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1. XRD results ofthe terpolymer under different electric fields
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Figure S1. XRD data for an 11 pm-thick P(VDF-TrFE-CFE) terpolymer film from Piezotech with different voltages at a
temperature of 25°C. The ferroelectric phase peak gradually grows and and the relaxor ferroelectric phase peak reduces with

the increase of the electric field.

As shown in Figure S1, without an electric field, only the relaxor ferroelectric phase exists with a peak at 26 =

18.1°, corresponding to a (110) atomic plane spacing (d-spacing) of 4.9 A. When the applied voltage is 200 V,

there is no obvious change of the XRD profile. Upon increasing the voltage beyond 400 V, evidence for the

ferroelectric phase appears and the strength of the relaxor ferroelectric peak reduces. The ferroelectric phase peak

is at 20 = 19.2° (d = 4.62 A) and its amplitude grows with increasing voltage. The relaxor ferroelectric phase

shifts to higher 6 values as the voltage increases, with the d-spacing reduced to 4.88 A at 1000 V where the 20

value is 18.14°. The film reverts to the pure relaxor ferroelectric phase when the electric field is removed. The
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reversible electric field-induced relaxor ferroelectric-ferroelectric phase transition is critical to realizing the EC

effect in the terpolymer and its application to refrigeration.

2. The adiabatic temperaturecalculation process

The procedure for calculating the adiabatic temperature change for the terpolymer film is as follows.

The energy equation when the electric field is changing is
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and when the electric field is constant is,
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where T, is the environment temperature, AS is the entropy change of the EC material, Af is the ramp time of the
voltage applied to the EC material as shown in Figure S2, and /4 is the convection coefficient between the sample
and the environment. 4, m, and m, are the surface area, the total mass of the sample, and the polymer mass of the
ink-coated part of the sample. c is the effective specific heat of the ink-coated part of the sample. If the thickness
of the EC film, the thickness of the ink, the specific heat of the polymer film, the specific heat of the ink, the
density of the polymer film, and the density of the ink are /,, /;, ¢,, c¢;, pp, and p;, then the effective specific heat
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. The convection coefficient was determined using the thermal time constant z, which is =

hereis c =
1 !p+pili hA

based on Equation (S2). The thermal time constant was obtained from the measured temperature profile, as shown

in Figure S2. The material properties are listed in Table S1.
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Figure S2. Comparison between the measured data and the computational result at an electric field of 90 V/um. The ramp
time is 0.8 s.

Table S1. Properties of P(VDF-TrFE-CFE) terpolymer and carbon ink

Material p (kg/m®) ¢ (J/(kg'K))
P(VDF-TrFE-CFE) terpolymer’ 1800 1500
Carbon ink® 2260 690

By solving Equation (S1), the temperature change of the sample A7), at t = At is

ATm= ---oo- [e(! plitirre ] !]. (S3)

With the measured AT, from Figure S2, the entropy change AS was calculated from Equation (S3). Then the

adiabatic temperature change A7, jiupaic Was obtained from
A! qaiabatic! p= T, AS. (S4)

One example of the comparison between the measured data and the computational result prediction is plotted in

Figure S2. The agreement is excellent.
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