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IR M08-104, IR M08-107

Problem or Unmet Need 
Laser scanning microscopy generally offers excellent spatial resolution, but poor temporal resolution. The current approach is to either scan the observed region pixel-by-pixel, requiring relatively long acquisition times, or to split the beam using amplitude modulators, limiting the total amount of light energy that can be transmitted to the sample. Reduced energy output is particularly significant for nonlinear microscopies, such as two-photon fluorescence, which require high peak energies for efficient excitation. In two-photon microscopy, two low energy photons can be absorbed simultaneously, exciting the fluorophore, and generally results in better signal-to-noise, increased sample penetration, and reduced photodamage, all of which are crucially important for imaging or photostimulating live tissue. Because excitation requires near coincident absorption of two photons, high instantaneous light fluxes are critical. Therefore, amplitude-based beam splitters that simply remove light from regions that are not supposed to be illuminated typically do not help in two-photon applications. 

Details of the Invention 
This technology allows for high-speed, multi-region scanning that can utilize the full energy of a laser. By using a diffractive spatial light modulator (SLM), a laser can be rapidly focused into multiple beamlets without any moving parts. Because the SLM uses phase modulation rather than amplitude ‘filtering’, the laser’s total energy is effectively redistributed into the desired spatial pattern with minimal loss. The invention consists of methods for using an SLM to manipulate laser sources in microscopy and software for easy and rapid specification of targeted regions. In addition, the inventors demonstrate a novel strategy for fast imaging using specific scanless illumination of selected locations by utilizing a wide-field detector. 

Indeed, an SLM microscope could be viewed as the ultimate “optics” since it can mimic most optical transfer functions of conventional microscopes, for example focusing of light or optically zooming into a sample, but without any moving parts. It is conceivable that SLM microscopy could replace in software many of the functions that current microscopes carry out in hardware. 

The technology has been implemented in two types of fully functional prototypes: 

· As part of a standard microscope ‘add-on’ unit. This device can be quickly and easily adapted to existing commercial microscopes. 

· As a stand-alone portable microscope fully-capable of targeted imaging and photostimulation. Some further miniaturization could also allow for in vivo imaging/photostimulation applications or medical use of the device in the field. 
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Applications: 
· High speed imaging of multiple regions of interest (ROIs) – highly useful for live cell imaging techniques, such as calcium- or voltage-sensitive dyes 

· Photostimulation / Photodynamic therapy – excitation can be precisely targeted and rapidly modulated to multiple points (‘caged’ compounds, optogenetics, etc.) 

· Active correction of optical aberrations in existing optical systems 

· iso-STED and other super-resolution imaging modalities 

Advantages: 
· No moving parts – multiple targets can be imaged (or excited) at millisecond rates; minimal risk of mechanical failure; reduced up-front and maintenance costs 

· Higher power delivered to multiple targets – allows for use in two-photon applications or other linear or non-linear imaging / photostimulation modalities 

· Photostimulation can be much more precisely targeted 

· Reduced photodamage to non-target regions compared to conventional laser scanning 

· Small size – portable units; in vivo applications 

Patent Status:
Patent Pending (WO/2010/036972)

Licensing Status:
Available for Licensing or Sponsored Research Support
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