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1. Scattering properties of 1-bit coding metamaterials
The general square metasurface is illustrated in Supplementary Fig. S1, which is composed of N×N equal-sized lattices with dimension D. Each lattice is occupied by a sub-array of “0” or “1” elements, and the distribution of “0” and “1” lattices can be arbitrarily designed. The scattering phase of the mn-th lattice is assumed to be φ(m, n), which is either 0 or 180°. Using the far-field approximation, the scattering pattern and directivity function of the metasurface are given in Eq. (1) and (2) in the main text under the normal incidence of plane waves. In the periodic coding sequences shown in Figs. 2a-c, the general formula Eq. (1) can be simplified as: 

             (4) 

             (5) 

            (6)
in which
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Supplementary Figure S1. A general square metasurface, which contains N×N equal-size lattices with dimension D, in which each lattice is occupied by a sub-array of “0” or “1” elements.

  .  (7)
From Eqs. (4)-(6), in order to obtain the maximum scattering, the absolute values of the sinusoidal functions should be one. In the coding sequence 000000…/000000… shown in Fig. 2a, we obtain 

                  .                   (8)

From Eqs. (7) and (8), we easily have . That is to say, the main scattering beam will be reflected to the incident indirection, which is consistent with real physics since the coding sequence 000000…/000000… represents a perfectly electric conductor with finite size. The analytical calculation and full-wave simulation results presented in Figs. 2d and g confirm the conclusion. 
    When the coding sequence is 010101…/010101… shown in Fig. 2b, we have 

                  .                   (9)

From Eqs. (7) and (9), we derive that φ2=90° and 270°, and . In this case, we conclude that there are two main scattering beams directing to (θ2, 90°) and (θ2, 270°), as illustrated in Figs. 2e and h. When the coding sequence is 010101…/ 101010…, as depicted in Fig. 2c, we have

                  .                   (10)

Similarly, we derive that φ3=45°, 135°, 225°, 315°, and , which imply four scattering beams directing to (θ3, 45°), (θ3, 135°), (θ3, 225°), and (θ3, 315°), as confirmed in Figs. 2f and i. 
2. Broadband features of coding metamaterials
Although the optimized codes in Table I are obtained when D is fixed to λ, they in fact can be used in broadband for different numbers of lattices, as demonstrated in Supplementary Fig. S2a. From this figure, we notice that the RCS reduction remains nearly invariant when the lattice dimension D changes from 0.6λ to 3.0λ. To further guarantee the broadband performance, the code sequences should work for phase differences other than 180° because it is hard to practically realize “0” and “1” elements that strictly have the opposite phases over a broad frequency band. Hence we inspect the relation between RCS reduction and phase difference as a function of N, as shown in Supplementary Fig. S2b. We observe that 10-dB RCS reduction is achieved when the phase difference varies from 145° to 215°. The RCS reduction remains nearly constant when the phase difference is around 180°. As the phase difference is far away from 180°, the RCS reduction gradually degenerates since the cancellation effect goes worse towards the incident direction. From Supplementary Fig.S2b, we also notice better RCS reductions for larger N.
3. Measurement system
To measure the normalized RCSs in the specular angle, a simple experimental setup is established, which includes a transmitting (Tx) horn antenna, a receiving (Rx) horn antenna, and an Agilent Vector Network Analyzer (N5230C), see Supplementary Fig. S3. The Tx and Rx horn antennas are placed in the specular directions with respect to the coding metasurface sample, which are connected to Network Analyzer to excite and receive EM signals. To eliminate the interference of environment, the function of time- domain gating in the Network Analyzer is adopted in experiments.
4. 2-bit coding metamaterials
The 2-bit coding metasurfaces includes four basic elements “00”, “01”, “10” and “11”, which have relative phase responses of 0, π/2, π, and 3π/2, respectively. To realize such elements, we still use the square metallic patches printed on a dielectric substrate, as shown in Fig. 4a. When the patch size is chosen as w=5, 4.68, 4.4, and 3.6 mm, the particle will mimic the “00”, “01”, “10”, and “11” elements, respectively. Fig. 4b illustrates the corresponding phase responses, which satisfy the required phase shifts with a tolerance in broadband.
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Supplementary Figure S2. Broadband features of the optimized coding metasurfaces for RCS reduction. (a) The RCS reduction versus the lattice electric length D/λ when N is different, in which the phase difference is fixed as 180°. (b) The RCS reduction versus the phase difference of “0” and “1” elements when N is different, in which D is fixed to λ. 
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Supplementary Figure S3. The photograph of experimental setup for RCS measurements, which is composed of a transmitting (Tx) horn antenna, a receiving (Rx) horn antenna, and an Agilent Vector Network Analyzer (N5230C). 

5. Digital and programmable metamaterials
[image: ]
Supplementary Figure S4. Top view of the unique metamaterial particle to realize digital metasurface, in which the detailed geometrical parameters are given.
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Supplementary Figure S5. The effective circuit models of the biased diode at the “on” and “off” states. (a) The “on” state. (b) The “off” state.

[image: ]
Supplementary Figure S6. The fabricated 1D digital metasurface controlled by FPGA. (a) The top view of the 1D digital metasurface. (b) FPGA. (c) The bottom view of the 1D digital metasurface. (d) The zoomed view of the 1D digital metasurface.
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