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FINCH is a powerful method that brings new benefits to the incoherent holographic microscopy and is especially promising for 
fluorescence microscopy.  Due to a variability of the method, various imaging modes can be switched almost in real time.
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Figure 6: Images reconstructed from experimental records obtained in various FINCH configurations: a) reference optical image, b) 
standard image, c) dual lens image, d) spiral image with edge contrast ennhancement [7].  

(a) (b) (c ) (d)

conventional imaging
(reference image )

sub-diffraction resolution
spectral resistance

edge enhancement in 
3D incoherent imaging

Q-M incoherent holography
sub-diffraction resolution

Recent progress in digital holography has been supported by proposals for new experiments, advanced technologies for light 
shaping and development of methods for data acquisition and processing. This effort has given rise to new techniques allowing to 
use the 3D holographic reconstruction principles also in the Q-M spatially incoherent light. Here, further progress is outlined, 
leading to the sub-diffraction resolution in white light correlation imaging. A brief overview of methods demonstrating recent 
development and applications of the coherent and incoherent digital holographic microscopy is shown in Fig. 1.
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Figure 1: Diagram illustrating the connecting paths between digital holography and incoherent correlation microscopy 
operating in a broadband light. 
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The Q-M common-path correlation microscopy

In the Q-M correlation imaging, the holographic records of separate object points are acquired in the common-path interferometer 
enabling a wavefront splitting. If the OPD of the created signal and reference waves does not exceed the CL, the waves interfere 
and the Fresnel holograms of all points of the 3D object are created simultaneously without scanning. After processing of three 
phase-shifted recordings of the object, the digital image reconstruction is performed.

Figure 2: Basic operations of the Q-M incoherent correlation imaging demonstrated 
for both optical and digital parts.
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Resolution limits in broadband correlation imaging

In correlation imaging, three phase shifted interference patterns are recorded for each point of the object. After numerical 
processing, an artificial diffractive lens is created whose numerical aperture determines the resolution of the digitally 
reconstructed image. In the Q-M light, the resolution is limited by the geometrical aperture (GA) given by an overlapping area of 
interfering waves. In the broadband light, the coherence aperture (CA) depending on both the CL and the OPD determines the 
image resolution (Fig. 7).
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Resolution in the standard FINCH
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Figure 9: The normalized image resolution in 

dependence on the CCD position D for the Q-M 2

light (dashed line) and the broadband light (solid 
lines). 

Figure 11: Reconstruction of the USAF target in the 

positions (a)-(d) in Fig. 9. Resolution obtained for Dl=1 
nm and 20 nm is significantly different in the positions 
(a) and (b) but remains unchanged in the positions (c) 
and (d).

Figure 8: The correlation records with geometrical and coherence 
apertures: (a) and (b) taken at equally denoted points in Fig. 9. 

The best resolution obtained with Q-M and broadband light  requires 
different CCD positioning given by D.2

Figure 10: The correlation records captured at positions where the temporal coherence does not reduce the resolution: (c) and 
(d) taken at equally denoted points in Fig. 9. 

At the CCD position optimal for the Q-M light (point (a) in Fig. 9), the resolution 
is strongly reduced when the broadband light is used (NA =NA , point (b) in E C

Fig. 9).

In distant CCD positions, the resolution for the Q-M light is 
maintained even when the broadband light is used (NA =NA , E G

points (c) and (d) in Fig. 9).
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Abstract: In recent years, the digital holography has been supplemented by new techniques 
enabling operation in a quasi-monochromatic (Q-M) spatially incoherent light. Here, the basic 
imaging modes and advantages of the common-path correlation microscopy using a spatial light 
modulator (SLM) are presented for both the Q-M and broadband light. Based on the proposed 
concept of the coherence aperture (CA), the interconnection between experiment geometry, optical 
path difference (OPD), source coherence length (CL) and the image resolution is established. As the 
main result, the experimental conditions of the white light correlation microscopy are found under 
which the sub-diffraction resolution can be achieved.
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Experimental configurations of the common-path correlation microscopy

Recently, the Fresnel Incoherent Correlation Holography (FINCH) was proposed for experimental realization of the holographic 
imaging of incoherently illuminated 3D objects [1]. In this set-up, the wavefront splitting is carried out by a SLM,  which allows 
operating changes in the geometry of the interfering waves in order to achieve an optimal configuration with the significantly 
reduced OPD.

Figure 3: Optimized set-up ensuring a perfect correlation overlapping of 
the interfering waves and a variability of imaging [8]. 

Figure 4: Computer generated holograms used in the 
basic imaging modes.
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Figure 5: Demonstration of the SLM operation: although the phase is reduced to interval 

<0,2p>, a smooth wavefront is created. This gives unique possibilities for the OPD minimizing.
C

C
D

(a)

Diffractive beam splitter

C
C
D

(b)

C
C
D

(c )

U
S
A
F

C
C

D

HL

SLM

MO PSF

(b) dual lens configuration

(a) standard configuration

BS

D2

fd

(c ) spiral configuration

FINCH imaging

Resolution in the dual lens FINCH

(a) (b) (c ) (d)

256 l/mm

In this configuration, the resolution twice overcoming the diffraction limit was demonstrated with the Q-M light in optimal CCD 
position [4,5] (point A in Fig. 12). When using the broadband light, the resolution is strongly reduced in improper CCD positions 
(solid lines in Fig. 12), but remains the same as for the Q-M light in optimal CCD settings (near position B in Fig. 13).

Figure 13: Experimental reconstruction of 
the USAF target affected by the SLM 
dispersion. The correlation records were 
taken in the positions (a) - (d) of Fig. 12.

Figure 12: Image resolution in the Q-M light (dashed line), the broadband light 
without disperion (solid lines) and the broadband light with the SLM dispersion 
(ooo).

For this setting, the sub-diffraction 
resolution is achieved even with the 
white light. This fascinating property is 
possible only when aberrations and 
dispersion of the system are 
eliminated. Theoretical evaluation of 
the resolution sensitivity to the SLM 
dispersion is shown in Fig. 12 (curve 
ooo). The experimental image 
reconstructions in points (a)-(d) are 
demonstrated in Fig. 13.

Conclusions: The resolution of the broadband correlation imaging was analyzed with the following results: - connection between 
the temporal coherence and the resolution was established using concept of the coherence induced aperture,   -  CCD positions 
ensuring the best resolution in broadband light were found,      -  possibility of achieving sub-diffraction resolution in white light was 
discovered, provided that the aberrations and dispersion of the system are eliminated.
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Figure 7: Coherence induced aperture and resolution in digital correlation 
imaging: a) Q-M light and b) white light.
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