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[bookmark: _GoBack]S1. Simulations: The permittivity of the gold and its reflectance and absorption distribution.
The permittivity of the gold (Au) and its reflectance and absorption distribution, only considering the intraband absorption in infrared range, is plotted in Figure S1(a) and Figure S1(b), respectively. The wavelength-dependent permittivity of Au could be described by:

                                        (S1)
where ε1 and ε2 are the real part and imaginary part of the complex permittivity, respectively. By parametric fitting, the plasma frequency wp and collision frequency wτ are 1.1962×1016 rad s-1 and 1.125×1014 rad s-1, respectively.
The intraband absorption (main absorption of metal) can be approximated by [1]:

                                        (S2)
where σ0 is electrical direct current conductivity that is related to wp and wτ [2]. According to equation (S2), the absorption (A) and reflectance (1-A) of Au are depicted in Figure 1(c), whose general tendencies are consistent with previous works [3, 4]. Therefore, the Au material can be regarded as the perfect conductor, and almost all the incident power within the broadband spectrum range is directly reflected. 
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Figure S1. (a)The permittivity of the gold. (b) The reflectance and absorption distribution
S2. Relation between the principal axes and the rotation angle of meta-atoms
For the chiral C2 meta-atom, it can generate a geometric phase of ±2θ (in manuscript) on the reflected light with opposite handedness. However, it will generate phase shifts of 6θ (−10θ) for the C3 and C5 meta-atoms, in which the minus for the C5 meta-atom originates from the flipping of the rotation direction of the principal axis as shown in Figure S2. For higher-fold rotational symmetries meta-atoms, the investigation of the rotating direction of the principal axis is shown in ref [34].
[image: ]
Figure S2. Rotation dependence of the principal axis and meta-atoms with (a) C2, (b) C3, and (c) C5 rotational symmetry. The double-headed arrows denote the orientations of the principal array axis, which correspond to the evolution of the polarization states.
S3. Geometrical parameters and their effects
[image: ]
Figure S3. The effect of (a) period P, (b) height H, (c) distance d, and (d) coefficient a of C3 meta-atom under LCP incidence. The bandwidth can be increased/reduced as the H and d increase/reduce (P and a reduce/increase). The slight red/blue shift for phase spectra can be observed as the period P, height H, and coefficient a increase/reduce (d reduces/increases).
S4. The scanning electron microscope images of the sample with a tilt angle
Figure S3 shows the SEM images of the sample with a tilt angle for the C5 meta-atom. Due to the high aspect ratio of meta-atoms, the sidewall will be slightly tilted by inductively coupled plasma (ICP) etching. A 300 nm thick gold layer (larger than skin depth) is deposited on the Si wafer through magnetron sputtering. It has been demonstrated that the thickness of gold layers is not the same on the top and sidewalls [41]. Furthermore, the poor adhesion between the gold and Si layer also will reduce the performances of metadevices, which can be improved by adding a chromium layer between them.
[image: ]
Figure S4. The SEM images of the sample with a tilt angle for the C5 meta-atom 
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