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Movies:

Movie 1: The gas of active particles at t = 0 evolves to the steady state of gas-crystal coexistence at t = 1000

at ρ = 0.3 and Pe = 20.

Movie 2: The gas of active particles at t = 0 evolves to the steady state of gas-crystal coexistence at t = 1000 at

ρ = 0.3 and Pe = 100.

Movie 3: The gas of active particles at t = 0 evolves to the steady state of gas-crystal coexistence at t = 1000 at

ρ = 0.3 and Pe = 200.

Movie 4: The gas of active particles at t = 0 evolves to the steady state of gas-crystal coexistence at t = 1000 at

ρ = 0.3 and Pe = 300.

Movie 5: The gas of active particles at t = 0 evolves to the steady state of gas-crystal coexistence at t = 1000 at

ρ = 0.3 and Pe = 400.
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Fig.S1: The formation process of the active crystals at Pe = 400 and ρ = 0.3. Its subarea is shown in Fig. 1 in the main
text. Particles are 60% of their true diameter in order to be clearly displayed in the dense phase. The top and bottom
gray lines represent the two walls.
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Fig.S2: Five growing active crystals at ρ = 0.3, t = 50 and different Pe in lx× ly = 100×100 subareas. (a) Pe = 20, (b) Pe
= 100, (c) Pe = 200, (d) Pe = 300, (e) Pe = 400. Particles are 60% of their true diameter in order to be clearly displayed in
the dense phase. The bottom gray line represents the substrate.
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Fig.S3: Three stages of the roughness ω(l, t) at (Pe,ρ) = (300,0.3). (a-c), (d-f), and (g-i) correspond to the early, middle
and final stages of the blue curves in Fig. 6, respectively. (a, d, g) ω(l, t) ∼ lα at l� ξ (t) with α ≈ 0.8, respectively. (b,
e, h) ω(l = L, t) ∝ tβ for the entire surface with the fitted β = 0.29±0.02,0.746±0.004 and 0.122±0.002 respectively; and
ω(l = 4, t) ∝ tκ for short sections of l = 4 with the fitted κ = 0.02± 0.02,0.319± 0.003 and 0.026± 0.001, respectively. (c,
f, i) α(t) and ξ (t) obtained by fitting ω(l, t)/tβ = (l/ξ (t))α(t) at l � ξ (t) in (a), (d), and (g). In the (c) early and (i) final
stages, α(t) is nearly a constant 0.76±0.01 and 0.82±0.01, respectively, and ξ (t)∼ t1/z with the fitted z = 2.38±0.22 and
8.53± 0.09, respectively. The fitted z values are close to z = 2.81± 0.30 and 8.54± 0.22 obtained from the scale relation
z = α/(β − κ) for the early and final stages, respectively. However, in the (f) middle stage, ξ (t) ∼ t1/z with the fitted
z = 2.58± 0.07 but α(t) is not a constant. Thus the scale relation z = α/(β −κ) only holds in the early and final stages.
The figure only shows some of the data point but the fittings are based on all the data points, which also appplies to
Fig.S5 and Fig.S6.
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Fig.S4: The normalized spatial and time correlation functions gh(l)/gh(0), gh(∆t)/gh(0), and the power spectrum S(k)
of the height function at (Pe,ρ) = (300,0.3). (a-c), (d-f), and (g-i) are in the early, middle, and final roughening stages,
respectively. (a, d, g) gh(l)/gh(0) (symbols) fitted with exp(−l/ξ ′) (solid curves). (b, e, h) gh(∆t)/gh(0) (symbols) fitted
with erfc(

√
∆t/τ) (solid curves). (c, f, i) S(k) (symbols) is fitted with 1/(k2 +ξ ′−2) (curves) at small k and deviates from k−2

at large k.
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Fig.S5: The normalized spatial and time correlation functions gh(l)/gh(0), gh(∆t)/gh(0), and the power spectrum S(k) of
the height function at (Pe,ρ) = (200,0.3). (a-c) and (d-f) are in the middle and final roughening stages, respectively. (a,
d) gh(l)/gh(0) (symbols) fitted with exp(−l/ξ ′) (solid curves). (b, e) gh(∆t)/gh(0) (symbols) fitted with erfc(

√
∆t/τ) (solid

curves). (c, f) S(k) (symbols) is fitted with 1/(k2 +ξ ′−2) (curves) at small k and deviates from k−2 at large k.

Fig.S6: The normalized time-dependent height-height correlation function gh(l,∆t)/gh(l,0) at ρ = 0.3 and different Pe.
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