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Optically Induced Phase Change for Magnetoresistance
Modulation
Guodong Wei, Xiaoyang Lin,* Zhizhong Si, Dong Wang, Xinhe Wang, Xiaofei Fan,
Kun Deng, Kai Liu, Kaili Jiang, Na Lei, Yanxue Chen, Stephane Mangin, Eric Fullerton,
and Weisheng Zhao*
modulations of magnetism, especially
those achieved by local control methods such as voltage-controlled magnetic
anisotropy,[4,5] all-optical switching,[6,7]
multiferroic,[8,9] and ionic[10–12] modulations, have already demonstrated great
potential in device performance improvements and application revolutions.[13]
Meanwhile, optical devices with the advances of high speed, wide bandwidth,
and low loss have greatly promoted the
modern communication industry.[14] Combining the advantages of spintronic and
opto-electronic devices may highly improve the energy conversion eﬃciency,
increase the device speed, and diversify the
functionalities.[15,16] In this sense, a strategy
to realize the optical control of magnetic
characteristics can promote the integration
of spintronic devices into optical systems and trigger emergent
device applications.
Strong correlations between electrons enable extraordinary
control of physical properties (e.g., magnetism and conductivity) via diﬀerent strategies (e.g., electric ﬁelds, magnetic ﬁelds,
and stresses), which implies numerous possibilities for strongly
correlated electron materials in various research ﬁelds, including high-temperature superconductors, 2D electron gas systems,

Optical methods for magnetism manipulation have been considered as
a promising strategy for ultralow-power and ultrahigh-speed data storage and
processing, which have become an emerging ﬁeld of spintronics. However, a
widely applicable and eﬃcient method has rarely been demonstrated. Here, the
strongly correlated electron material vanadium dioxide (VO2 ) is used to realize
the optically induced phase change for control of the magnetism in NiFe. The
NiFe/VO2 bilayer heterostructure features appreciable modulations of electrical conductivity (32%), coercivity (37.5%), and magnetic anisotropy (25%).
Further analyses indicate that interfacial strain coupling plays a crucial role in
the magnetic modulation. Utilizing this heterostructure, which can respond to
both optical and magnetic stimuli, a phase change controlled anisotropic magnetoresistance (AMR) device is fabricated, and reconﬁgurable Boolean logics
are implemented. As a demonstration of phase change spintronics, this work
may pave the way for next-generation opto-electronics in the post-Moore era.

1. Introduction
With integrated circuit production approaching its physical
limits, spintronics has become one of the most promising
technologies for information storage and processing in the postMoore era, owing to its superior properties, including nonvolatility, high speed, and low power consumption.[1–3] The
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Figure 1. Phase change of VO2 and characterization of the NiFe/VO2 heterostructure. a) Schematic illustration of the reversible phase change of VO2
between monoclinic (M1) and rutile (R) lattice structures. b) XRD 𝜃–2𝜃 scan of the NiFe/VO2 heterostructure grown on TiO2 (100) and TiO2 (001)
substrates, suggesting epitaxial growth of the VO2 layer and polycrystalline growth of the NiFe layer. c) M–H hysteresis loops of the NiFe (5 nm)/VO2
(20 nm)/TiO2 (100) sample measured before and after the phase change of VO2 (MS at 300 K and RS at 360 K). The magnetic ﬁeld is applied perpendicular
(data plotted as circles) and parallel (data plotted as squares) to the surface. The insets give the scanning results over small ﬁelds.

and next-generation spintronics.[17] As a representative strongly
correlated electron material, VO2 exhibits complex property
changes as it transforms from a low-temperature monoclinic
(M1) insulator into a high-temperature rutile (R) metal at a critical temperature around 340 K (Figure 1a).[18,19] The phase change
can also be induced by other methods such as the electrical
gating,[20] optothermal heating (Figure S1, Supporting Information) or even photonic eﬀect,[21] which has greatly enriched its
device applications. The sub-ps optically induced phase change
further endows VO2 -related devices with the feature of ultrafast speed.[22,23] Therefore, a phase change-based spintronic device may reform the magnetism modulation strategy and enable
emergent optical-spintronic device applications.
In this work, we study the optical control of magnetism in
NiFe/VO2 heterostructures combining a strongly correlated electron material with a magnetic material. Appreciable and reversible modulations of the electrical conductivity (32%), coercivity (37.5%) and magnetic anisotropy (25%) have been achieved in
these heterostructures during the phase change of VO2 . Further
analyses indicate that interfacial strain coupling plays a crucial
role in this magnetic property modulation. Based on these features, the heterostructures are further used to demonstrate multiresistance states and implement devices with reconﬁgurable
logics. As an optical magnetism modulation strategy, the collision and blending of strongly correlated electron materials and
spintronic materials may pave the way for next-generation optoelectronics.

2. Magnetism Modulation Induced by VO2 Phase
Change
The NiFe/VO2 bilayer heterostructure used in this work is prepared by two steps. VO2 is ﬁrst epitaxially deposited on TiO2 substrates by pulsed laser deposition (PLD), and NiFe is deposited at
room temperature by magnetron sputtering. Figure 1b shows the
X-ray diﬀraction (XRD) results of the heterostructure samples.

Adv. Quantum Technol. 2020, 3, 1900104

The (200) and (002) peaks of VO2 are detected on the samples
with TiO2 (100) and (001) substrates, respectively. The spectrum
shows no distinct characteristic peaks of NiFe, which indicates
the amorphous feature of NiFe.
To investigate the magnetic characteristics modulated by the
phase change, hysteresis loops of a NiFe (5 nm)/VO2 (20 nm)
sample grown on a TiO2 (100) substrate are measured for both
the monoclinic state (MS, 300 K) and rutile state (RS, 360 K)
of VO2 using a Superconducting Quantum Interference Device
(SQUID) magnetometer. As illustrated in Figure 1c, obvious
anisotropy can be observed between the results with an in-plane
and out-of-plane magnetic ﬁeld applied. After the VO2 phase
change, the saturation magnetization (MS ) of the heterostructure
decreases from 898 to 840 emu cm–3 , (i.e., a change of 6.5%, calculated as MS diﬀerence divided by its original value). The insets show scanning results obtained within a small region, from
which the shrinking of the coercive and saturation ﬁelds can be
detected. Remarkably, the decrease is more obvious out of plane,
enhancing the squareness of the curve around the zero ﬁeld. The
coercive ﬁeld (HC ) decreases from 72 to 45 Oe, (i.e., shows a
change of 37.5%, calculated as HC diﬀerence divided by its original value). Generally, a temperature increase will not result in
such a large change imbalance between HC and MS . Further discussion, which will be given in the third section, proves that this
variation is diﬀerent from a mere thermal eﬀect. After excluding
the magnetic contribution of VO2 single layer[24] (Figure S1c, Supporting Information), it is reasonable to believe that the eﬀect is
mainly caused by the phase change of VO2 -induced modulation
on NiFe. It is noteworthy that the phase change temperature of
VO2 can be tuned from 300 to nearly 400 K by methods like doping or substrate stress, which will beneﬁt its device application.[25]
To further explore this modulation eﬀect, the magnetic parameters of the heterostructure before and after the phase change
are determined and summarized in Table 1. The uniaxial magnetic anisotropy (Ku ) can be derived from the in-plane and outof-plane hysteresis results,[26] which increases from −3.55 × 106
to −2.66 × 106 erg cm−3 . To separate the bulk and interfacial
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Table 1. Magnetic properties of SiO2 (20 nm)/NiFe (5 nm)/VO2 (20 nm)/
TiO2 (100).
Temperature [K] HC [Oe] MS [emu cm–3 ] HK

a)

[Oe] Ku [erg cm–3 ] Ki [erg cm–2 ]

300

72

898

4365

−3.55 × 106

0.755

360

45

840

4229

−2.66 × 106

0.885

a) H
K

was obtained by extracting the ﬁeld corresponding to 90% of the out-of-plane

contributions, the relationship between Ku and the NiFe thickness (t) can be written as Ku = Kb −2𝜋MS 2 + Ki /t,[26] where Kb
is the bulk crystalline anisotropy, Ki is the interfacial anisotropy,
and −2𝜋MS 2 is the demagnetizing ﬁeld. In this convention, Ku <0
stands for an in-plane easy axis, and its increasing tendency after the phase change indicates an enhancement of the perpendicular magnetic anisotropy.[27] The bulk crystalline anisotropy is
negligible because of the amorphous characteristic of the NiFe
ﬁlm. Then, the interfacial magnetic anisotropy can be calculated as Ki = (Ku + 2𝜋MS 2 )t, which increases from 0.755 to
0.885 erg cm–2 . These results indicate the possibility of realizing an interfacial perpendicular magnetic anisotropy enhancement in other similar heterostructures, which is highly
desirable for high-density and nonvolatile magnetic storage
systems.[26,28]
After showing the magnetism modulation eﬀect achieved
through the phase change of VO2 , we then focus on realizing
an optically controlled magnetic modulation by the optothermal
eﬀect. To achieve this goal, a laser beam (wavelength 660 nm)
is used to trigger the phase change. Figure 2a gives the hysteresis loops of the sample under diﬀerent illumination power
measured by an in situ longitudinal magneto-optic Kerr effect (MOKE) magnetometer. An obvious modulation eﬀect can
be detected in the power change process, which veriﬁes the

optically controlled magnetic modulation feature. Such a modulation eﬀect can be repeated with the same illumination power,
reﬂecting that this process is fully reversible.
To further study the modulation phenomenon, a phase change
anisotropic magnetoresistance device (PCAMR device) is fabricated. A schematic illustration of the experimental setup is
shown in Figure 2b. The sample is patterned into a Hall bar to
study the magnetic and transport characteristics via magnetoresistance measurements. Figure 2c presents the dependence of
the device resistance on the light illumination power. Interestingly, the resistance curves show obvious dependence on applied
currents. With small currents (1 and 10 µA) applied, the resistance of the heterostructure increases with small illumination
power (lower than 0.5 W cm–2 ), and starts to decrease when the
power becomes larger (higher than 0.5 W cm–2 ). For a large measuring current (100 µA), the resistance shows a “roller coaster”
behavior (inset of Figure 2c). The change rates of the resistance
decrease from 32% to almost 0% (calculated as resistance diﬀerence divided by its original value) as the measuring current is
increased. Diﬀerent from the behavior of ordinary metals, this
complex resistance variation can be explained as the competition
between the temperature dependent resistance of the magnetic
metal and the insulator-to-metal transition induced by the VO2
phase change. Normally, illumination will increase the resistance
of the NiFe; while the phase change from insulator to metal will
reduce the resistance of VO2 . Within the temperature region determined by light illumination and electrical Joule heating, the
diﬀerent resistance-temperature characteristics can thus result
in the aforementioned behaviors. As shown in Figure 2c, a small
current of 1 µA will then be adopted to study the magnetoresistance controlled by the phase change.
Figure 2d–2f gives the magnetoresistance curves of the device
under diﬀerent illumination power. One obvious variation in this

Figure 2. Optically controlled magnetoresistance measurements. a) The hysteresis loops of the sample with diﬀerent illumination power. b) Schematic
drawing of the PCAMR device. Direction of the applied magnetic ﬁelds, H, are also presented. c) The device resistance change measured with varied
applied current under increasing illumination power. d–f) Comparison of the magnetoresistance of the NiFe (5 nm)/VO2 (20 nm)/TiO2 (100) device
without (d) and with the illumination of 1 W/cm2 (e) and 1.6 W/cm2 (f) red light.
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Figure 3. Interfacial strain analysis and characterization of magnetism modulation. a) Kerr signals of the NiFe/VO2 heterostructure grown on diﬀerent substrates with magnetic ﬁeld applied in-plane. The HC change between the MS and RS is 45% for the TiO2 (100) substrate and 25% for the
TiO2 (001) substrate when the illumination power reaches 2 W cm–2 . b) Temperature dependence of out-of-plane magnetization of the heterostructure with a magnetic ﬁeld of 100 Oe (the red line), and the resistance change of VO2 from 300 to 360 K (the blue line). c) Strain analysis when the
VO2 phase change occurs. d and e) Schematic diagram of the VO2 crystal lattice change of the (001) plane and (100) plane with regard to the rutile
structure.

process is the shift in the “valley bottom” (i.e., from ≈50 to 10 Oe
at 1 W cm–2 ), which agrees with the modulation on the coercivity of the heterostructure (Figure 1 and Table 1). In this device,
light and magnetic ﬁeld can induce the insulator-to-metal transition and AMR eﬀects, which endows the device with optically
controlled PCAMR feature. Such an eﬀect may enable emergent
device applications, which will be discussed in the last section of
this paper.

3. Strain Analysis and Mechanism Explanation
To clarify the relationship between the magnetism modulation
and the phase change of VO2 , a series of further experiments are
carried out based on the heterostructure samples. As illustrated
in Figure 3a, even though the change rates are diﬀerent, an obvious coercive ﬁeld decrease can be observed for heterostructures
grown on substrates with diﬀerent crystal orientations. However,
only faint deviations of HC can be detected for the pristine NiFe
sample (Figure S2a, Supporting Information). These results suggest that the modulation eﬀect is dominated by the phase change
of VO2 , rather than by a pure thermal eﬀect of the NiFe layer.
The magnetization–temperature (M-T) dependence of the heterostructure sample is then measured as illustrated in Figure 3b.
The magnetization increase during the heating process is coordinated with the out-of-plane coercive ﬁeld shrinking. Interestingly,
the M-T curve shows an abnormal valley in the temperature range
where the resistance of VO2 drops intensely. This phenomenon
can be explained by the phase coexistence of the nonmagnetic
layer (for example, the VO2 layer in this work).[29,30] The uniform
phase change of VO2 can enhance the magnetization in a gradual
way. However, if the phase change is nonuniform, there will be
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boundaries forming between two diﬀerent phases of VO2 . The
NiFe crystal grains around these boundaries can then be considered as localized magnetic defects and act as pinning centers for
magnetic domain wall movements. Thus, the magnetization increase is blocked. As more boundaries form, the magnetization
may even decrease until the two types of phases are equal. Consequently, a valley is formed in the M-T curve. The relatively broad
temperature range and the ﬂat bottom of this valley also reﬂect
the existence of lattice defects in the VO2 ﬁlm, which can be conﬁrmed by the TEM results in the later session.
Further experimental evidence indicates that this modulation
is an interfacial eﬀect. For heterostructure samples epitaxially deposited on various TiO2 substrates (Figure 3a), the experimental
data show that the change in HC (in-plane) reaches 45% for TiO2
(100) but only 25% for TiO2 (001) between the MS and RS. This
feature veriﬁes that the modulation depends on the crystalline
structure of the VO2 layer. Figure 3c shows the analysis of the
crystal axis conversion of VO2 during its phase change.[21] Remarkably, a more appreciable change can be achieved with the
VO2 layer grown on the TiO2 (100) substrate. On the TiO2 (001)
substrate, the in-plane lattice constant changes are ≈0.4% and
0.2% along the aR and bR directions, respectively (Figure 3d). On
the TiO2 (100) substrate, the lattice constant is compressed by
≈0.8% along cR , and the change rate between bR and cM reaches
18.5% with an additional shear force caused by the angle decrease
of 𝛽 from 122.6° to 90° (Figure 3e; Table S1, Supporting Information). As a result, the interfacial strain eﬀect is enhanced in
the VO2 /TiO2 (100) sample. This analysis suggests that the different magnetism modulation mechanisms could be attributed
to the diﬀerent magneto-elastic eﬀect induced by the structure change, in other words, the interfacial strain coupling between VO2 and NiFe. To conﬁrm this conjecture, the modulation
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Figure 4. High-resolution transmission electron microscopy (HR-TEM) analysis of the NiFe/VO2 heterostructure. a) Cross-section HR-TEM image of
the NiFe/VO2 heterostructure deposited on a TiO2 (100) substrate. Some distortion of the crystal orientation can be detected in the VO2 layer, as marked
in this ﬁgure. b) Energy dispersive spectroscopy (EDS) analysis of diﬀerent elements (Ti, O, V, Fe, Ni, and Si) in the heterostructure. c and d) Nanobeam
electron diﬀraction (NBD) corresponding to NBD1 and NBD2 in (b). e) Schematic diagram of the heterostructure. When the crystal lattice changes, the
increased interface roughness causes the spin, which is originally pinned in-plane, to turn to the out-of-plane direction. f and g) Atomic force microscope
(AFM) results obtained at 300 and 355 K. The ﬁgures also give the average roughness (Ra) and the RMS roughness (Rq) data. A line scanning analysis
along the yellow line is given in (h).

eﬀect of heterostructures with diﬀerent NiFe thicknesses are
examined (Figure S2b,c, Supporting Information). The results
show that the change in HC reaches 67% as the thickness decreases to 3 nm and quickly drops to nearly 0% as the thickness increases to 10 nm. This result agrees with reports that the
magneto-elastic coupling coeﬃcient of NiFe is anomalously large
for thicknesses below 5 nm.[31] Further engineering of this interfacial strain coupling eﬀect in a NiFe/VO2 heterostructure could
enable optimize modulation performance for various device applications.
Based on the understanding that the magnetism modulation is
mainly due to the interfacial strain, we then focus on the origin
of the magnetism modulation caused by interfacial strain during the phase change.[32] Recent research has shown that by engineering the surface, perpendicular or other types of magnetic
anisotropy can be achieved in ultrathin magnetic ﬁlms.[33] In our
phase change heterostructure, the lattice variation in the speciﬁc
plane is quite large, which could lead to some periodic bending
and spin reorientation of the NiFe ﬁlm at the interface.[34] Assuming that it mainly aﬀects the domain wall motion, the mechanism can be understood through a strain-induced anisotropy
change.
The coercivity HC is determined by the domain wall energy:[35]
(
)
Hc ≈ (𝜕𝛾∕𝜕x)max ∕ 8𝜋MS
Adv. Quantum Technol. 2020, 3, 1900104

(1)

where x is the position of the domain wall, MS is the saturation
magnetization, and 𝛾 is the domain wall energy. 𝛾 can be further
written as:[36]
√ (
)
𝛾 = 4 A K 1 + 𝜆s 𝜎

(2)

where A is the exchange constant, K1 is the crystal anisotropy, 𝜆s
is the magnetostriction coeﬃcient, and 𝜎 is the strain applied to
the sample. Thus, HC depends on the strain-induced variation in
the anisotropy.
As shown in Figure 4a,4b, the cross-section transmission electron microscopy (cross-section TEM) results of the heterostructure on a TiO2 (100) substrate verify the existence of thin-ﬁlm
bending in the heterostructure and the absence of obvious intermixing at the interface. Some distortion of the crystal orientation
in the VO2 layer can be observed near the bending area (Figure 4a,
TEM image; Figure 4c,4d, nanobeam electron diﬀraction result).
It may be caused by the VO2 phase change when cooling from a
high growth temperature to room temperature. These structure
features may further enhance the interface roughness of NiFe
after the phase change, inducing reorientation of the spin from
in-plane to out-of-plane[31] (Figure 4e). The saturation magnetization decrease and coercive force shrinkage are probably caused by
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Figure 5. Optically controlled multiresistance states and reconﬁgurable logics. a) Six diﬀerent resistance states are realized using diﬀerent illumination
power and magnetic ﬁeld. b) Two resistance change curves are selected from Figure 2c to illustrate its dependence on measuring current (1 and 10 µA)
when illumination (from 0.5 to 1.6 W cm–3 ) applied. The enlarged picture gives the operation settings of the reconﬁgurable logics. Light illumination
(A) and applied current (B) are deﬁned as two kinds of input signals. The corresponding 0 and 1 settings have been indicated by dashed and solid lines,
respectively. Four resistance states achieved through the operation of A and B are summarized in the table. The value under same input signals can still
be changed by the magnetic ﬁeld, marked as the ﬁeld on and ﬁeld oﬀ states by dotted line. This ﬁgure also gives the reference resistance (RReference ) to
determine the output 0 and 1. c) The truth table of NOR and NAND operations. With magnetic ﬁeld applied and removed, the logic can be reversibly
switched between them. d) Circuit schematic to realize device concatenability.

the variation of the distances between individual magnetic grains
caused by the bending interface structure.
To further conﬁrm the existence of the phase change induced
roughness change, AFM scanning is performed at 300 and 350 K
(Figure 4f,4g). Compared to the sample surface morphology at
the MS, an obvious roughness increase can be observed at the
RS. Figure 4h provides the line scanning result, which shows that
the height diﬀerence between the two states could reach 400 pm.
These results are in agreement with the magnetic characteristic
results, i.e., the increased Ku and enhanced squareness of the outof-plane hysteresis loop.

Adv. Quantum Technol. 2020, 3, 1900104

4. Multiresistance Realization and Logic Function
Implementation
The magnetic sensitivity (Figure 2a) accompanied with the photosensitivity (Figure 2c) in this heterostructure result in a highly
controllable feature of its resistance, which can be adopted for
diﬀerent electronic applications.[37–39] Figure 5a demonstrates
an example of six diﬀerent resistance states achieved via the
synergistic control of the light illumination and magnetic ﬁeld
in the PCAMR device. Both the ﬁeld and illumination enable
the reversible, repeatable, and stable modulation of the device
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resistance. The device has been tested over 20 times with different operations continuously, and no resistance shift has been
observed in this process, which gives a reference of the device endurance. Further implementation of this phase change eﬀect in
other spintronic devices, such as giant magnetoresistance or tunnel magnetoresistance will realize a similar but more appreciable
performance.
The unique device resistance dependence on measuring current when illumination applied, can also be used to design
reconﬁgurable logic gates that is highly desired in the information processing.[40,41] Figure 5b shows two results of device resistance selected from Figure 2c. As illustrated in the enlarged
picture, illumination (deﬁned as A signal) and current (deﬁned
as B signal) can be set as two independent inputs to determine
the output resistance state. The truth table in Figure 5b gives
four diﬀerent states achieved through the operation of A and
B. By setting an appropriate reference resistance (RReference ) to
determine the output 0 and 1, a speciﬁc logic function is implemented. Notably, the resistance value can still be changed by
the magnetic ﬁeld, marked as the ﬁeld on and ﬁeld oﬀ states in
this ﬁgure. So that the logic function can be reversibly switched
by magnetic ﬁelds, for example, between NOR and NAND as
shown in Figure 5c. Such a logic device can be used to perform certain computational tasks, like circuit obfuscation as a
hardware encryption to secure information. A circuit schematic
is also given in Figure 5d, showing a possible strategy to meet
the concatenability requirement of logic applications. Apart from
the function demos we give above to show the possible applications, it is reasonable to believe that the resistance of the device
should be related to the power increasing and decreasing process in the hysteresis range. Such kind of history dependent feature may be used to design beyond von-Neumann computing.[43]
Reports of beyond micrometer level optical integrations,[42] together with development of electrical spin manipulation methods, such as spin-transfer-torque or spin-orbit-torque eﬀects, may
further give birth to a highly integrated phase change spintronic
device.

Heterostructure and Device Fabrication: The VO2 thin ﬁlms were grown
on (001) and (100) TiO2 substrates using a PLD system (KrF, 𝜆 = 248 nm).
The growth of epitaxial VO2 thin ﬁlms was performed at 500 °C with 2.0 Pa
of oxygen. The laser ﬂuence and repetition rate were ﬁxed at 4 J cm–2 and
2 Hz, respectively. The ﬁlm thickness was 20 nm after 7200 deposition
pulses. The Ni80 Fe20 ﬁlms were magnetron-sputtered at room temperature. A total of 5 nm SiO2 was used as a protection layer from oxidation.
Raw bilayer samples were patterned by optical lithography (Micro Writer
ML Baby, Durham Magneto Optics) followed by argon ion-beam etching
into Hall bars with several legs with diﬀerent spacings. Optical lithography
and e-beam evaporation were then used to prepare Cr (5 nm)/Au (100 nm)
electrodes. Then, 10 nm of SiO2 was deposited by thermal evaporation on
the device as a protection layer.
Characterization and Measurement: The magnetic properties were measured by MOKE (NanoMOKE3, Durham Magneto optics ltd) with a
red-light laser (LR-MFJ-660/2000 mW, Changchun Laser Technology Co.)
heat source and SQUID (MPMS3, Quantum Design, Inc.) at room and
high temperatures. The PCAMR devices were measured by normal fourterminal methods with Keithley 6221 and Keithley 2182 sourcing and measuring units, respectively. Meanwhile, an in-plane electromagnet (East
Changing Co. China) provided magnetic ﬁelds with proper directions.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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To conclude, we have combined a strongly correlated electron
material and a spintronic material to fabricate new artiﬁcial
heterostructures in which the spintronic material is endowed
with the optical modulation ability of the magnetic and electrical properties by a reversible phase change process. Changes of
the electrical conductivity (32%), coercivity (37.5%), and magnetic anisotropy (25%) have been observed in the NiFe/VO2 heterostructure. Theoretical analyses and experimental evidence reveal that the magneto-elastic coupling induced by appreciable
interfacial strain (up to 18.5%) may be the origin of the magnetism modulation. Further device implementations indicate
that multiresistance states and reconﬁgurable logic functions can
be achieved in the device. Our work, as a demonstration of optically controlled phase change spintronics, may pave the way for
next-generation opto-electronics.
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