $30-50k, Surgeons: $70-100k, max)

Size surgeons, dentists, dermatologists, etc.  need 
small

Complexity
turnkey operation is imperative

fiber optic delivery highly desirable

Image- or sensor-guided critical for precision applics

Energy/pulse ( 10 J to 1 mJ)

Avg. Power
Depends on application (1-1000W)



Take-aways from this talk

Sub psec lasers (SPL) are ubiquotuous for 
bioimaging applics like multiphoton fluorescence 
imaging
SPL is making incredible inroads into other imaging 
applications like THz, Table Top X-ray, XFEL
Laser Surgery and Drilling is a critical need that can 
be met by SPL
SPL surgical devices must be cheaper, smaller and 
embody f/o delivery and sensor guidance
Laser particle therapy is becoming a possibility, but 
cost/size of facilities must be < $10M, fit in 
conventional rad onc treatment facility



HS Academies

Graduate Research and short courses

Teacher Academies

MS Camps

Undergraduate Research

Public Outreach

CBST Education 2007


