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Limited by manufacturing and optical materials, even the best
designed multi-spectral objective will exhibit residual
monochromatic aberration and chromatic aberration. Here we
propose a multi-spectral imaging scheme based on the
Fourier Ptychographic Microscopy (FPM), which can render
in-focus images by digital aberration correction. Also, the
wavelength extension to Near Infrared (NIR) regime broadens
the application of our system, like imaging through bonded
silicon wafer devices for locating defects.

With our system, the non-invasive detection on the silicon
wafer devices, like flip-chips, is possible. Usually, the front-
side imaging could directly visualize the top metallic layers,
but the ones deep inside can only be detected from the back-
side with the aid of NIR light thanks to the fairly low absorption
of silicon to this regime. Besides, FPM reconstruction can
further enhance the imaging resolution and digitally refocus to
different components beneath.

Our multi-spectral FPM system enables:

1. Digital aberration correction

2. Multi-spectral high-resolution imaging with large FOV

3. Digital refocusing

4. Non-invasive defect detection of silicon wafer devices

Fig. 1 Schematic of multi-spectral Fourier ptychographic 
microscope, including transmission and reflection mode.

• Principle

Aberration Characterization

• Result

Fig. 3 Spatially varying aberration characterization for the 
whole FOV under the wavelength of 532nm. (a)-(f) fitted 
2D surface for each type of aberration (first order Zernike 
modes are normally not considered as aberrations, thus 
not shown).

Fig. 2 Digital aberration calibration based on Zernike mode 
decomposition, taking the complex amplitude of an on-axis 
microbead as reference.

Fig. 5 Imaging of a flip-chip under reflection mode. (a) the 
schematic of the flip-chip. (b)-(c) the front and back side 
imaging of the flip-chip. The bottom metal layers could only 
be visible under NIR light. Different components are 
displayed in the enlargements.

Digital Aberration Correction

Fig. 4 Demonstration of digital aberration characterization 
under the wavelength of 1552nm. (a) the whole FOV raw data. 
(b) Comparison between the pixel upsampling result and FPM 
reconstruction without/with aberration correction.

For an objective with a low NA but a large field-of-view (FOV),
its aberration is spatial variant. Usually, aberrations increase
as a function of distance from the image center.

Since the location-dependent aberration composed of different
Zernike modes has been calibrated first, digital aberration
correction can be done for other samples to obtain the clear
and undistorted images.

1. A large FOV (~1.92x1.53mm2)

2. A better way of pixel super-resolution
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