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ABSTRACT 

We here report an optical system for live 3D microscopy that we call the Multifocus 25-camera 

microscope (M25). M25 can capture 25 simultaneous focal planes at >100 Hz. This design takes 

advantage of the latest generation of small, fast and sensitive CMOS cameras to simultaneously 

but separately capture 25 focal planes on individual camera sensors, arranged in a 5×5 array (Fig. 

1). Aberration-corrected multifocus microscopy (MFM) is a simultaneous 3D imaging technique 

based on diffractive Fourier optics that allows fast live imaging of biological samples [1]. 

Classically, MFM has been applied in an optical layout where the entire stack of focal planes is 

recorded on a single camera. Our new design—that we here demonstrate for the first time—

simplifies the multifocus optical layout so that it can be built from affordable off-the-shelf 

components and a set of custom manufactured diffractive gratings. (We made the M25 

diffractive optics in the UCSB NanoFab, an open access facility). We are currently launching 

M25 in biological research projects to study neural circuit function in model organisms such as 

drosophila and fish. 

 
Figure 1: Ray tracing diagram of M25 system (left) and photo of the camera array (right) 
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