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1. Infrared property of amorphous and crystalline GST
To derive the refractive indices of aGST and cGST
, a 360-nm -thick GST film is
deposited on a silicon wafer. An annealing process at 180°C for 1.5 minutes is applied
to transform the-deposited
as
aGST to cGST. The transmission and reflection spectra
(Fig . S1a) of the aGST
-Si and cGST-Si samples are measuredwith Bruker’s
VERTEX 70 FTIR and Hyprerion 1000 infrared microscope. The refractive indices of
aGST and cGST as functions of wavelength (Fig. S1b) are derived by the
spectrophotometric method with the transmission and reflection spectra.

Figure S1. (a) Measured transmissivity (T) and reflectivity (R) curves of the
360-nm -thick aGST
-Si and cGST-Si samples. (b) The relative refractive indices of
aGST and cGST derived from the transmission and reflection spectra.

2. Angular-dependent absorption of the cGST-Au sample
Angle -dependent absorption of the cGST
-Au sample is investigated both numerically
and experimentally. Fig . S2a andS2b show s simulated and experimental absorptivity
curves of the cGST
-Au sample at different incident angles (0°, 20°, 40° and 60°

),

respectively. The cGST thickness is 360 nm and the gold thickness is 120 nm. The
experimental results match well with the simulated results. The absorptivity of the
sample decreases slowly with increasing incident angle, indicating little angular
dependence. The slight difference between simulations and experiments can be
attributed to light scattering loss induced by the rough film surfaces.

Figure S2. Simulateda)
( and experimental (b) absorptivity of the cGST
-Au sample at
different incident angles.

3. The role of the metal film in the GST-Au absorber/emitter
To explore the role of the gold film in the GST
-Au sample, the absorptivities of the
following four samples based on cGST are investigated (Fig. S3): (1) cGST (450 nm)
on a PEC (perfect electr
ic conductor), (2) cGST (450 nm) on a gold film, (3) cGST
(900 nm) on an air substrate
n=1() and (4) cGST (900 nm) on an dielectric substrate
(n=1.5). For cGST on the air and dielectric substrates, the GST thickness is doubled to
guarantee the resonantthe
in same wavelength. When the absorptive cGST layer is
suspended in the air (a symmetric configuration), the maximum absorptivity is around
50%. The maximum absorptivity decreases as the refractive index of the substrate
increases. When a gold film is placed below the GST film, not only the GST thickness
is halved, but also a nearly unity absorptivity can be achieved. There is only a slight
difference in the absorption spectra between the cGST
-Au and cGST -PEC samples,
indicating that the gold film plays the
role of a PEC.

Fig ure S3. The absorptivities of cGST on different substrates. The substrates are PEC,
gold, air and dielectric with a refractive index of 1.5.

The role of the metal film in the absorption can also be analyzed temporal
via
coupled mode theory since the absorber/emitter can be regarded
as a resonator.S1,S2
The radiative decay rates relevant to intrinsic loss, reflection and transmission are
represented as
γi, γ1 and γ2, respectively.When the light with
normalized power | si| 2 is
incident into the reson
ator with a resonant angular frequency ofω0, the time
derivative of the excited mode's amplitude
a can be expressed as:
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The absorption (A) of the resonatorcan be denoted as by subtrac ting the
reflection and the transmission from unity as:
A
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In the case of a symmetric system γ(1= γ2), the absorption maximum is 50% at
γ1= γi/2. In the case of a PEC placed below the absorptive resonator
γ20= ), (100%
absorption can be achieved when the critical coupling condition is satisfied
γ1= (γi).
Therefore,the gold film plays the role of a PEC, which not only halves the GST
thickness, but also significantly enhances the absorption.
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4. Emission spectra and emissivity differences of aGST-Au and cGST-Au
emitters
Figure 4b in the paper presents the emissivities of the -AaGST
u and cGST -Au
emitters and they are derived from the
measured emission spectra of the black soot
and the GST
-Au emitters (Fig . S4a). To intuitively show the switchable
performance
of the GST-Au emitters, the emissivity differences between on and off states of the
samples are presented in Fig
. S4. The largeifferences
d
between the two states in
. Fig
S4 indicate the excellent switching performance of the GST
-Au emitters.

Fig ure S4. a( ) Emission spectra of the black soot and the cGST
-Au emitters with
different GST thickness (360 nm, 450 nm and 540 nm). b)
( Emi ssivity differences
between aGST-Au and cGST -Au samples with different GST thickness (360 nm, 450
nm and 540 nm).

5. Angular-dependent infrared photographs of the black soot and the GST-Au
emitter
Oblique infrared photographs of theblack soot,theaGST-Au

and cGST-Au samples

are taken by an infrared camera. The GST thickness is 540 nm. The samples are
placed on a hot plate at a temperature of 100°
and
C the target emissivity value is set
as 0.95 for intuitive observation and calculation convenience.
Itsi obvious that the
displayed temperature of the black soot and the cGST
-Au sample decreases slowly
with increasing angle, corresponding to the absorption results in
. S2.
Fig The highest
temperatures displayed in the infrared photographs of aGST
-Au sample i s located in
the bare Si substrate whose emissivity is larger than that of the
-Au sample,
aGST
which is clear in Fig ure5a in the paper.

Figure S5. Infrared photographs of the black soot, the aGST
-Au and cGST -Au
samples taken at different angles
, 15°
(0° , 30° , 45° and 60°).

6. Tunable thermal emission of the GST-Au emitter by controlling the annealing
temperature
Thetunable thermal emission of the GST
-Au emitter is investigated with temperature
rising from 140°C to 170°C in 30 minutes. The GST thickness is 450 nm. The
emissivities of the GST
-Au sample are measured and recorded with a temperature
step of 1°C. To see the gradual phase changing process, the emissivity differences and
the extinction ratios (in dB) between the intermediate
-Au GST
sample at different
temperatures and the aGST
-Au sample are presented in Fig. S6a and S6b,
respectively.

Fig ure S6. Emissivity differences (a) and extinction ratios in dBb)( between the
intermediate GST
-Au sample with temperature rising from 140°C to 170°C and the
aGST-Au sample.

7. Controlling the intermediate GST by both the annealing temperature and the
annealing time.
The phase transition
of GST is dependent on boththe annealingtemperature and
the
annealing time. To investigate this, a -AGST
u sample with a 500 -nm -thick GST layer
is annealed at different temperatures (150°C, 160°C, 170°C and 180°C) for different
times. The nnealing
a
process is intermittent and the absorption response of the
samples is presented in Fig
. S7. The peak absorptivity rises with the annealing time. It
is obvious that the transition is much faster with higher annealing temperature and the
crystallinedegree of GST increases with time. It should be noticed that this
experiment is based on an intermittent annealing process and the crystallization
velocity is different from a continuous annealing process. In the paper, a continuous
annealing process at 80°
1C transfers aGST into cGST in only 1.5 minutes.

Figure S7. Peak absorptivity curves of the GST
-Au sample with varying annealing
time and annealing temperature (150°C, 160°C, 170°C and 180°C)

8. Reamorphization of cGST
The reamorphization process of c rystalline GST can be implemented by thermal
annealing, laser pulses or electrical pulses. The thermal annealing method requires a
temperature above 640°C and a sharp cooling. In this paper, the gold is adopted as the
bottom metal and the 120
-nm -thickgold exhibits a low fusion point of around 300C.°
So the reamorphization process of crystalline GST is not demonstrated in the
manuscript. Here, a reamorphization process at a temperature of 660°C is applied on a
cGST-Si sample with a 500-nm -thick GST fil
m. The reflection spectra of amorphous,
crystalline and reamorphorized GST on the silicon wafer are presented in. S8.
Fig The
reflectivity of the reamorphorized GST
-Si sample is very close to the -deposited
as
aGST-Si sample, indicating the reamorphorizatio
n ability of cGST.

Figure S8. The reflectivity curves of amorphous, crystalline and reamorphorized
500-nm -thick GST on a silicon wafer.

9. Dual-band absorption and emission of the samples.
In the manuscript,
emission and the absorption spectra
in the8-14 μm atmospheric
window are predominantly investigated for the GST
-Au samples. In fact, the
cGST-Au samples have simultaneous emission/absorption peaks in the -5
3 μm
atmospheric window. The emissivities and absorptivities of the cGST
-Au samples
between 3 μm to 15 μm at different thicknesses are presented. in
S9a
Fig and S9b,
respectively.

Fig ure S9. Emissivity (a) and absorptivityb)
( curves of cGST-Au samples between 3
μm to 15 μm at different cGST thicknesses.

