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13 Figure S1. The preparation process of Flexible ferroelectric tunnel junction.
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Figure S2. (a)-(g) Optical images showing the bending property of flexible ferroelectric tunnel
junction arrays. (a) shows flexible ferroelectric tunnel junction arrays directly attached to a piece of
double sticky tape. The area of the ferroelectric tunnel junction device is about 15 mm{& 15 mm. (b)

shows flexible ferroelectric tunnel junction arrays directly attached to a tester’s fist. (¢) shows the
relaxed fist with flexible ferroelectric tunnel junction arrays. (d)-(e) shows flexible ferroelectric

tunnel junction arrays directly attached to a tester’s face. (f)-(g) shows flexible ferroelectric tunnel

junction arrays directly attached to pens with diameters of 9 mm and 8 mm. (h)-(i) shows the Mica

substrate can be tore layer by layer by rolling up the double sticky tape with very large curvature.
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Figure S3. XRD patterns of PZT/SRO/Mica heterostructures at various 2 6.
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Figure S4. XRD patterns of PZT/SRO/Mica heterostructures at various 2 6.
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Figure S5. Distinct regions of opposite polarization in the PZT film can be seen in (a), (b) and (c).

(@) 0 h; (b) 1 h; (c)2h.
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2 Figure S6. Hysteresis loops of flexible PZT thin film at various applied voltage.
3 (a) Relaxed state; (b) Bended state.
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Figure S7. The hysteresis and amplitude loops.
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7  Figure S8. Resistance as a function of the writing pulse amplitude for the junction. The bottom electrode is

8 grounded.
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Figure S9. Rorr/Ron as a function of the writing pulse amplitude for the junction. The Ry value is
constant (it is the resistance value when the junction is written with voltage pulse of 5 V), and only

the Rogr value varies with the writing voltage.

Detailed calculated information

The current of the ferroelectric tunnel junction with 4 nm thick PZT film based on direct
tunneling, Fowler-Nordheim tunneling and thermionic injection has been calculated as followings.

The PZT with a polarization P and a static permittivity ey, is sandwiched between SRO and Pt
with different Thomas-Fermi screening lengths /; and /,. A voltage Vj is applied on the device and
the resulting current / through the SRO/PZT/Pt heterostructure is calculated in dependence on the
ferroelectric polarization direction. In fact, the resistance of SRO film is relative high, and the area of
the sample is large. So the SRO film takes a large voltage, and a voltage V' is applied on the PZT film
really. The polarization P is perpendicular to the film surface, either pointing toward the contact
where the voltage is applied (P > 0) after switching with a negative voltage or away from it (P < 0)
after switching with a positive voltage.

The screening charge density O, given by
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The depolarization field Eqepo and the change in the potential barriers 2A®; on polarization

reversal inside the ferroelectric can be calculated from Thomas-Fermi screening.

P—-
Edepol == ( QS) > (2)
(C"ngtat
AD, = L0, e,i=1,2, 3)
gOgm,i

D, =D, +AD, 4)
where @), is the barrier without polarization which might be different for different electrode. The
upper sign (+) applies for @, (the barrier at the interfaces between SRO and the ferroelectric) and the
lower sign (-) for @, (the barrier at the interfaces between metal Pt and the ferroelectric). The

potential barrier @y is the energy barrier which the electrons must overcome during transport across

the SRO/PZT/Pt heterostructure, i.e., ®p ; for > 0 and Op, for V'<0.

O -
Applied field E,, = -V/d, the field due to band alignment Epyng, Ejpy = — y !
e

However, here, we focus on the polarization dependence and introduce it by employing a model
proposed by Zhuravlev et al.! We used the direct tunnel current density jpr given by Gruverman et

al.2

Jor =

3/2 3/2
~ inn| 2% \/cp“—ﬂ—\/chﬁi (5)
4 22 T
2 eV 14
a <DB,2—7— <DBJ+7
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, M ox being the effective tunneling electron mass.

Thermionic injection describes the current which is due to charge carriers which overcome the
potential barrier by thermal energy. The barrier height is lowered by image force lowering, called the

Schottky effect.> The thermionic injection current density jschotrky can be described for sufficiently

) - 1 ’ e’E
.]S(:hottky = A T2 eXp {_E(QB - 4 J] (6)
» TE\Eyy

Where 4™ the effective Richardson’s constant, and & the permittivity of the ferroelectric

high voltages.

responsible for image force lowering.
Fowler-Nordheim tunneling (FNT) is tunneling across a triangular-shaped potential barrier,
which is formed by applying an electrical field £ to a rectangular or trapezoidal barrier.* FNT is

basically the same physical phenomena as direct tunneling, but in a different voltage regime.
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In both the latter mechanisms the electric field £ is the field responsible for band tilting. The
parameters corresponding to PZT (d = 4 nm, &gy = 200, &9 = 10, mg0x = M, and 4™ = 10° A m2K-2)
and its interface with SRO (/; = 0.8A, ey = 8) and Pt [/, = 0.55 A, and ey, = 2] were used. The P
value of PZT is 4 pC/cm? at relaxed state, and 2 pC/cm? at bended state. When the device is at ON
state, @, 1s 0.7 eV, and ®, is 0.66 eV. When the device is at OFF state, ®;1s 1.2 eV, and @, is 0.8 eV.
The final current is a combination of the three mechanisms. However, direct tunneling current is
prominent at low voltage and Fowler—Nordheim tunneling dominates at large voltage. The calculated

result is shown in figure S7, in which the current density has been changed to current and the
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1 diameter of the electrode is about 100 um. In figure S10, the voltage is V,, and V; is 12.5V, these

2 prove that the SRO film takes a large voltage. The calculated results are fit the experimental result in

3 figure 7.
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5 Figure S10. Calculated /-V curves of the ferroelectric tunnel junction with 4 nm thick PZT film.
6 (a) Relaxed state; (b) Bended state.
7 Table 1 Comparison of the flexible/non-flexible junctions.
Ref. Type Ferroele.c tric Organic Flexible Switc!nng
material ratio
34 Tunnel junction BaTiO3 No No ~6.0 x 106
44 Transistor PVDF-TrFE Yes Yes 104~108
45 Transistor PVDF-TrFE Yes Yes ~10°
46 Transistor PVDF-TrFE Yes No ~10°
48 Tunnel junction BaTiOs No No 104~107
This paper Tunnel junction PZT No Yes 100
8 Table 2 The Rorr/Ron as a function of the radius of curvature

Curvature radius Highest on/off ratio Average on/off ratio
(Relaxed) 2.45@10%% 1.08{510%%
4.5mm 5.68510%% 1.5'10%%

4 mm 6.78510%% 2.43510%%
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Figure S11. Switch ratio of as a function of switch cycles.
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