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Fig. 1. (a) Schematic of organic spin valve device; (b) ideal

MR curve when sweeping the applied magnetic field on or-

ganic spin valve devices.
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Fig. 2. (a) and (b) Schematics shows different states of fer-

romagnetic electrode with parallel and antiparallel magnet-

ization in MTJ; (c) and (d) band structure of ferromagnet-
ic layer for parallel and antiparallel magnetization; (e) and
(f) two-resistor network model for magnetization of parallel

and antiparallel alignment®!.
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€o
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Fig. 3. Schematic diagram of the band structure of inorganic materials and organic materials, and the schematic diagram of the

energy difference between inorganic and organic molecule closed to a ferromagnetic electrodeld,

067201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 6 (2022) 067201

(a) Inorganic interface

Semiconductor/
FM matel jpgulator band

é& o
)

FM matel

(b) Spin polarization inversion
I'>AE

(c) Spin polarization enhancement
I'<AE

Molecule Molecule
discrete level 1T el discrete level
FEr

[

t 4 t14 t

B4 ABES RN A (a) TOHLY ARG 0 AR fh 5T Y-S A R BRI () ABE SR IHIAL X I > AE N 215-% FiER AL
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Fig. 4. Schematics of spinterfacel*l: (a) Schematics of conduction and valence band structure at inorganic/FM interface; (b) in-

versed spin-polarization case of I' > AFE at the spinterface; (c) enhanced spin-polarization case of I' < AE at the interfacel'0l.
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(a) HyPc W 7E Fe L% SP-STM & 64; (b) P~ B 1 Cr (001) 1 A Cyo 43T L 1Y L 5 8] ] 1 B F Co JE % L A [ J=2
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Fig. 5. (a) SP-STM image of H,Pc absorbed on Fel®. (b) conductance maps measured over two Cg, molecules absorbed on Cr (001)

surfacel®.. UPS spectra of TNAP with different thickness deposited on Co substrate: (c¢) Secondary electron cutoff; (d) valence band;
(e) detail spectral features of valence band. (f) Co L-edge XMCD results before and after adsorption of TNAP on Co; (g) NEXAFS

N K-edge spectra of monolayer and multilayer TNAP on Col0.
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Fig. 6. (a) Schematic drawing of blocking effect for the in-
sulated AlO, to penetrated Co, and the formation of spin-
terface between penetrated Co and P3HT molecular; (b) sche-

matics of spin-dependent electron tunneling in LSMO/
P3HT/AIO,/Co junction!*sl.

5 Co WA, BHAR T HiEZ ¥ (majority spin)
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M T 4& 8 /0 S b [ A e A ™ A g
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NigyFeyn(10),Co/Al,05/NiggFeyy, Co/CoFy/Al,O5/
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A AR AETE A HL A e i v 0 VR 2
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IR B (Verwey transition temperature, T.), fz i
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Fig. 7. (a) and (b) Magnetotransport measurements of device A and device B, respectively; (c) schematics of devices with no LiF

layer, an anti-ferromagnetic difluoride layer and LiF deposited on an alumina and their respective MR curves 149,

T 2.0
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Fig. 8. (a) Schematic of organic spin valve device of Fe;0,/P3HT/Co; (b) relationship between MR ratio and temperature for
Fe30,4/P3HT/Co OSV device and Fez0, electrode at different bias current; (c¢) model of twin boundary-modulated spin injection at

different temperature™.
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Fig. 9. (a) Schematic of LSMO/PVDF /Co device; (b) PFM phase image measured on the PVDF surface; (c¢) tunneling magnetores-
istance measured after polarizing the device; (d) tunneling magneto resistance of a LSMO/PVDF/Co device measured under 10 mV
at 10 K; (e) tunneling magneto resistance of a LSMO/PVDF/MgO/Co device measured under 10 mV at 10 K©.
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Fig. 10. (a) Schematic of a Au/Co/Alqs;/PZT/LSMO organic spin valve device; (b) and (c) MR shift after applying different ramp-
ing voltage; (d) the energy relationship schematic of device when the electric polarization of the PZT is “up” and “down”[™!.
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Abstract

Spintronics are attractive to the utilization in next-generation quantum-computing and memory. Compared
with inorganic spintronics, organic spintronics not only controls the spin degree-of-freedom but also possesses
advantages such as chemical tailorability, flexibility, and low-cost fabrication process. Besides, the organic spin
valve with a sandwich configuration that is composed of two ferromagnetic electrodes and an organic space
layer is one of the classical devices in organic spintronics. Greatly enhanced or inversed magnetoresistance (MR)
sign appearing in organic spin valve is induced by the unique interfacial effect an organic semiconductor/
ferromagnetic interface. The significant enhancement or inversion of MR is later proved to be caused by the
spin-dependent hybridization between molecular and ferromagnetic interface, i.e., the spinterface. The
hybridization is ascribed to spin-dependent broadening and shifting of molecular orbitals. The spinterface takes
place at one molecular layer when attaching to the surface of ferromagnetic metal. It indicates that the MR
response can be modulated artificially in a specific device by converting the nature of spinterface. Despite lots of
researches aiming at exploring the mechanism of spinterface, several questions need urgently to be resolved. For
instance, the spin polarization, which is difficult to identify and observe with the surface sensitive technique and
the inversion or enhancement of MR signal, which is also hard to explain accurately. The solid evidence of
spinterface existing in real spintronic device also needs to be further testified. Besides, the precise manipulation
of the MR sign by changing the nature of spinterface is quite difficult. According to the above background, this
review summarizes the advance in spinterface and prospects future controllable utilization of spinterface. In
Section 2, we introduce the basic principle of spintronic device and spinterface. The formation of unique
spinterface in organic spin valve is clarified by using the difference in energy level alignment between inorganic
and organic materials. Enhancement and inversion of MR sign are related to the broadening and shifting of the
molecular level. In Section 3, several examples about identification of spinterface are listed, containing
characterization by surface sensitive techniques and identification in real working devices. In Section 4 some
methods about the manipulation of spinterface are exhibited, including modulation of ferroelectric organic
barrier, interface engineering, regulation of electronic phase separation in ferromagnetic electrodes, etc. Finally,
in this review some unresolved questions in spintronics are given, such as multi-functional and room-
temperature organic spin valve and improvement of the spin injection efficiency. Spinterface is of great
importance for both scientific research and future industrial interest in organic spintronics. The present study

paves the way for the further development of novel excellent organic spin valves.

Keywords: organic spin valve, spinterface, organic spintronics, magnetoresistance
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