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In superconductor/ferromagnet hybrids, the stray field and inhomogeneous exchange field coming

from magnetic domain walls have opposite influence on the superconductivity if the ferromagnet

displays in-plane anisotropy. In this paper, we investigate modulation of superconductivity by the

stray field of Bloch walls in Nb/Y3Fe5O12 hybrids where the proximity effect is excluded. By

applying in-plane magnetic field, we show that the resistance as a function of magnetic field

displays two dips precisely at the saturation field Hs of Y3Fe5O12. The superconducting transition

temperature Tc at Hs is higher than that at lower fields, suggesting the suppression of

superconductivity by the stray fields of Bloch walls. By effective controlling of the domain walls,

the superconductivity can be switched either on or off. VC 2011 American Institute of Physics.

[doi:10.1063/1.3572270]

I. INTRODUCTION

During the past few years, intensive research efforts

have been devoted to hybrid superconductor-ferromagnet

(S/F) systems aimed at controlling superconductivity by

magnetic subsystem.1–8 In the S/F hybrids, the superconduct-

ing order parameter can be modulated by both exchange and

electromagnetic interactions. For ferromagnet with perpen-

dicular anisotropy, superconductivity is favorable to nucleate

above magnetic domain walls due to the lowest stray fields

or inhomogeneous exchange fields in those areas. The exper-

imental realizations of domain wall superconductivity have

been reported by different groups.9–11 On the other hand, if

the ferromagnet has in-plane anisotropy, the exchange inter-

action still favors superconductivity above domain walls

while the stray field does oppositely. The coexistence of

exchange interaction and stray field effect results in contrary

experimental observations, e.g., spin switch and inverse spin

switch.12–16 In addition to pure magnetically quenching of

superconductivity, theoretical investigations show that the

stray field from domain wall creates a weak link and can trap

vortex.17,18 Manipulation of vortices by the magnetic domain

walls has been reported recently by Goa et al.19–21 Clearly,

the superconductivity in the S/F hybrids can be modulated

by the magnetic domain wall in different ways.

In this paper, we investigate domain wall modulated

superconductivity Nb/Y3Fe5O12 (Nb/YIG) hybrids by

excluding the proximity effect. The YIG (yttrium iron gar-

net) substrates we used have in-plane anisotropy. The resist-

ance of the Nb film as a function of in-plane magnetic field

shows two dips precisely at the saturation field 6 Hs of YIG,

indicating the suppression of superconductivity by the stray

field from domains walls. The critical temperature Tc of the

superconducting transition in Nb is enhanced at Hs as com-

paring with that at lower fields. These results suggest that the

superconductivity can be modulated by effective controlling

of the magnetic domain walls.

II. EXPERIMENTAL RESULTS AND DISCUSSION

The sample of Nb/YIG has been prepared by depositing

50 nm Nb film on the single crystal YIG (111) substrate

(3� 2� 0.5 mm3) by molecular beam epitaxy. A 10 nm Si

layer was used as buffer between Nb and YIG to exclude the

proximity effect. The magnetic properties of YIG (111) sub-

strate were studied by using a quantum design SQUID mag-

netometer. Figure 1 shows the magnetization loops at 5 K

with magnetic field H applied perpendicular and parallel to

the sample surface, respectively. With increasing field from

zero, the magnetization with H//(111) increases abruptly and

reaches saturation at H � 300 Oe. In contrast, the

FIG. 1. (Color online) Magnetic hysteresis loops of YIG (111) substrate at

5 K with magnetic field applied in plane (open circles) and perpendicular to

(111) (solid circles), respectively. The inset shows schematic illustration of

the sample Nb/YIG with Bloch wall as the source of stray field.

a)Author to whom correspondence should be addressed. Electronic mail:

zryang@issp.ac.cn.
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magnetization with H \ (111) reaches saturation at a rela-

tively higher field (1100 Oe), suggesting an in-plane anisot-

ropy in YIG (111). For ferromagnet with in-plane

magnetization, Bloch walls exist at the surface separating the

magnetic domains with opposite magnetization direction,

which are the source of the stray field, see a schematic illus-

tration of the sample in the inset of Fig. 1. A typical domain

image of YIG with in-plane anisotropy can be found in Ref.

22. The domain walls can move freely in response to the var-

iation of the external field since no hysteresis is observed

here.

The resistance R of the Nb film deposited on YIG was

measured in a Physical Properties Measurement System

(Quantum Design) applying a four-probe ac technique with

an ac current of 10 lA at a frequency of 19 Hz. Figure 2

shows the resistance as a function of magnetic field at various

fixed temperatures. H is applied parallel to the sample surface

in the sequence from � 2 to 2 kOe. At T0¼ 8.435 K, the re-

sistance R(H, T0) displays minima at 300, 0, and 300 Oe. As

the temperature is decreased, three dips develop at the corre-

sponding fields and are clearly visible at 8.43 and 8.425 K.

The resistance at 6300 Oe is even lower than the zero field

resistance. When the field is swept back from 2 kOe, no clear

hysteresis is observed and the R(H) curves are almost sym-

metric with respect to H¼ 0. These dips exist only in a nar-

row temperature range. Above 8.435 K and below 8.42 K, the

resistance does not change between 6300 Oe.

To get a clear picture of the resistive transition at differ-

ent in-plane fields, we show R(T) curves in Fig. 3. By defin-

ing superconducting transition temperature Tc with a

criterion of Rcri¼ 50% Rn, we construct the magnetic field

(H) - temperature (T) - phase diagram, as shown in the inset

of Fig. 3. Tc at zero field is about 8.425 K. The resistive tran-

sition is sharper, with a width of 20 mK. In agreement with

the dips in R(H), Tc measured at 0 and 300 Oe are higher

than that at 100 and 200 Oe. Moreover, Tc(300 Oe) is about

2 mK higher than Tc(0), i.e., the application of 300 Oe pro-

vides an enhancement of superconductivity in the Nb film.

For a pure Nb film, as we know, Tc always shifts monoto-

nously to lower temperature as H is increased.

In order to understand the field enhancement of super-

conductivity in the Nb/YIG hybrids, we shall have a close

look at the domain state of YIG substrate. The magnetization

loop of YIG with magnetic field applied in plane is also

shown in Fig. 2 for comparison. It is clear that the dips in

R(H) curves occur precisely at the saturation field (6300

Oe) of YIG, suggesting that the domain state of YIG is

involved in controlling the superconducting transition of Nb

film. For YIG with in-plane anisotropy, Bloch walls exist at

surface at fields below the saturation field, and give rise to

stray field acting perpendicular to the Nb film, see the inset

of Fig. 1. The total magnetic field in Nb film is a superposi-

tion of the perpendicular stray field and the external parallel

field. In contrast, at 300 Oe, Bloch wall disappears due to the

saturation of YIG, so does the stray field. The total field felt

by the Nb film is therefore the pure external field. This is the

reason why Nb film has the highest Tc at field corresponding

to the saturation field of YIG substrate. With increasing field

from zero, the first stage of the magnetization process in

YIG corresponds to the reversible movements of magnetic

domains, and the total number of the Bloch walls does not

change. In this stage, the total magnetic field in the Nb film

should increases with the applied field. As a result, the meas-

ured resistance at 8.435 K increases with field (Fig. 2). Fur-

ther increase of the applied field results in the expansion of

positive magnetic domains in YIG and the gradual disap-

pearance of Bloch walls. As a consequence of the decrease

of the total magnetic stray field in Nb film, the resistance

decreases with increasing field followed by a dip at the field

(300 Oe) corresponding to complete switching off the Bloch

walls.

Above 300 Oe, the magnetization in YIG substrate is

oriented along the external magnetic field and generates

fringe field from the magnetic poles along the surface anti-

parallel to the applied external field. The fringe field com-

pensates the applied field and should also affect the

superconductivity in Nb film. However, the calculated fringe

field in the major area of the Nb film is about 20 Oe. This

value is much lower than 300 Oe and should not be the main

cause of the resistance dip at 300 Oe.

FIG. 2. Field dependence of resistance R of the Nb/YIG hybrid system at

different temperatures: 8.435, 8.43, 8.425, 8.42 K (from top to bottom). Dot-

ted line displays the magnetic hysteresis loop of YIG (111) substrate at 5 K

with magnetic field applied in plane.

FIG. 3. (Color online) Temperature dependence of resistance R for Nb/YIG

at different in-plane magnetic fields. The inset shows the H-T phase

diagram.

083908-2 Z. Yang and V. V. Moshchalkov J. Appl. Phys. 109, 083908 (2011)

Downloaded 26 Apr 2012 to 134.58.253.57. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions



In Nb/YIG hybrids, by switching the Bloch walls either

on or off, the superconductivity in Nb film can be effectively

modulated. In our case, a globe resistance is measured, the

voltage contacts covers numerous Bloch walls. If we can cap-

ture a single Bloch wall and make the contacts, a pronounced

switching effect can be expected. Based on effective control-

ling of the Bloch wall, it is possible to use this effect for new

devices like the superconducting switch. Finally, it should be

noted that the modulation of superconductivity by Bloch

walls in Nb/YIG is contrary to the recent observation of do-

main wall superconductivity in Nb/Ni0.8Fe0.2 bilayers,

although both have in-plane anisotropy in the ferromagnetic

layer.12 In Nb/Ni0.8Fe0.2 bilayers, the domain wall is found to

favor the superconductivity rather than do the opposite due to

the proximity effect. In the Nb/YIG hybrids, the proximity

effect can be excluded and the superconductivity is only

influence by the stray fields.

III. CONCLUSIONS

In conclusion, the modulation of superconductivity by

Bloch walls has been studied in Nb/YIG hybrids. The supercon-

ductivity is enhanced by switching off the Bloch walls. Based

on effective controlling of the Bloch wall, it is possible to use

the effect for new devices like the superconducting switch.
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