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The precision to which the 3D positionofan
emitter can be determined, quantified by the ~ £
Cramer-Rao Lower Bound (CRLB), is a E 10
function of the shape of the microscope’s PSF.
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We develop a framework for pupil-plane engineering, based on maximizing the information
content of the system, by finding the pupil-plane phase pattern that would yield a PSF with
minimal CRLB. We generate and experimentally demonstrate two example PSFs:

Saddle-point mask ‘ .
L

Optimized for
e o 7—-1.5 umz=-0.75 ym z=0 uym z=0.75 pm z=1.5 pm

max—y

A

min

Intensity (a.u.

a 3um z-range

1 Phase (rad.)T
max—

g
Cat mask

Optimized for

a bm z-range \\ » o 24

z=-3 um z=-1 z=0um z=15um z=3 um

Intensity (a.u

=)
=

Shechtman, Y., Sahl, S.J., Backer, A.S. & Moerner, W. E. Phys. Rev. Lett. 113, 133902



