[bookmark: _Hlk98318117]Formula deduction file S1
The relationship between the axial image intensity and the defocusing distance of z
The aberrations are negligible except for defocus and the light source is collimated in the deduction process. Denote s(x) = a(x)exp[ip(x)] as the sample wave, where a(x) and p(x) represent amplitude and phase respectively. According to the Fourier property of the optical system, the image intensity I(x) can be expressed as: I(x) = |F-1[F(s(x))T(u)]|2. Where F(•) is the operator of Fourier transform,  F-1(•) is the inverse operator of Fourier transform, T(u) = exp[ikz(1-λ2u2)1/2]is the transfer function related to the defocusing, u is the coordinate vector of the frequency domain, k = 2π/λ, λ is the wavelength, z is the defocus distance. Since λ2u2 < 1, (1-λ2u2)1/2≈1-λ2u2/2. Then T(u) is approximate to:

 
Then:

 
According to the differential characteristic of the Fourier transform F[dng(x)/dxn] = (i2πu)nF(iu):

 
Then:

 
If the defocusing z is small enough:

 

[bookmark: _GoBack]To simplify the calculation, we assume that the object is transparent where a(x) satisfies constant distribution, let a(x) ≡ 1, then:
Take the expressions of s(x)[△s(x)]*, and s*(x) △s(x) into equation:
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