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What is a magnetic garnet?
Degrees of Freedom: engineering composition, properties and 
anisotropy
Spintronics:  Heterostructures, Spin orbit torques, Chiral textures 
Photonics: Magnetooptical Figure of Merit, Integrated optical 
isolators
Multiferroicity in orthoferrites via antisite defects
Outlook: complex oxides and magnetism

magnonic 
logic

Outline
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l Garnets have the generic formula A3B2C3O12 e.g. 
(Ca,Fe,Mn,Mg)3(Al,Cr,Fe)2Si3O12

l Cations occupy dodecahedral (large), octahedral (medium) and 
tetrahedral (small) sites

l Cubic crystal structure, 8 formula units (160 atoms) per unit cell
Y3Al5O12 (YAG) is often used in lasers
Gd3Ga5O12 (GGG) is a common substrate material
and Tb3Ga5O12 (TGG) is a common magnetooptical material

What is a Magnetic Garnet?

Natural Garnet

3
geologyin.comgemfame.com

l Y3Fe5O12 (YIG): Ferrimagnetic
insulator, discovered in the 1950s

l No Ohmic losses; Fast dynamics 
(lowest known damping, a ~ 10-5)

l Cubic, 1.2 nm lattice parameter. 

l 3Fe3+ on tetrahedral and 2Fe3+ on 
octahedral sites are coupled 
antiparallel by superexchange

l Magnetization 5µB per YIG 
formula unit, or 140 emu cm-3 at 
room temperature

l Curie temperature is ~560 K for 
iron garnets

Iron Garnet – a superlative magnetic oxide

2Fe3+

(oct)

3Fe3+

(tet)

4Princep et al., npj Quant Mater 2, 63 (2017)
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Dielectric resonator antenna
based on YIG or GdYIG composites
da Costa et al, Microw Opt Technol Lett. 2020 1–12. 
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Magnetooptical isolators
MO Faraday effect enables 
nonreciprocal optical devices

Acoustic-Magnetic coupling
Acoustic wave modulates magnetic 
anisotropy; magnetically-controlled strain
Deb et al., Phys. Rev. B 98, 174407 2018

Microwave filter
Field from electromagnet tunes resonance of 
YIG which couples rf between two conductors

Iron Garnet (R3Fe5O12) Applications

Bubble memories
Magnetic domains in perpendicularly 
magnetized garnet films
fjkraan.home.xs4all.nl/comp/pc5000/bubble.html

newport.com 

wikipedia

Spin wave propagation

Multifunctional Magnetic Garnets enable New Devices

Magnetic materials rotate 
the plane or polarization 
of light, in transmission or 
reflection

Faraday Rotation and 
Magnetooptical Kerr Effect
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• Spintronic devices use coupled magnetic and electronic properties to enable 
memory, logic, and oscillators.

• Spin wave (magnon) devices are based on propagation, modulation and 
interference of spin waves

• Magnetooptical properties enable nonreciprocal photonic devices

Spin Hall Effect

Charge current Jc leads to 
orthogonal spin 
accumulation; injected spin 
current produces a voltage. 

Yu et al.,  Scientific Reports 4, 6848 (2014)

Magnons are generated and 
detected by Au  coplanar 
waveguides (CPW)
or by spin Hall effect from a 
Pt wire 

Magnetization
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Complex Oxide Thin Film Growth

• Complex oxides typically need to be grown at high 
temperatures and in oxygen

• Complex oxide films are made by ALD, liquid phase 
epitaxy, sputtering, or pulsed laser deposition. 

• We can make single crystal films by growing on an 
epitaxial substrate or layer, or polycrystalline films on 
other substrates like silica, nitride, or Si

• Freestanding films by exfoliation from graphene. 

Pulsed 
Laser 
Deposition 

Excimer laser 
ablates target

Epitaxial growth of YIG 
on GGG
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Kum et al., Nature 578 75 (2020)

Gd3Ga5O12

Y3Fe5O12

Degrees of Freedom: Engineering garnets

2Fe3+

(oct)
3Fe3+

(tet)3RE3+

Dodecahedral sites contain larger 
ions such as Y3+, rare earths or 
Bi3+. 

If the dodecahedral ion is 
magnetic, it couples antiparallel 
to the tetrahedral Fe3+

The net magnetization/formula 
unit is then

|µ(Fe3+) - 3µ(RE3+)|

Compensation temperature (K):                    286      250    220     130     80        ~0      

Rare earth garnets

Dionne, Magnetic 
Oxides (2009)
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We can also substitute for Fe

• Some cations have a site preference, e.g. Sc3+ (octahedral sites); Al3+ and Si4+ (tetrahedral 
sites); Ga3+ both sites. 

• If the valence differs from 3+ then co-substitution (e.g. Ca2+ + Si4+) can balance charge.

Al lowers TCurie and the low-temperature 
magnetization.  

Tetrahedral substitutionOctahedral substitution

In lowers TCurie and raises 
the low-temperature 
magnetization.

x=0.5

x=0

Y3Fe5-xInxO12
Y3Fe5-xAlxO12

Dionne, Magnetic Oxides (2009)
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van Hook, J. Amer. Cer. Soc. 44 208 (1961)

May 1961 Phase Relations i n  the System 

I 

I200 
Magnetite (s.s.) + Hemotite 

Fig. 1. The system Fe3o4-Fez03 after Darken and Gurry (footnotes 1 ( b )  
and (c)) and Phillips and Muan (footnote 1 (d)) with oxygen isobars shown 

by light lines. Dashed lines indicate inferred relations. 

II. Previous Investigation 
The information presently available on the system Fea04- 

Fe20a1 is shown in Fig. 1 ,  the dashed lines representing prob- 
able phase relations at  pressures greater than 1 atmosphere 
of oxygen. Since the vapor pressure of the ambient atmos- 
phere independently influences the phase assemblage (in 
contrast to the more familiar condensed systems where 
pressure variation has a negligible effect), the relation P + F 
= C + 2 applies, where C = number of components, P = 
number of phases, F = degrees of freedom, and 2 refers to the 
two independent variables, temperature and pressure. These 
early studies have provided the basis for the extension of phase 
equilibrium studies to systems consisting of iron oxide and 
additional metal oxide components. A number of such 
systems involving iron oxide have been successfully investi- 
gated a t  temperatures below the melting range, especially 
those dealing with the ferrimagnetic spinels,2 but it is only 
quite recently that the details of the experimental approach 
have been applied to phase equilibria at melting temperatures. 
The general principles of interpretation described by Muan3 
have been used in developing a working model of the prob- 
able equilibrium relations in a portion of the system Y-Fe-0 
in the present investigation. 

( a )  J. W. Greig, E. Posnjak, H. E. Merwin, and R. B. Sosman, 
“Equilibrium Relationships of Fea04, Fe203, and Oxygen,” A m .  
1. Sci.. [5th Series], 30,239-316 (1935); Ceram. Abstr., 15 [2] 74 
(1936). 

( b )  L. S. Darken and R. W. Gurry, “The System Iron-Oxygen: 
I, The Wiistite Field and Related Equilibria,” J .  Am.  Chem. Soc., 
67 (81 1398-1412 (1945). 

(c) L. S. Darken and R. W. Gurry, “The System Iron-Oxygen: 
11, Equilibrium and Thermodynamics of Liquid Oxide and Other 
Phases,” ibid., 68 151 798-816 (1946); Ceram. Abstr., 1947, 
February, p. 50g. 

(d )  Bert Philips and Arnulf Muan, “Stability Relations of 
Iron Oxides: Phase Equilibria in the System Fe304-Fe203 at 
Oxvrren Pressures up to 45 Atmospheres.” J .  Phys. Chem., 64, 
14sr-53 (1960). - 

2 ( a )  R. G. Richards and J. White, “Phase Relationships of 
Iron Oxide-Containing Spinels: I, Relationships in the System 
Fe-AI-0,” Trans. Brit. Ceram. SOC., 53 [4] 233-70 (1954); Ceram. 
Abstr., 1960, July, p. 176a.‘, 

( b )  A. E. Paladino, Jr,, Phase Equilibria in Ferrite Region of 
the  System Fe-Ni-0,” J .  Am.  Ceram. SOC., 42 [4] 168-75 (1959). 

FezOa-Fe,O,- YFeO, i n  A i r  

‘i 
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Fig. 2. The system FhOl-YFeOa in air according to Nielsen and Dearborn 

(footnote 4). 

Nielsen and Dearborn‘ have reported some experimental 
data on the system iron oxideyttrium oxide in air in connec- 
tion with their studies on the growth of yttrium iron garnet 
single crystals using a lead oxide flux. Oxide mixtures were 
heated rapidly on a strip furnace and the observed melting 
temperatures were used in constructing the phase diagram 
shown in Fig. 2. Two intermediate compounds were found, 
yttrium orthoferrite, YFe03, and yttrium iron garnet, YB- 
Fe5OI2. The accuracy of the temperature data was limited 
because of the technique used, but the results indicated clearly 
the essential features of the system. The significant fact for 
purposes of crystal growing is that the garnet phase is not 
stable with a liquid of the same composition in air; i.e., the 
compound melts incongruently. 

111. Experimental Procedure 
Samples in the form of powder were packed in platinum- 

rhodium vials and suspended a t  the thermal center of a plati- 
num-rhodium-wound resistance furnace from platinum quench 
leads, the temperature gradient being about 1°C. over the 
length of the sample vial (10 mm.) at l500OC. The sample 
was centered directly opposite a 95% Pt-5% Rh vs. 80% 
Pt-20% Rh measuring thermocouple. This thermocouple 
was calibrated frequently during the investigation because 
of the known tendency of iron-containing mixtures to con- 
taminate platinum thermocouples after prolonged exposure 
at high temperatures and/or low partial oxygen pressures. 
The calibrants were diopside (CaMgSi,OC, melting point 
1:391.5°C.)6and wollastonite (CaSi03, melting point ISU0C.).6 

a ( a )  Arnulf Muan, “Phase Equilibria at High Temperatures 
in Oxide Systems Involving Changes in Oxidation States,” Am.  

( b )  Arnulf Muan, “Phase Equilibria in the System FeO- 
Fe203-Si02,” J .  Metals, 7, September 1955; Trans. Am.  Insl. 
Mining Met. Engrs., 203, 965-76 (1955). 

J. W. Nielsen and E. F. Dearborn, “Growth of Single Crystals 
of Magnetic Garnets,” Phys. and Chem. solids, 5 [3] 202-207 

6 R. W. Ricker and E. F. Osborn, “Additional Phase Equilib- 
rium Data for the System CaO-MgO-Si02,” J .  Am. Ceram. SOC.. 

J. Sci., 256 [3] 171-207 (1958). 

(1958). 

37 [3] 133-39 (1954). 

YIG
Y:Fe = 0.60

Thin film garnets

Bulk garnet

Bulk vs. Thin Film Garnets

• Bulk garnets do not tolerate much stoichiometry 
deviation

• For thin films, epitaxy can stabilize non-bulk 
compositions with very different properties

• Vacancies and mixed valence Fe are also possible!

TbIG bulk, 
Tb:Fe = 0.60
Tcomp = 250 K TbIG film, 

Tb:Fe = 0.86
Tcomp = 330 K

TbIG bulk

TbIG film

TbIG film: accomodates excess Tb in 
oct. sites plus tetrahedral vacancies
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• YIG with Y:Fe = 1.0 forms a garnet thin film, Y3YFe4O12, with Y and 
vacancies occupying both octahedral and tetrahedral sites. Offers 
new strategies to tune properties.

Y on octahedral site raises 
Ms at low temperatures.

Molecular field model fit shows Y and vacancies 
occupy both Fe sites. Y is preferentially octahedral.

oct

tet

dodec

YFe

Site occupancy in Y-rich YIG

Bulk YIG 5µB Bulk YIG 
550 K

YIG film, Y:Fe = 1:1

Y3(YFe4)O12 

Su et al, Phys. Rev. Mater. 
5 094403 (2021)

Engineering perpendicular magnetic anisotropy

• PMA can be introduced by magnetoelastic anisotropy:
TmIG/GGG with l < 0 and in-plane tensile strain 
EuIG/GGG with l > 0 and in-plane compressive strain

• or growth-induced anisotropy:
ordering of cations in nonequivalent sites during 

growth, independent of strain!
e.g. (Tm3-xEux)Fe5O12, (Tm3-xYx)Fe5O12 or (Y3-xBix)Fe5O12

EuTmIG structure EuTmIG OOP hysteresis

EuIG
GGG

No strain

…yet it has 
PMA

TmIG

Rosenberg et al., Adv. Elect. Mater. 2100451 2021

EuTmIG IP anisotropy

Enhanced anisotropy  
from  growth
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Integration of garnets on Si

Anneal 200s

• Codeposition of Bi3Fe5O12 and Tb3Fe5O12
• Bi-substituted TbIG crystallizes on Si at lower temperatures (600 ˚C) than TbIG 

(900 ˚C). A higher laser fluence aids crystallization by increasing the amount of Bi 
in the film and hence R = (Tb+Bi)/Fe increases from 0.6 to 0.7.

• Too much Bi impedes crystallization into the garnet phase.
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Garnets for spintronics

• YIG is the ‘fruit fly’ of magnetic insulators; 

incorporated into heterostructures with magnets, 

heavy metals, topological materials…

• BiYIG and RE garnets: higher damping than YIG but 

can have PMA and compensation temperatures

17

1 nm

Fe

Tm

Tm

Fe

Gd

TEM of GGG/TmIG(12nm)

Gd3Ga5O12

Tm3Fe5O12

Lang et al. 

Nano Lett. 14, 

3459 (2014)

Bauer et al, 

Phys. Rev. B 104 

094403 (2021)
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• The Pt shows a spin Hall magnetoresistance due to the TmIG, even 
though no charge current flows in the garnet. 

• Spin mixing conductance parameterizes spin transport across interface
• Large enough current can switch the garnet magnetization via SOT

18

Garnet/Pt heterostructures – spin transport
Pt 5nm/TmIG 10 nm/GGG

-380      -190         0           190      380
Hz, Oe

Avci et al, Nature Materials 16 309 (2017), Phys. Rev. B 95, 115428 (2017)

• Diluting the octahedral sublattice with nonmagnetic scandium raises the net Fe 
moment and the SMR amplitude.

Higher SMR and Gi as Sc is added

Model

Data

• Sign change of SMR at compensation temperature and similar spin mixing 
conductance Gi for different RE garnets suggests that spin transport is related to 
the Fe sublattices in garnets

Enhanced spin transport at Pt/Garnet interface by substitution

19Khurana et al., Phys. Rev. Appl. 5 084408 (2021)
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Au

• Domain wall is introduced by current pulse in Au 
wire, then propagated by current or field

Avci et al, Nature Materials 16 309 (2017), APL 111, 072406 
(2017), Nat. Nano 14 561 (2019)

5 nm TmIG/Pt

7 nm BiYIG/Pt
DW moves ~40 µm 

in ~35 ns 
> 1 km/s

• Domain wall velocities measured by spin hall 
MR or MOKE

How fast can domain walls move in garnet films? 

TmIG

13Combined Center Onsite Annual Review 2019

Exceptionally High Current-driven DW Velocities

• DW velocity approaches theoretical maximum

All Optical Motion of Chiral Domain Walls and Skyrmion Bubbles 
 

188 
 

8.3 Anomalous Ultra-fast Current-Driven Domain Wall Dynamics in TmIG 
 

As a significant spin Hall torque and DMI are present in the TmIG films, we characterize 

the current driven motion of high speed DWs. Figure 8.5 shows the DW velocity 𝑣𝐷𝑊 as a function 

of current density 𝐽 in the Pt overlayer for various thickness of TmIG. Several observations can be 

made. First, we see a depinning threshold as low as 0.4 𝑥 1011 𝐴
𝑚2, which is which is about an order 

of magnitude lower than in polycrystalline metallic systems24,31,32. Second, while fast domain wall 

motion has been observed in other multi-sublattice films33 at magnetic  compensation and in 

synthetic anti-ferromagnets,32 they occur at significantly higher current density and are particularly 
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Figure 8.5 | High speed, current-driven domain wall velocity in TmIG/Pt films. 12 and 24 nm 
TmIG DWs lack Neel character, thus an in-plane field is needed to drive them into motion. 2.4, 
3.6, and 6.0 nm TmIG films velocity is limited by DMI strength. Applying an in-plane field to 
the 2.4 nm sample increase the saturation velocity.  
 

• In TmIG/Pt, DWs are translated 
by current even when there is no 
applied field. 

• In BiYIG/Pt, even higher velocities 
are found BUT an in-plane field is 
needed

4.3 km/s

BiYIG

TmIG

In plane field

with in-plane field

D
M

I c
oe

ffi
ci

en
t

• Current-driven domain walls, ~1.5 km/s without field
• DW motion without in-plane field implies presence of DMI; scales with 

1/thickness indicating origin at (substrate) interface
• DMI effective field 50-100 Oe is small compared to metals, e.g. Co/Pt
• High domain wall velocities with no in-plane field needed

24 nm 

2.4 nm

Current-driven DW Velocities in TmIG

Avci et al., Nat. Nanotech. 14 561 (2019)

Dyaloshinskii-Moriya 
interaction coefficient
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Exceptionally High Current-driven DW Velocities in BiYIG

Caretta et al, Science 370 1438 (2020)

4.3 km/s
BiYIG

6.9nm

• 4.3 km/s DW velocity in Pt/BiYIG/SGGG due to low damping; approaches 
theoretical maximum of 5 km/s magnon group velocity

! ≈0.0027, A = 4.2 pJ/m. 

j ~ 1.65 1012 Am-2

• Switching requires an in-plane field; no DMI 

23

• We measured a DMI effective field of 
80 Oe in GGG/7.1 nm TbIG/4 nm Pt
100 Oe in GGG/7.1 nm TbIG/2 nm Cu/4Pt
0 in BiYIG/GSGG

• Sign of DMI is opposite to that in metallic FM/Pt
• DMI is not coming from the Pt interface but from the oxide interface.
• T-dependence matches that of RE orbital AM and scales with strain showing role of 

RE spin orbit coupling in DMI.

Origin of DMI in RE garnets

Sp
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Caretta, Beach, Nat. Comm. 11 1090 (2020)

IP field, Oe
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Interface control in Garnet/Pt Heterostructures

25

Pt deposited ex situ Pt deposited in situ

SMR measurements
in plane field, TmIG/Pt

• We use an in-situ sputter gun to grow metals directly on garnet
• In situ Pt/garnet lacks the dark interface contamination layer seen in ex situ 

samples and has a higher spin mixing conductance

• SOT-driven translation of domain walls at high velocities and proximity 
magnetism in Pt/garnet depend on the interface quality. Pt is usually grown 
ex-situ (after air exposure).

Bauer et al, Phys. Rev. B 104 094403 (2021)

• Polarized neutron reflectometry reveals interface and magnetization profile
• Magnetic proximity effect in DyIG/Pt scales with the net moment of the garnet 

through the compensation temperature.
• MPE is small at 300K, ~0.015 µB/Pt atom over ~3 nm depth, but ~0.2 µB/Pt at 10K.
• Results differ from metallic RE-TM/Pt, => different coupling mechanism in 

insulators

Magnetic proximity effect in Garnet/Pt Heterostructures

interfacial drop in 
scattering length 
density due to 
contamination

Pt deposited 
ex situ

Pt 
deposited 
in situ

Density

Absorption

Density

Absorption

Magnetization
Pt(9 nm)/DyIG(54 nm)/GGG

26Bauer et al, Phys. Rev. B 104 094403 (2021)
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Garnets for Photonics

v Faraday rotation: rotation of the 
plane of polarization, ˚/cm

v Optical absorption: dB/cm

• The figure of merit = Faraday rotation/absorption, ˚/dB at the relevant 
wavelength (e.g. 1550 nm or 0.8 eV)

• Bi or Ce-substituted iron garnets have good figure of merit in near IR 
• Require integration on Si : monolithic integration or wafer bonding

Optical isolator is based on 
Faraday rotation from 
magnetic garnet

Newport.com

Thorlabs.com

FoM=400 °dB−1FoM=580 °dB−1

BiYIG + seed layer

BiTbIG

• Faraday rotation increases with Bi content
• BiYIG showed FR = 2000 ˚/cm, FoM = 580 ˚dB-1

• BiTbIG showed FR = 6000 ˚/cm, FoM = 720 ˚dB-1

Fakhrul et al., Adv. Opt. Mater. 7 1900056 (2019); 9 2100512 (2021)

BixY1-xFe5O12 (BiYIG) and BixTb1-xFe5O12 (BiTbIG) on Si

• Some garnets grow 
directly on Si, others use 
a YIG seedlayer

• Polycrystalline garnets 
can have excellent 
performance though 
typically have more loss 
than a single crystal film.

28
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Magnetooptical garnets in Integrated Photonic Isolators
forward light is not resonant

backward

MO cladding

backward light is resonant

Magnetization

waveguide

laser

29
Bi et al, Nat. Phot. 5 758 (2011)

Ring Resonator Mach-Zehnder Interferometer

Magnetization

Best performance integrated isolator: A monolithic on-chip TM 
magneto-optical isolator with 3 dB insertion loss and 40 dB
isolation ratio

Q. Du et al, ACS Photonics 5, 
5010−5016 (2018)

• CeYIG is under 
the waveguide

• Grey scale 
lithography 
makes taper 
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• MZI device has ~30 dB isolation 
ratio (20 dB over 2 nm bandwidth), 
insertion loss 6 dB.

• This device works for TM 
(transverse magnetic) mode. 
However, on-chip lasers produce 
TE (transverse electric) mode…

Mach-Zehnder TM Mode Optical Isolator
940 x 330 µm

Zhang et al., Optica 6 473 (2019)

Optical Isolators for the TE mode:  Si MZI

Mach-Zehnder isolator on Si

• Isolation ratio = 30 dB, loss = 9 dB,      
10 dB isolation bandwidth = 2nm

• SiN device 18 dB IR, 10dB loss; Size: 
3.2 mm x 1 mm

• First integrated TE isolator without 
polarization rotators  

Zhang et al., Optica 6 473 (2019)

870 x 340 µm



2/26/22

15

33

Room temperature multiferroics

Eshraghian, Trans. Elec. Elec. Mats. 11 243 (2010)
FE-RAM

• Ferroelectrics are useful in nonvolatile 
memory devices, e.g.  FE-RAM

• Magnetoelectric multiferroics allow 
conversion between electrical and 
magnetic signals enabling a range of 
nonvolatile logic and memory devices 

• Search for ways to introduce 
ferroelectricity into magnetic insulators. 

Example of magnetoelectric 
device concept: Intel MESO
Manipatruni et al., Nature 565, 
35 (2019)

34

Room temperature multiferroic: Y-rich YFeO3

• Bulk YFO is an orthorhombic centrosymmetric antiferromagnetic perovskite
• Y-rich YFO shows a substantial RT ferroelectricity and a weak canted magnetism
• Excess Y forms YFe antisite defects

Nb:STO
YFO

Au

FE tester

Nb:STO
YFO

PFM
cantilever 

antisite defects

Y:Fe  
=1.18
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Antisite-defect-mediated ferroelectricity in YFeO3

Fe-rich
Y:Fe = 0.6

Y-rich

• Ferroelectric when Y:Fe > 1 for range of thicknesses 
and strain states

• Shows permanent, writeable polarization up to >150˚C

Y:Fe  
=1.11

Ferroelectric writing
Ning et al., Nat. Comm. 12 
4298 (2021)

36

• Around the antisite defect, the structure distorts 
from Pbnm to a noncentrosymmetric R3c

• DFT predicts similar behavior for other rare 
earths

• Widens the options for RT multiferroics beyond 
BiFeO3

Antisite-defect-mediated ferroelectricity in YFeO3

Ning et al., Nat. Comm. 12 4298 (2021); Kumar et al., Adv. Fn. Mat. 2107017 (2021)
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A two-phase multiferroic YFeO3/CoFe2O4

Ferroelectric writing

No mag. field  ---
2000 
Oe field ---

No field 
With field

• Since the YFO has only weak 
magnetism, we couple it with 
CFO 

• Phase separation observed, 
both phases are epitaxial

• Ferroelectric & Ferromagnetic
• Magnetoelectric coupling 

mediated by strain.

Outlook

38

RENiO3

• Garnets have large tunability via: 
3 magnetic sublattices
epitaxial stabilization of non-bulk compositions 
strain engineering

• Gives a rich parameter space – compare 
with perovskites, ABO3 or spinels, AB2O4

Paramagnetic 
Metal

Paramagnetic 
Insulator

Antiferromagnetic Insulator

S Catalano et al 2018 Rep. Prog. Phys. 81 046501
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Outlook
• Garnets are good insulators with tunable properties: magnetic moment, 

damping, magnetoelasticity, anisotropy, compensation point, Faraday 

rotation… via composition, strain and defect chemistry

• Interfacial phenomena can be accessed via heterostructures of garnet 

with heavy metals, topological materials, ferromagnets, …

e.g. spin hall magnetoresistance, spin pumping, spin orbit torque effects, 

magnetic proximity effect, DMI and skyrmions
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3-port magnonic logic 

Kanazawa et al, Sci. 

Rep. 7 7898 (2017)

• Enablers of spintronic, magnonic and 

photonic devices - but integration challenges 

include the high thermal budget and the 

control of crystal structure and site 

occupancy.

• Lots of opportunities!

YIG


