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Abstract: The ferroelectric tunneling junction, with a metal-ferroelectric ultra-thin film-metal structure, has
different tunneling resistance states through polarization manipulation, leading to potential applications in next-
generation information storage devices with low-power consumption, fast reading/writing speed, high storage
density, and non-volatility. However, the ferroelectric thin films still experience high-temperature rises with re-
duced stability due to high driving fields, and reducing the driving electric field is crucial for designing ferroe-
lectric tunneling devices. The ferroelectric thin films with coexisting domains have lowered barriers and de-
creased driving electric fields for domain switching, which are achieved through substrate manipulation. Herein
the substrate effects on the driving field, the tunneling resistance switching ratio and the tunneling properties,

were studied based on the WKB approximation combined with the Landau phenomenological theory. The results
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show that, the ferroelectric tunnel junction with coexisting domains exhibits 3 resistive states corresponding to
out-of-plane and in-plane polarizations. The effective driving electric field can be reduced to 25 MV/m, which is
76% lower than that with 2 resistive single domains. The proposed theoretical framework provides a fundamen-
tal understanding of the formation of multi-state and reduction of the driving field for low-energy, multi-resist-

ance ferroelectric storage devices.

Key words: ferroelectric multi-level tunneling; low consumption; coexisting domain; Landau phenomenologi-

cal theory; substrate misfit strain
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Fig. 1 Schematic diagram of the ferroelectric tunneling junction with coexisting domains
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Table 1 The Landau coefficient, the stiffness coefficient, and the electromechanical coefficient of ferroelectric thin films
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Fig. 3 Substrate strain-dependent spontaneous polarization Fig. 4 Substrate strain-dependent total free energy and the
of different domains in the PbTiO; thin film fractions of different domains in the PbTiO; thin film
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F 2 BHBFLS LS RUEBIT (POTIOL W)

Table 2 The design of reading and writing voltages of the ferroelectric tunnel junction (PbTiO5)

misfit strain u,, /% coercive field E, /(MV/m) writing voltage V,, /V reading voltage V, /V
-1.5 120 0.25 -0.05~0.05
+0.5 28.5 0.06 -0.05~0.05
+1.8 200 0.4 -0.05~0.05

M2 AT 2 PHTIO R AE J+0.5% 0, o/a BEH al/a2 WESEAE HAAFR /BRI , 05 A
FEBFmi L 75 28.5 MV/m , # L 53 SR PR BRI SR AIR T 769%. 0 T itk — 20 USRI IR A4 L BTS¢ HE AT
PR BELAR S, 1803 SR B A I £ 432 U R - 0,05~ 0.05 VB VAR L ol 25 MV/m, /N T4
T, NI AS 3 BRI R 2 3k — 113345 SR S AR BEAE Ak B B 28 2R B R TR A2 4R T, ol TR
X BaTiO), R 45 A DR 285 AKX g o 37 f4 52 i D 15 oA A5 40, BT 7€ BaTiO, WA BE U V, 5 Pb-
TiO,—3.

2.3 RIEZNG THSERFHME

T WS A R % 2 45 A Fi BELR S A e BEL I G HE s e, 3R 43 91 % B T TR — 3O R PBTiO, #il
BaTiO, AR R A 0 25 46f TS B B 2 4Rk B B SrRuO VN B, TR B S0 36 3 R 04,

£3 POUBFLANITTSH

Table 3 Coefficients of the ferroelectric tunnel junction

component of FT) relative coefficient
&, /(8.854x107'2) 90
@, /eV 0.5
ferroelectric layer K3 /eV -4.5
M3z 10
v 0.3
ly /m 6x107"
electrode (SrRu0;) £, /(8.854x10712) 8.45
my /kg 9.109 4x1073!
HF I 3 FhRARARIE TS 1Y He i R BRI Ao BE AR A R B B A (2) —(5) L il B Hse oh

V., BRAS R HL I 5 B A/ N T B, T H A S e R L BT OE e Ry, TR PR
J(P; >0) - J(P, <0)
TER — J(P, < 0)

AT I AT R AE - 1.5% F1+0.5% F PhTiO, AR 1-V #2110 1) Fildse K H BT 56 L A 43 A i
LA R 2R Rk B S AE - 1.5% W RN AR | R ZES5H 1Y) 1-V 2 W 2% 7E O R T I BHAS B s oK
TR EE R 9.2x10° A/m? Fl 1.8x10* A/m? | RFRE Y Ry 2978 450, T 224 3o JIE Ab - s S 137 28 [X ] (Ao JEE 7
AE+0.5% ) B A77F 3 5% 1-V 1Sk, X R 9 fe R L% BE 20 301 7.7x10° A/m?,3.2x10° A/m* 1 2.3x10* A/m?,
WS () B R FRLBEL I G 2428 380 , 35 /INAR G B 2 2 PR Dy W £ DX v R BBORE G S, L TR M Ak 5t 3 A X
FESE AR K/ N RS R M OB R R AR RS T80 T 15% , Ab Tl S0 A8 B PHTIO , T 4 5K 511 i 1
LR 25 MV/m, 76/ T FABE 2R B R 22 3K B B 3% (120 MV/m) , JF ELAHA 3 i BELR A, 33 2 4% 51 R 1% AE
Z B AR H B o s B R AL TR .

(23)
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R T 25 R385 R AN B R R 2 T DG L, R I 7 45 Y R RS AR T, DI AR A
+1.8% MR FEL LT3 -V Rt (R 12) o T o R L R B AR , %) 3 22 5 B (R IR LA R R4 T, B K HL I
FREAY RN 3.1x107 A/m?,3.2x10° A/m* 1 1.1x10* A/m* , Hodg R BHIF G HLak £ 2 908.-5 i 6 /> B4 45 #4:4R:
AWK RS 2R RR AR L, BT SC LR T T 1 AR 9, (AR TR 23 R IR 8 HL (200 MV/m , 403 2 fip
7)) A BEAEIZ N AR 45 1 T D)4 r BHIR AL

: 12107 —
T T 4x10°T
o 9><106- —O—Jc 29° ] o~ ——J. 4o
£ 0] 5o° £ . 04 o
P o < 6x10 Lo
< & N -4x10* 4 -
2 3x100] 410t S 1 <0.05 0 0.05
g i -0.05 0 0.05 E 01
= =t
5 2
=l p =l
5 7310 5] S -6x10°]
5 . E ] ~4x10° , ]
——J i -0.05 0 005
-9x10°% . : ; ; -1.2x10"% . . . .
-0.05 0 0.05 -0.05 0 0.05
reading voltage V, /V reading voltage V, /V
B 10 RN -1.5%M PhTiOL AR 1-V ik B 11 RAEH+0.5% PhTiO; WY 1-V ik
Fig. 10 Current-voltage curves of the PbTiO; thin film Fig. 11  Current-voltage curves of the PbTiO; thin film
under a substrate strain of —1.5% under a substrate strain of +0.5%
04 o_,,;.o-o-o-a-n
5] /D’ ——J
o 7 ¥ -1.2x107{ ¢
E 3x10 K
= -2.4x10° :
< -0.05 0 005
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~
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5 5 el
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-1x10" 4 . . : .
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reading voltage V, /V

B 12 [AEN+1.8%M] PhTiO, MRy -V 2k
Fig. 12 Current-voltage curves of the PbTiO; thin film under a substrate strain of +1.8%
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FH3 T 100( K 13 .14).
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FKHLBH I 5 L AT — 2 A/, 302 DRI A T A M AR 8 i 5 e JEC I 2838 o s i/, S 300F A 4 i 3 2 1 R ol 4
FAAR /N 2 3 kw7 R AR DX AL AS B BELR A SO AN 1 A B3 50T A B B AR X ] s A A BELJF G L
RHEGAR GAR S5 7,8 He i R BT AR ;SO0 N, 3R PR A 28 1 1 L R BRI B4 I 1 A Ak B e i s i 4 &
TEPEZE S AN, T BaTio, R fb i B Ak 247 1 AR X [A] Lk PhTiO, /)y, 530 BaTiO, 2 45 % 28 1Y N A8 v 3
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tunneling current J /(A / m*)
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reading voltage V, /V

B 13 WAE K -0.3%H} BaTiO, MMM 1-V ik

Fig. 13 Current-voltage curves of the BaTiO; thin film under a substrate strain of —0.3%
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Fig. 14 Current-voltage curves of the BaTiO; thin film under a substrate strain of +0.3%
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