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Au top electrode

Figure S1: Schematic illustration of BNBT/BCZT bilayer thin films deposited on SrTiO3
(STO) (001) single crystal substrate. Au and LSMO were used as a top and bottom electrode
respectively.
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FigureS2:a,Room temperature polarization versus electric field (P-E) hysteresis loops of
BNBT, BCZT and BNBT/BCZT bilayer thin films measured at f = 1 kHz. b, Saturation
polarization (Ps) and remanent polarization (Pr) obtained from the P-E loops.

Table S1: Maximum AT observed at a temperature (T), adiabatic temperature change (AT),
isothermal entropy change (AS), applied electric field (AE), isothermal heat i.e. refrigerant
capacity (Q = ATAS), electrocaloric coefficient (AT/AE) of typical ferroelectric materials.

*Bulk (B) and Film (F)

EC Materials T |AT|  |AS] AE Q| |AT/AE] Ref.
(K) (K) (J/kgK)  (kVicm) (J/kg)  (Kcm/kV)
Lead-based materials
0.9PMN-0.1PT(B) 298  0.23 105 0.0022 !
0.70PMN-0.30PT (B) 429 2.7 2.3 90 6.21 0.03 2
Pbzro_4558no_455Tio_0903(B) 317 1.6 1.8 30 54 0.0533 8
0.93PMN-0.07PT (F) 298 9 11 723 99 0.012 4
PbZrO; (F) 508 11.4 510 0.022 5
(Pbog7Laoo2)(ZroosTioos)O3(F) 210 85 1110 0.008 6
PbZro.e5Ti0.0503(F) 499 12 8 776 96 0.015 !
PbZros2Ti0.403(F) 659 111 6.17 577 68.49  0.0192 8
Polymer-based materials(F)
P(VDF-TrFE)68/32 mol. % 306 20 95 1600 1900 0.0125 o
P(VDF-TrFE-CFE) 303 15 80 1500 1200 0.011 10
P(VDF-TrFE)/BST75 352 25 600 0.0042 1
Terpolymer/PMN-PT 303 31 1800 0.017 12
P(VDF-TrFE) 55/45 mol % 353 12 56 2090 672 0.0057 13
Lead-free materials
BaZro,TiosO03(B) 313 45 8 145 36 0.031 14
SrTiO3(B) 17 0.06 70 0.0008 5
Nao.sBiosTiO3(B) 412 033 045 50 0.1485 0.0066 16
Bao.65Sro.35 Tio.997M no_oo303(B) 293 3.1 4.8 130 14 0.023 g
BaTiOs (F) 353 7.1 10.1 800 7171  0.0089 18
SrBiTax0q (F) 560 493 24 600 14 0.008 9
BNBT/BCZT bilayer(F) 370 23 26.1 620 600.3 0.037 This
work
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Figure S3: EC results of BCZT00 single layer sample. a, P-E loops measured as function
of temperature under maximum electric field of 620 kVV/cm. measurements were carried out
at a fixed frequency of 1 kHz. b, Variation of maximum polarization as a function of
temperature under four different electric fields. c, Plots of isothermal entropy, ASece, change
vs temperature, and d, plots of adiabatic temperature, ATecg, change vs. temperature under
four different electric field.
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Figure S4: EC results of BNBT4/BCZTse0 bilayer sample. a, P-E loops measured as
function of temperature under maximum electric field of 620 kV/cm. measurements were
carried out at a fixed frequency of 1 kHz. b, Variation of maximum polarization as a function
of temperature under four different electric fields. c, Plots of isothermal entropy, ASeck,
change vs temperature, and d, plots of adiabatic temperature, ATecg, change vs. temperature
under four different electric field.
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Figure S5: EC results of BNBT300/BCZT100 bilayer sample. a, P-E loops measured as
function of temperature under maximum electric field of 620 kV/cm. measurements were
carried out at a fixed frequency of 1 kHz. b, Variation of maximum polarization as a function
of temperature under four different electric fields. c, Plots of isothermal entropy, ASeck,
change vs temperature, and d, plots of adiabatic temperature, ATecg, change vs. temperature
under four different electric field.
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Figure S6: EC results of BNBTo00 single layer sample. a, P-E loops measured as function
of temperature under maximum electric field of 620 kVV/cm. measurements were carried out
at a fixed frequency of 1 kHz. b, Variation of maximum polarization as a function of
temperature under four different electric fields. c, Plots of isothermal entropy, ASece, change
vs temperature, and d, plots of adiabatic temperature, ATecg, change vs. temperature under
four different electric field.
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Figure S7: Relative permittivity (e) vs temperature plots measured at 1 kHz in the
temperature range 125 to 775 K where a, BNBTs0, b, BNBT300/BCZT10o,
¢,BNBT200/BCZT200, d, BNBT40/BCZT360 and e, BCZT 400.

Figure S7 shows the dielectric permittivity vs temperature plots of the bilayer samples under
investigation. The broad maximum permittivity temperature (Tm) and the depolarization
temperature (Tq) are observed at ~675 and ~400 K, respectively, for BNBT single layer (Fig.
S7(a)), which are consistent with those in previous reports 2 21, A broad maximum in
permittivity is observed in the temperature range of 300 — 370 K for BCZT single layer (Fig.
S7(e)). Both Tm and Tq of BNBT/BCZT bilayer thin films shift to lower temperatures with
the decrease in BNBT film thickness (increase in BCZT film thickness). The Tm and Tq of
BNBT300/BCZT100 bilayer are located around ~390 and ~600 K, respectively. In case of
BNBT200/BCZT200 bilayer thin film, the highest dielectric permittivity occurs at 315 — 370 K.
As the thickness of BCZT approaches to 360 nm (BNBT40/BCZTz60), the physical properties
of the bilayer thin film is expected to be dominated by the BCZT layer. The broad peak of
average dielectric constant in all bilayer thin films indicate a diffuse phase transition, which

might be due to the interlayer electrostatic interactions.?? 2
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Figure S8: Theoretical calculations for single-domain bulk BNBT, bulk BCZT, and a 0.5
BNBT/ 0.5 BCZT bilayer considering different temperatures and an arbitrary electric field of
500 kV/cm. a-b Results obtained for a null interface charge and c-d for cint = 4 pClcm?.
Coloured arrows indicate spontaneous electric polarisations.
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Figure S9: PFM measurements at different temperatures. a, Amplitude-voltage butterfly
loops. b, phase-voltage hysteresis loops. ¢, Temperature dependence of piezoresponse against

voltage after SHO fitting.
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Figure S10: The leakage current density versus voltage curves (I-V) of BZCT200/BNBT200
bilayer thin film measured at various temperatures.
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