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This document provides supplementary information to "Reflection phase microscopy using spatio-temporal 
coherence of light," https://doi.org/10.1364/OPTICA.5.001468. We discuss how the combination of temporal 
gating and spatial decorrelation generates a single gating which is narrower than each alone. We also describe 
the formation of the reflection  signal from the inter-cellular membrane  and its interpretation. In addition, 
we discuss how to eliminate the system vibrations from the cellular membrane fluctuations. Finally, we provide 
the MSD plots for the cellular membrane fluctuation as a supplemental analysis.  

1. Theoretical model of the system In this section, we discuss the theoretical analysis of the spatio-temporal coherence gating in our reflection phase microscope. Following the derivation of 3D transfer functions in Refs. [1, 2], the 1D transfer function can be expressed as a function of wave vector 
kz, and angular frequency ω as: 
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πω ω ω ωΓ = ,                    (S1) where c is speed of light, and P(kz, ω) is axial aperture function defined in Eq. (2) of the main manuscript. Then the 2D Fourier transform of Eq. (S1) with respect to kz and ω gives us the complex line-spread function of our system as:  

2( , ) ( ) ( , ) exp( )s R z z s R zz S P k ik z i dk dγ τ ω ω ω ωτ ω∝ + ,   (S2) where zs is the axial position of sample mirror and τR is the arrival time. Note that τR = 0 results in the Eq. (1) in the main manuscript.   Now, let us consider the two experimental scenarios – without and with dynamic speckle illumination as shown in Fig. S1(a) and S1(c), 

respectively. Without dynamic speckle illumination, the axial aperture function becomes a delta function 
0( , ) ( / )z zP k k n cω δ ω= − . Substituting it into  Eq. (S2) yields:  
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0( , ) ( ) exp[ ( ) / ]s R s Rz z S i n z z c dγ ω ω ω ω= + ,         (S3) where ݖோ = ܿ߬ோ is the optical path length delay. The above equation is identical to the Fourier transform of source spectrum ω2S(ω). Therefore, by measuring the axial response of the system without the dynamic speckle illumination, we can calibrate the spectrum of the light source as shown in Fig. S1(b). The resulting multi-peak spectrum illustrates the spectral complexity of the super-continuum laser source.  Finally, we can obtain the theoretical expectation of axial response of the system with the dynamic speckle illumination by substituting the source spectrum obtained in Fig. S1(b) into Eq. (S2). As shown in Fig.S1(c)-(d), the experimental result agrees extremely well with the theoretical model for both the amplitude and the phase.  
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To solve this problem, we tilted the slide glass so that a portion of the slide glass came in the field of view together with the cells [7]. The schematic is presented in Fig. S3(a). The tilting angle was about 9.2 degrees with respect to the horizontal plane. With this configuration small portion of the glass slide can be simultaneously imaged in the field-of-view as shown in Fig. S3(b). Since the phase change in the background region is only caused by the pathlength variations between sample and reference arms, we can use it as a reference region to track and remove the system phase noise. As shown in Fig. 4(e) in the main text, the phase noise measured in our system was typically tens of nanometers. This is comparable to the nuclear motions, and thus can significantly corrupt the reflection phase measurements. After removal of the phase noise, the system fluctuation reduced to 1.3 nm, which is the final sensitivity of our reflection measurements. 
4. Mean square displacement of the phase fluctuations As a metric of the quantification of fluctuation, we also calculated the mean square displacement (MSD) of the phase variation presented in Fig. 4 of the main text. The MSD is defined as [4, 8, 9] 
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where 

t
denotes the time average and τ is the time delay. The result is shown in Fig. S4.  For the background fluctuation measured in the blank area, the MSD remains almost zero with no noticeable variation. In contrast, the MSD of plasma membrane gradually increased during the early time delay and later reached a plateau. On the other hand, the MSD for the nuclear membrane shows more dramatic change over time. It increased faster than that of the plasma membrane and showed a couple of humps. The 

rate of increase slowed over time.  
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Fig. S3. Phase stabilization by tilting the glass slide. (a) Schematic forthe tilt of the sample. Some blank region of the glass slide can be seenin the field of view. (b) A typical reflection image after the tilt. The cleanbackground in the image was used to trace the phase noise in the time-laps reflection measurements. 

Fig. S4. MSDs for the cell presented in Fig. 4 in the main text. Blue, red and black lines represent the MSDs for the nuclear membrane, plasma membrane, and background fluctuations, respectively.   
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