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Supplementary Notes

Supplementary Note 1: Spatial resolution of FINCOPA.
The spatial resolution of our FINCOPA depends on the relay imaging system, the spatial bandwidth of the optical parametric amplifiers, and other factors including the spatial geometric smearing and the angular dispersion in the amplifiers.
Spatial bandwidth of OPA. The gain under the un-depleted plane pump approximation can be expressed as41

  						,      	       			  (1)
where the subscripts “s” and “i” stand for the signal and idler, while q is for spatial frequency. The coupling coefficients μ(q) and ν(q) are given by

 			  (2)
where h=[κ2-(Δkeff)2]1/2/2, and Δkeff = kp-ks-ki +2π2q2(ks-1+ki-1) is the effective phase mismatch, κ is the parametric gain coefficient that is proportional to the intensity of the pump beam, and l is the length of the OPA crystal. The 3dB bandwidth Δf of the OPA gain is42

.     		   				  (3)
Equations (1)~(3) show that the spatial bandwidth depends on both the thickness of the OPA crystal and the pump intensity. Thin crystal thickness with a strong pump intensity is helpful to realize a large OPA spatial frequency bandwidth. However, excessive pump intensity will damage the crystal, while a thin crystal will sacrifice OPA gain. Figure S1 shows the spatial property of the OPA gain pumped by a 400 nm ultrashort pulse at 15 GW/cm2 when l=0.5 mm. We find that effective OPA occurs within 36 lp/mm.
Cut-off spatial frequency of the relay imaging system. The relay imaging system of one of the amplification stages is a 4f imaging system, which consists of two lenses with a focal length of 150 mm. The cut-off spatial frequency can be given by

							  (4)
where D=25.4 mm, is the diameter of the lens, f is the focal length, λ is the sampling wavelength. So, the cut-off spatial frequency is calculated to be 106 lp/mm.
Spatial geometric smearing (SGS). In our previous study,43 the SGS effect, which depends mainly on the crystal thickness and the non-collinear angle in non-collinear OPA, was much stronger than the angular dispersion. To eliminate it, we design the non-collinear OPA with a crystal thickness of 0.5mm and a non-collinear angle of 2° in FI-NCOPA. So, the line width can be calculated to 25 μm, i.e., 40 lp/mm.41
By comparing the spatial frequency bandwidth, the cut-off spatial frequency of the relay imaging system, with the line width caused by spatial geometric smearing, we can conclude that the ultimate limiting factor of the spatial frequency is the spatial frequency bandwidth in the FINCOPA system.

Supplementary Note 2: Exploration ability of our FI-NCOPA for microscopic imaging. 
To explore the ability of FINCOPA to perform microscopic imaging, a target with microstructures is also required. It is known that increasing the crossing angle (2) of the two excitation pulses can decrease the streak spacing of the plasma grating down to several micrometers. However, our results show the visibilities of the plasma gratings weaken with the decreased streak spacing. When 2α=2.5° and 3.8°, the grating has a maximal modulation of 0.1312 and 0.1028, respectively. Further increasing 2α will make the grating difficult to see, or record with single-shot recording. Consequently, we used a static grating with a streak spacing at the micrometer level as a target instead of a plasma grating. Fortunately, because there is no movement or deflection for the ultrafast imaging in FI-NCOPA, the spatial resolution is equivalent to the static resolution. The used grating has a density of 300 lp/mm. By using a 20× microscope objective lens as OIS-1, the idler image of the FINCOPA system, captured by CCD-1, can exhibit the 300 lp/mm grating as presented in Fig. S2. Theoretically, the 20× objective lens can boost FINCOPA to distinguish fine structures of up to 600 lp/mm, which, however, never occurred in our experiments. We attribute this limitation to the relatively small optical apertures of OIS-1 in Fig. 1(b) of Main Text. To conclude, in FINCOPA, there is no movement or deflection for the ultrafast imaging, which means we can estimate its spatial resolution by the static resolution. Therefore, FINCOPA has its spatial resolution beyond 300 lp/mm when equipped with a 20× objective lens.

Supplementary Note 3: Removal of the background images shown in Fig. 3 of Main Text.
We removed the background in the ultrafast sequenced images shown in Fig. 3 by spatial filtering. This process improved image contrast. The result is shown in Fig. S3.




Supplementary figures


Fig. S1 The OPA gain versus spatial frequency pumped by a 400 nm ultrashort pulse at 15 GW/cm2 when l=0.5 mm.
[image: ]
Fig. S2 The idler image of a 300 lp/mm grating captured by CCD-1 with a 20× microscopic objective lens.


Fig. S3 Removal of the background of ultrafast sequenced images shown in Fig. 3 by spatial filtering. Color bar: Intensity.
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