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Metallic singlet spin valves

P
P	state	– exchange	field	in	both	F	layers	adds	and	
suppresses	Tc

APAP	state	– exchange	field	in	F	layers	(partially)	
cancels	and	reduces	suppression	of	Tc

But – proximity	effect	suppresses	Tc in	both	cases

How	about	rare-earth	ferromagnets??
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Epitaxial growth of Nb/Ho heterostructures

• To	test	role	of	spin	spiral	
need	epitaxial	films

• Growth	at	650-860	°C
• Nb	(110)	seed	layer	on	a-

plane	sapphire
• Ho	(001)	on	Nb
• etc….
• Nb	capping	layer	to	

prevent	Ho	oxidation

• Comparison	non-epi
samples	grown	at	RT
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Ho magnetic properties

• As-cooled	spin	spiral	antiferromagnetic	state	(Mrem =	0)
• Field-induced	irreversible metamagnetic	transition	to	

ferromagnetic state	(Mrem =	Msat)
• Stable square	hysteresis	loop	in	FM	state
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Tc dependence on magnetic state

• Apply	Hset to	set	magnetic	state	and	then	measure	at	H	=	0
• Repeated	for	increasing	and	decreasing	Hset

Gu et	al.,	PRL	115,	067201	(2015)
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FI/S/FI spin valves

P
P	state	– exchange	field	from	FIs	in	S	
layers	adds	and	suppresses	Tc

APAP	state	– exchange	field	from	FI	in	S	
layers	cancels	and	reduces	
suppression	of	Tc

No proximity	effect
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FI/S/FI spin valve

Rmax and Rmin are the maximum and minimum resistance
values, corresponding to the P and AP configurations,
respectively. Since the Al film undergoes a complete
transition from the normal state to the superconducting
state, an infinite magnetoresistance (MR) results. It is
worth noting that the zero resistance state forms a plateau
in the RðHÞ curve. Again, these switching fields did not
match the coercive fields from the MðHÞ loop, but they
match the switching fields seen in the RðHÞ plots for the
EuS=Al and Al=EuS bilayer structures.

Another important feature in the RðHÞ curves is the
strong temperature dependence of the MR, shown for
slightly higher temperatures (see the inset of Fig. 2). This
temperature dependence is further identified by comparing
the superconducting transition temperature TC of the Al
layer in both the P and AP states (see Fig. 4). We obtained
TAP
C # 1:55 K for the AP state using a midpoint definition.

However, TP
C for the P state is below the temperature range

in our pumped 4He bath cryostat which is 1.0 K. In
the range TP

C < T < TAP
C , the resistance change reaches

its maximum value, namely, the complete normal-
superconducting transition. When T reaches the vicinity
of TAP

C , we see a partial transition. The resistance change
was negligible for T > TAP

C . Wewould like to point out that
this infinite MR in EuS=Al=EuS is different from the
infinite MR we reported in the Fe=V=Fe metallic system
[15]. In a metallic F=S=F system, in addition to the pres-
ence of the exchange field, another mechanism also plays
an important part which is the spin-polarized current flow-
ing from one F through the S to the other F. The relative
alignment ofM in the two F layers acts as a valve to control
the supercurrent flowing through the S [4]. Here what we
observed is the intrinsic superconductivity of the Al film
influenced by the exchange field of the insulating EuS

films, acting on the quasiparticle spins. In our chosen
3.5 nm ($ !s) Al films in the trilayer structures, all the
quasiparticles experience the exchange field at both inter-
faces. Thus in the P configuration the net exchange field is
much higher than the typical spin critical field of the 3.5 nm
Al film [26], whereas in the AP configuration the net
exchange field seen becomes negligible or zero, thus lead-
ing to the full recovery of superconductivity.
Sharp and reliable resistance switching is a prerequisite

for candidates of memory and logic circuit applications. To
demonstrate this characteristic, we performed resistance
measurement while varying the H field by steps, maintain-
ing the P or AP configuration of M, as shown in Fig. 3.
Well-defined switching between the normal and supercon-
ducting states was realized. As soon as the magnetization
configuration is switched, the system undergoes a resistive
transition with an infinite MR. Note that we have two
distinct resistance states with zero applied field: one for
the AP state and one for the P state, depending on the
magnetic history. This characteristic can lead to nonvola-
tile memory applications.
The superconducting spin switch effect is also observed

in trilayer structures with thicker Al films. The supercon-
ducting transition temperature was found to increase in a
trilayer with a 5 nm Al film, but with a smaller difference
between TP

C and TAP
C of 0.02 K. This is expected in

de Gennes’ model, as the exchange field is inversely pro-
portional to the film thickness [19,24,33]. In the metallic
F=S=F system, theoretical calculations carried out by
Buzdin et al. showed that the interface transparency is an
important control parameter for the superconducting spin
valve effect [1], which is usually tuned by thin barriers at
the F=S interfaces [11,34]. We emphasize this point in the
present experiment with a clean FI=S=FI system because

FIG. 2 (color online). Resistance as a function of the ex-
ternal magnetic field H at different temperatures for the
EuSð1:5Þ=Alð3:5Þ=EuSð4Þ structure. The change of resistance
diminishes with increasing temperature. Inset: magnetoresis-
tance as a function of temperature. For T < 1:25 K, the MR
values lead to infinity.

FIG. 3 (color online). Stepwise increase and decrease of
the applied magnetic field (a) as a function of time show a
corresponding change in the measured resistance (b) of the
EuS=Al=EuS trilayer at 1.2 K: resistance switches between the
normal and superconducting states at fixed field values. Note that
the trilayer device can be in either the high or zero resistance state
at H ¼ 0. The arrows denote the directions of the magnetic
moment in the two EuS layers.

PRL 110, 097001 (2013) P HY S I CA L R EV I EW LE T T E R S
week ending

1 MARCH 2013

097001-3

Li et	al.,	PRL	110,	097001	(2013)

the wave function of the conduction electrons decays on an
atomic scale in the insulator [2,24].

To demonstrate that the suppression of superconductiv-
ity is due to the exchange field, and is interface sensitive,
we changed the interface transparency. We fabricated a set
of control samples by inserting an ultrathin Al2O3 barrier
between the EuS magnetic insulator and the Al film for the
sample structure EuS=Al2O3=Al=Al2O3=EuS. The super-
conducting transition temperatures were obtained for both
the P and AP states for these devices with the Al2O3

thickness ranging from 0.3 to 0.9 nm. As shown in Fig. 4
for both cases, contrary to the samples with transparent
interfaces, no MR transition for the P and AP states was
found in these control samples. Al2O3 barriers as thin as
0.3 nm at the interface were enough to destroy the prox-
imity effect. Also, it is observed that TC is much higher in
the EuS=Al2O3=Al=Al2O3=EuS sample compared with
TAP
C of the EuS=Al=EuS structure, indicating less interplay

between the superconductivity and ferromagnetism in the
former due to the blocking of the exchange field by the
barrier, whereas in the EuS=Al=EuS trilayers possible
unaligned Eu2þ magnetic moments at the EuS=Al inter-
faces may act as magnetic impurities lowering TC [35,36].
Given the extreme sensitivity of the superconductivity to
magnetic impurities, which in the present case of the Eu2þ

ion carry 7 !B per Eu2þ magnetic moment, a TC change is
not surprising.

Here we discuss the noticeable difference between the
coercive fields Hc obtained from the MðHÞ loop and the
switching fields obtained from the RðHÞ curves. There are
two plausible explanations for this differences. First, we
observe a near doubling of the coercive fields in the EuS
films from 4 to 2 K from SQUID measurements. It is
likely this increasing trend in Hc may continue below
2 K (whereas the SQUID system is limited to 2 K).
Alternatively, the above difference could come from the

surface or interface anisotropy of EuS. Considering that the
present films were deposited onto liquid N2 cooled
substrates, the interfaces are expected to be smooth and
sharp [37]. The MðHÞ loop is a manifestation of the
collective average of the ensemble of all the domains.
Given the observation that a 0.3 nm Al2O3 barrier
completely prevented the proximity effect, it is clear that
the interface magnetization of EuS controls the switching.
We estimated the value of the exchange integral ! for the

interface, by examining the shift in TC for the P and AP
alignments, as was shown for the Fe3O4=In=Fe3O4 system
[21]. We obtain ! for our EuS=Al interface, by fitting the
experimental data to the formula

TC=TC0 ¼ 1–10ð!S=EFÞð
ffiffiffiffiffiffiffi
"0l

p
=dÞ; (2)

where TC0 is the transition temperature of the pure super-
conductor film (without the adjacent magnetic layer), S is
the spin angular momentum of Eu2þ, EF is the Fermi

energy of Al,
ffiffiffiffiffiffiffi
"0l

p
is the coherence length in the dirty

limit, and d is the Al film thickness [21]. Although TP
C for

the trilayer with 3.5 nm Al is below our available tempera-
ture range, we can use our lowest temperature of 1 K
for a rough estimation. Given that TC vs 1=d follows a
linear relation [21], we can estimate ! from the slope. We
obtain !min ¼ 16 meV using as parameters TC0 ¼ 2:22 K
[from Fig. 4(b)], S ¼ 7=2, EF ¼ 11:6 eV, "0 ¼ 1600 nm.
and l ¼ 3:9 nm [26,31]. The actual value of ! should be
larger than 16 meV because TP

C for the 3.5 nm Al trilayer
is lower than 1 K. Substituting this ! value into Eq. (1),
we obtain the exchange field hð0Þ ¼ 13 meV. Using
TC0 ¼ 2:22 K and the BCS relation, we obtain a BCS
gap of 0.68 meV for our 3.5 nm Al film. Comparing this
gap to hð0Þ, we are in the strong exchange field condition.
In conclusion, we studied the transport properties

of a superconductor subjected to an exchange field
using a FI=S=FI sandwich structure with the ferromagnetic
insulator EuS. We demonstrated switching between the
superconducting and normal states by tuning the proximity
effect induced by the exchange field at the EuS=Al inter-
faces. Clean and sharp transitions, as well as an infinite MR
has been realized, confirming the theoretical prediction
of de Gennes [19]. This system has potentials for logic
circuits and memory applications. It also provides a plat-
form to engineer structures with an s-wave superconductor
and a ferromagnetic insulator in the search for Majorana
fermions [38].
We thank Guo-Xing Miao for valuable discussions. This

work was supported by NSF Grant Nos. DMR-1207469
and DMR-0907007, and ONR Grant Nos. N00014-09-1-
0177 and N00014-13-1-0301, and the Center for
Excitonics at MIT, an Energy Frontier Research Center
funded by the U.S. Department of Energy, Office of
Science and Office of Basic Energy Sciences, under
No. DE-SC0001088. N. R. thanks the German National
Academic Foundation for financial support.

FIG. 4 (color online). Temperature-dependent resistance for
the parallel (P) and antiparallel (AP) configurations for
(a) EuSð1:5Þ=Alð3:5Þ=EuSð4Þ, and (b) EuSð1:5Þ=Al2O3ð0:3Þ=
Alð3:5Þ=Al2O3ð0:3Þ=EuSð4Þ. No MR transition is observed
with the Al2O3 layers inserted. Black data squares are for the
antiparallel state and red data triangles are for the parallel state.
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Large	∆Tc

Infinite	magnetoresistance
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GdN
• A	magnetic semiconductor	/	insulator
• Reactive	sputtering	from	Nb	&	Gd	targets
• Magnetic	properties	depend	strongly	on	stoichimetry

Senapati et	al.,	
PRB	83,	014403	
(2011).
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GdN tunnel barriers
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GdN/Nb/GdN SSV
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Coupling of magnetism and superconductivity

• Control	of	superconductivity	by	magnetism	– using	magnetic	fields

• Control	of	magnetism	by	superconductivity??
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FI/S/FI spin valves
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GdN/Nb(x nm)/GdN
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Superconducting exchange coupling

• Net	exchange	field,	and	hence	Tc, dependent	on	angle	between	FI	
layers

• Condensation	energy	

• Energy	gap

• Changing	magnetic	orientation	changes	condensation	energy
– Effective	exchange	coupling between	FIs.	

Ec =
1
2
tSN(0)Δ

2

 
Δ T ,θ( ) ! 3.2kBTc θ( ) 1− T

Tc θ( )

ΔEc T( ) ≡ EexS T( ) = 3.2
2

2
kB

2dsN (0)Tc0 1−
T
Tc0

⎛
⎝⎜

⎞
⎠⎟

P

AP

Low	Ec

High	Ec

de	Gennes,	Phys.	Lett.	23,	10	(1966)
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Superconducting exchange coupling
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Another form of exchange coupling

• Exchange	bias

• RKKY

• Néel

• Superconducting	
exchange	coupling

LETTERS
PUBLISHED ONLINE: 19 SEPTEMBER 2016 | DOI: 10.1038/NMAT4753

Superconducting exchange coupling between
ferromagnets
Yi Zhu, Avradeep Pal, Mark G. Blamire* and Zoe H. Barber

Recent discoveries from superconductor (S)/ferromagnet
(FM) heterostructures include ⇡-junctions1, triplet pairing2,3,
critical temperature (Tc) control in FM/S/FM superconduct-
ing spin valves (SSVs)4–7 and critical current control in
S/FM/N/FM/S spin valve Josephson junctions8,9 (N: normal
metal). In all cases, the magnetic state of the device, generally
set by theappliedfield, controls the superconducting response.
We report here the observation of the converse e�ect, that
is, direct superconducting control of the magnetic state
in GdN/Nb/GdN SSVs. A model10 for an antiferromagnetic
e�ective exchange interaction based on the coupling of the
superconducting condensation energy to the magnetic state
can explain the Nb thickness and temperature dependence
of this e�ect. This superconducting exchange interaction is
fundamentally di�erent in origin from the various exchange
coupling phenomena that underlie conventional spin electron-
ics (spintronics), and provides a mechanism for the active
control of the magnetic state in superconducting spintronics11.

Electron exchange coupling between magnetic layers defines
the ground state configuration of magnetic heterostructures. In
conventional spintronics, an applied field or current-driven spin
transfer torque12 is used to change the magnetic state—for example,
to write to a memory element. The primary mechanisms of this
exchange coupling are direct (Heisenberg) coupling between a
ferromagnet (FM) and an antiferromagnet (AFM) to generate
exchange bias13, and indirect Ruderman–Kittel–Kasuya–Yoshida
(RKKY) coupling14 which, for certain non-magnetic (N) spacer
thicknesses, can be antiferromagnetic (AF)—crucial to the original
discovery of giant magnetoresistance15,16 and now widely applied to
create synthetic AFMs17. The magnitude of such exchange coupling
is controlled by the materials and layer thicknesses, and creates a
passive ground state against which active methods of magnetization
control must act. Here, we present evidence for a fundamentally
di�erent exchange interaction mediated by the superconducting
condensation energy and driven by an exceptionally large change in
Tc (1Tc) between parallel (P) and antiparallel (AP) configurations.

A series of GdN(3 nm)/Nb(tS)/GdN(5 nm) trilayer super-
conducting pseudo spin valves were deposited with di�erent Nb
layer thicknesses tS (see Methods). A typical set of resistance versus
magnetic field (R(H )) curves (Fig. 1a) shows a well-defined infinite
magnetoresistance (MR= (Rmax �Rmin)/Rmin) with sharp switching
between normal and superconducting states. The behaviour is
similar to that reported for EuS/Al/EuS devices by Li et al.5, but the
higher Tc of Nb means that it is observable up to ⇠6K (see right
inset to Fig. 2, Supplementary Information 1 and Supplementary
Fig. 1) rather than below TcAl (⇠1.5 K).

The MR originates from the di�erence in Tc between P and AP
alignment (left inset to Figs 1b and 3d) and the appearance of an AP
state over an extended field range between lower and upper coercive

fields, Hc1,2, corresponding to the switching of the 5 nm and 3 nm
GdN layers, respectively. This is evident in low-T magnetization
versus field (M(H)) loops (Fig. 1b). For temperatures well above Tc,
there is little evidence of separate switching of the two GdN layers
despite their di�erent thicknesses.

Figure 2 shows the temperature dependence of Hc1,2 for several
tS; in the normal state, Hc1,2 are similar to each other and between
samples. However, for each tS, below Tc, Hc2 increases rapidly with
decreasing temperature, suggesting the onset of a pronounced AF
exchange coupling in the superconducting state. Our results provide
the first experimental evidence for a superconducting exchange
coupling (SEC), originally proposed by de Gennes10, mediated by
the dependence of the superconductivity on the angle between the
ferromagnetic insulator (FI) magnetizations in a SSV.

In order to distinguish this e�ect from other temperature-
induced changes to Hc, we plot, in Fig. 2, Hc from 5 and 3 nm-thick
plain GdN films (that is, corresponding respectively to Hc1 and
Hc2 in the SSV samples). The SSV Hc2 data increase above the
3 nm trend line at the onset of superconductivity, as expected with
an additional exchange term associated with superconductivity. At
higher temperatures Hc1 and Hc2 di�er less than the plain films,
indicative of an underlying ferromagnetic Néel coupling mediated
via stray fields originating from surface roughness.

Trilayer structures were also fabricated (in a single deposition
run), with either a Nb or non-superconducting Ta interlayer
between identical GdN layers (see Methods and Supplementary
Information 2). Above the Tc of the Nb SSV, Hc2 was identical in
the Nb and Ta samples; however, below its Tc, Hc2 was significantly
higher in the Nb sample, further confirming the existence of SEC as
described above. Figure 3a shows example hysteresis loops, whilst
all M(H ) loops and a plot of Hc1,2 versus temperature are shown in
Supplementary Figs 2 and 3.

We have also grown GdN/AlN/Nb/AlN/GdN control samples
(see Methods), which show a much higher Tc than their SSV
equivalents andno response to themagnetic orientation, confirming
that MR and 1Tc are not a result of stray fields. 1Tc in a FI/S/FI
SSV does originate from a net exchange field h acting on the
singlet Cooper pairs gained during their reflection from the S/FI
interface. It was shown by de Gennes10, in the limit tS ⌧ ⇠S, that
h=Acos(✓/2), where A depends on the interfacial spin coupling,
✓ is the angle between the surface spins of the FI layers, and ⇠S
is the S layer coherence length. In this limit, which is satisfied for
tS.12 nm in our experiments and for applied fields well below the
critical field of the S, h (and hence theTc) are determined exclusively
by ✓ (see sketched inset to Fig. 1b and Supplementary Information 3
and Supplementary Fig. 4).

The superconducting condensation energy per unit area is given
by Ec = tSN (0)�2/2, whereN (0) is the density of states at the Fermi
energy and � is the energy gap. In SSVs, because Tc varies with ✓ ,

Department of Materials Science and Metallurgy, University of Cambridge, 27 Charles Babbage Road, Cambridge CB3 0FS, UK. *e-mail: mb52@cam.ac.uk

NATUREMATERIALS | ADVANCE ONLINE PUBLICATION | www.nature.com/naturematerials 1
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Triplet spin valve

• Orthogonal	F	layers	
create	triplet	proximity	
channel	into	thick	F	
layer	and	lower	Tc

• In-plane	field	rotation	
produces	∆Tc
– Wang et	al.,	PRB	89,	

140508(R)	(2014)

RAPID COMMUNICATIONS

GIANT TRIPLET PROXIMITY EFFECT IN . . . PHYSICAL REVIEW B 89, 140508(R) (2014)

FIG. 3. (Color online) (a) and (c) R(T ) and
(b) and (d) values of TC as a function of θ

for (a) and (b) Cu(5 nm)/Co(6 nm)/Cu(5 nm)/
Py(4 nm)/Cu(5 nm)/Nb(21 nm) (PSV-A) and (c) and
(d) Cu(5 nm)/Co(3 nm)/Cu(5 nm)/Py(4 nm)/Cu(5
nm)/Nb(20 nm) (PSV-B) in a constant in-plane field
of 5 mT. In (b) and (d) the black lines are a guide to
the eye.

applied field angle θ (for a 5 mT field) was also investigated
and TC was found to be constant for all values of θ .

Before concluding that the trend of TC on θ can be explained
on the basis of spin-triplet pair generation, we must first
rule out the possibility that fringing fields from the PSV are
suppressing TC (a particular issue in F-S-F structures [35,36])
or that the proximity effect is due to singlet pairs.

Stray magnetic fields from Py are unlikely since the applied
field of 5 mT during the measurement of TC is larger than the
minimum or maximum coercive fields of Py (and so the Py is
approximately a single domain). The Co is also unlikely to be
affected by a 5 mT field since the coercive field is larger than
10 mT and that the remanent state is isotropic on an applied
field angle. Nevertheless, to rule out stray fields we repeated
steps 1–4 above on the Cu/Py(4 nm)/Cu/Nb(20 nm) control
sample but with a magnetic field of 0.5 mT. In the absence
of a second F layer (Co) spin-one triplet pairs should not be
generated and so singlet pairs should dominate the TC of this
reference structure. The important R(T ) curves corresponding
to Ha parallel and perpendicular to HA of Py are shown in
Fig. 4. Additional R-T data for Ha applied 30° away from the
HA of Py are also included. Although TC is weakly affected
by an applied field angle, TC is lower by 10 mK (at best) when
Ha is parallel to the HA, which is the exact opposite trend to
that shown in Fig. 3 where TC is lower in the EA configuration.
This behavior can be easily understood by considering domain
walls in Py: In the HA, MR (Fig. 1) is close to zero implying
the domains are randomly orientated with a large domain wall
density meaning significant flux must be interacting with Nb
and suppressing its TC ; in the EA, MR is close to 1 meaning
the Py layer is approximately a single domain and so the
density of domain walls present must be negligible compared
to the HA orientation—hence TC is higher. This analysis rules
out a stray field suppression of TC in Fig. 3 and thus supports

our hypothesis that the suppression and subsequent minima in
TC at 90° (EA) are related to spin-one triplet pairs enhancing
the proximity effect (detected via a suppression of TC).

To compare Fig. 3 to spin-triplet theory, we calculated the
dependence of TC on θ by numerically solving the linearized
Usadel equation [37]. As shown by the solid (pink) curves
in Fig. 3, there is a very good qualitative agreement between
our model and the experimental results, giving both similar
values for "TC and a minimum in TC near θ = 90°. Identical
conductivities and interfacial resistance values are used in both
fits—it should be noted that these parameters mostly influence
the absolute values of TC and only weakly affect the trend
of TC on θ . The two adjustable parameters are the critical
temperature of Nb (TC0) in the absence of the PSV and the
ratio of the exchange energies of Py and Co. The latter is the
most important parameter controlling TC(θ ) and good fits were
acquired using the Curie temperatures of Py and Co of 600 K
and 1350 K, respectively.

FIG. 4. (Color online) R(T ) curves from a Cu/Py(4)/Cu/Nb(20)
(numbers in nm units) control sample with an in-plane magnetic field
of 0.5 mT applied along the EA (red) and HA (blue) of Py and also
30° away from the HA of Py (gray).
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Superspin

Out of plane triplet spin valve

• MoGe/Ni/Cu/CrO2
– Singh et	al.,	PRX	5,	021019	(2015)

• Nb/Ni/Cu/Co
– Feng et	al.,	APL	111,	042602	(2017)
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Superspin

Out of plane triplet spin valve
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Out of plane triplet spin valve
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Spin-orbit spin valve

• Nb/(Pt)/Co/Pt
• One	magnetic	layer
• Change	magnetisation angle	with	respect	to	spin-orbit.

H

H



Superspin

Tc(H)

• Co	flux	injected	for	OOP	field	for	Nb/Co/Pt and	Nb/Pt/Co/Pt
• Pt spacer	layer	changes	behaviour

H

H

H

H

H

H

Slow	decrease



Superspin

∆Tc(H)

• Structural	inversion	symmetry	of	
Pt/Co/Pt gives	rise	to	spin-orbit	
coupling

• Triplet	pairing	components	
appear	due	to	spin	rotation	of	
the	Cooper	pair	due	to	SOC .	

No	SOC

SOC



Superspin

∆Tc(H)

• Difference	between	Tc(H)	for	Nb/Co/Pt and	Nb/Pt/Co/Pt
• Depairing	energy	of	short-range	triplets	increases	with	θ
• Closing	the	triplet	proximity	channel	with	increasing	θ results	in	fewer	

Cooper	pairs	leaking	from	superconductor	- increasing	Tc

θ H H
modelled

experiment

Decreasing	θ Increasing	θ



Superspin

Triplet proximity effect controlled with one magnet

• Co	flux	injected	for	OOP	field	for	Nb/Co/Pt and	Nb/Pt/Co/Pt
• Pt spacer	layer	changes	behaviour

H

H

H

H



Superspin

Superspintronics

• Infinite	magnetoresistance	in	Ho/Nb/Ho	spin	valves

• Very	large	∆Tc (>	1.5	K)	in	GdN/Nb/GdN	spin	valves

• Superconducting	control	of	the	magnetic	state
– A	key	ingredient	for	superconducting	spintronics
– www.superspintronics.org

• Demonstration	of	triplet	proximity	effect	induced	by	spin-orbit.

• Superconducting	spin	currents	
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