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Note 1. Resistivity of samples

The resistivity measurements were carried out at room temperature.

Corresponding results are shown in Fig. S1, confirming the highly insulating

characteristic of samples.

a 0.10

Fe,O4

0.05}

0.00

Current (nA)

-0.05¢

05 0.0
Voltage (V)

c Cr,0,

05 0.0
Voltage (V)

o Current (nA) o

- = = o o o =
o =N . o o P o
© o o [5:] o (4] o

Resistivity (2 m)
=)

Fe,0,/Cr,04/Fe,0,

-0.5

0.0
Voltage (V)

0.5

1.23x107

Cr,0,

2.54x10°

Fe,O,4

2.88x10°

Fe,04/Cr,0,/Fe,0,

Fig. S1 Resistivity of samples. Current-voltage (I-V) curves of FexOs (a),

Fe203/Cr203/Fe203 (b) and Cr203 (c). These films were sandwiched by two electrodes

for the 1-V measurements. Corresponding resistivity data are calculated and shown in

d. The ultralow current and concomitantly high resistivity reflect the high insulating

characteristic (>GQ) of the samples. Note that the values of current in a and b are at

the order of pA, which is close to the limit of the sensitivity of semiconductor device

analyzer, therefore there exists some noise.

Note 2. Simulation of the SMR curves

SMR curves of the control samples (Fig. 2a and b in the main text) show

hysteretic behavior, suggesting that the Né&l vector is switched when the Zeeman
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energy overcomes the anisotropy energy. The switching reflects that the degeneracy
of the spin-flop states is broken, which is caused by the Dzyaloshinskii-Moriya
interaction (DMI)%!. Meanwhile, the curves have no sharp resistance transition,
revealing that the switching is step-by-step, because the anisotropy scatters in a
certain scale. To mimic these behaviors, we calculate the energy profile of different
magnetic configurations to obtain the transition conditions under a given anisotropy.
The SMR curves are simulated by varying the anisotropy and estimating the sum of
the curves with corresponding transition conditions.

The energy of one Fe,O3 layer can be expressed as
E, =—Mm,-H-Mm,-H +% M;Hem, -m, + MH,,m, xm, + K(m,) + K(m,),

(S1)
where H is the external magnetic field, m; (i = 1, 2) is the direction vector of the
magnetization of sublattice i, Ms is the saturated magnetization of one sublattice, He
is the exchange field, Hpwm is the DMI effective field and K(m;) is the anisotropy. Due
to the strong exchange coupling®?S3, we have mi = —my, thus it is convenient to
describe the magnetic configuration by the Neél vector mi — my and the angle a
between mz and —-m; (a << 1). Set the external field at x-axis and minimize the energy
by varying a, we have

(Hsin@+H,,)’

E=—M, +2MH, cos’(30) (S2)

E
where @ is the angle between the Né&l vector and the x-axis, and Ha is the three-fold
anisotropy effective field>* . Note that the influence of o on the anisotropy energy is
neglected because the anisotropy field is much smaller than the exchange field, the

external field and the DM I effective field5253:56,



We then calculate the energy profile of 6 = /2, © and 3n/2 states. The switching
condition between these states are obtained by solving E(61) = E(62) + 4Ks, where 61
and 6, are the states before and after the switching, respectively. The 4Ks term is
added to mimic the barrier between two states. The normalized SMR signal is equal to
cos?d, therefore, when the system goes through the 6 = n/2, © and 3m/2 states, the
signal would be 0, 1 and 0, respectively.

As mentioned above, the anisotropy of the sample has a distribution, and the exact
form of this distribution is unknown. However, the peak position and the peak width
could reflect the center and the range of the distribution of the anisotropy. To give a
simple and reasonable approximation, we assume that the distribution of the
anisotropy results in a normal distribution N(u, ¢°) of the switching condition, where u
and o can be estimated by the average and the standard deviation of the switching
conditions calculated from different anisotropy parameters, respectively.

We calculated two SMR curves with Ha = {1, 3, 5} and {0.4, 1.2, 2} (in Oe),
shown in Fig. S2a and b, respectively. Other parameters are set to be He = 9 <108 Oe
and Hom = 2 x10* 0e52536_ |t can be seen that the simulated curves of the first and
second Ha groups are in good agreement with the experimental curves of the Fe>O3
and Cr20s/Fe203 control samples, respectively.

The SMR curve in the antiferromagnetic junction with interlayer coupling (Fig.
2d in the main text) is obtained in a similar way. The energy of the system is given by

(Hsing, +Hyy)* (Hsing, +Hg,)?

E =—t,M, t, M

E E

+2t M¢H ,, cos®(36,) + J sin*(6, - 6,),

+2t, M H ,, cos*(36,)

(S3)
where t, and t; are the thickness of the bottom and top layers, respectively, Hap and

Hat are the anisotropy field of the bottom and top layers, respectively, 6, and 6 are the
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6 of the bottom and top layers, respectively, and J is the interlayer coupling energy.
(6o, 6) = (n/2, /2), (7/2, 7), (n, 3n/2), (3n/2, 0) and (3w/2, 3m/2) are considered,
corresponding to normalized SMR signal 0, 1, 0, 1 and 0, respectively. In SMR curve
calculation, when both Hap and Hat are involved in the switching condition, we
estimate the ¢ parameter in the normal distribution N(u, ¢?) by the sum of the standard
derivation of the switching condition caused by each anisotropy field. Using Han = {1,
3,5} and Hat ={0.4, 1.2, 2} (in Oe), J/Mst, = 7 Oe (corresponding to coupling energy
at the order 0.01 meV/unit cell), t, = 12 nm, t: = 4 nm, we obtain the calculated SMR
curve of the antiferromagnetic junction as shown in Fig. 2e in the main text. The
calculated curve reproduces the key features of the experimental curve displayed in
Fig. 2d in the main text, demonstrating the existence of an orthogonal interlayer

coupling in the antiferromagnetic junction.
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Fig. S2. Simulated SMR curves in control samples. a, Fe2O3/Pt b, Cr.0s/Fe;O3/Pt.
The resistance peak in Fe>O3/Pt appears at larger magnetic field than that of

Cro03/Fe;03/Pt, indicating a larger spin-flop field in Fe2O3/Pt, which is consistent

with the experimental results in Fig. 2A,B in the main text.

Note 3. HAADF-STEM image of Fe2O3/Cr203/Fe2O3

Figure S3a presents a high-angle annular dark-field scanning transmission

electron microscopy (HAADF-STEM) image of the Fe203/Cr.03/Fe2O3 cross-section.



The Fourier transform along the [1120] zone axis of Cr,Os; (Fig. 3b) and the

bottom Fe>O3 (Fig. 3c) reflects the epitaxial growth of the junction.
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Fig. S3. HAADF-STEM image and Fourier transform patterns. a,
HAADF-STEM image of the Fe;Os/Cr.Os/Fe;O3 junction along the [1120] zone
axis, where the white dashed lines denote the interfaces. Cr and Fe atoms are
highlighted. Note that there exist some bright islands, which is caused by adsorbed
platinum during sample preparation by focused ion beam (FIB). The Fourier
transform along the [1120] zone axis of Cr,O3 (b) and the bottom Fe.Os; (c)

reflects the epitaxial growth.

Note 4. Magnetoresistance measurement with low spin Hall material as the cap

layer.

In order to verify that the magnetoresistance is caused by SMR, we performed
measurement with the cap layer comprised by a low spin Hall material titanium (Ti)
under the same test condition with that in Fe2O3/Cr.03/Fe203/Pt. The corresponding

data are shown in Fig. S4. It can be seen that there exists negligible magnetoresistance
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signal when the magnetic field is applied, excluding other magnetoresistive effect

such as anisotropic magnetoresistance.
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Fig. S4. Negligible magnetoresistance in Fe203/Cr203/Fe203/Ti.

Note 5. Exclusion of the influence from defects-related magnetism

In antiferromagnets, the SMR shows a negative polarity, namely, low resistance
states at high H reflect that the Néel vector (n) of Fe>Os is perpendicular to the current
(x) due to the spin-flop at high fields and deviates towards the current direction at low
fieldsS® 1%, In ferromagnets, it is well established that the sample exhibits a low
resistance state at low H (at the coercivity). Therefore, to exclude the effect from
weak magnetism (caused by defects or uncompensated interface), we measured the
magnetic hysteresis loop (M-H) of the sample and show the data in Fig. S5a.
Concomitant dM/dH is calculated to characterize the coercivity of the remanent
magnetism. The SMR and dM/dH curves of Fe>O3/Cr.0s/Fe20s3/Pt at 300 K are
presented together in Fig. S5b. To compare the magnetic field corresponding to the
valley of SMR and the coercivity, an enlarged region between —-0.7 and 0.7 T is
illustrated in Fig. S5¢, where the ranges of the SMR valley and coercivity are marked
by the dotted lines (purple region) and solid lines (grey region), respectively.

Remarkably, the two regions are located at completely different magnetic fields,



indicating that they have no connection. Thus the valley in the SMR curves is not
caused by the defects-related magnetism, and any possible coupling between net

moment in Cr.03 and n in Fe-O3 are excluded.
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Fig. S5. Exclusion of the influence from defects-related magnetism. The M-H loop
and derivative of the M-H loop (a) and SMR (b) of the Fe,O3/Cr203/Fe203/Pt sample
at 300 K. An enlarged region between —0.7 and 0.7 T is illustrated in c, where the
ranges of the SMR valley and coercivity are marked by the dotted lines (purple region)

and solid lines (grey region), respectively.

Note 6. SMR in Cr203/Fe>O3/Pt at various magnetic fields and temperatures

Figure. S6 shows the angle dependence of SMR in Cr,03/Fe>O3/Pt under various
magnetic field and temperature. In the control samples, at all of the temperatures and
magnetic fields used here, the polarities of angle dependent SMR are always negative,
reflecting the stable antiferromagnetic feature of Fe»Os and the Neel vector is
perpendicular to the magnetic field (spin-flop state) because of the absence of
interlayer coupling effect. The magnetic field dependence of SMR (Fig. S6c) also
shows the characteristic of antiferromagnetic SMR. Note that the Cr.O3 grown on
Al;O3 substrate should possess Néel temperature within this temperature range®’.
Therefore, the net moment in Cr.O3 above the Neésl temperature cannot lead to
interlayer coupling. The angle and field dependence of SMR further supports the
existence of interlayer coupling in our Fe.O3/Cr20s/Fe>O3 antiferromagnetic junction.
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Fig. S6. SMR in Cr20s/Fe203/Pt at various magnetic fields and temperatures. a,
SMR under various magnetic fields xoH = 0.5 and 1 T. b, Angle dependence of SMR
at different temperatures with magnetic field woH = 0.5 T. c, Magnetic field
dependence of SMR at different temperatures. The curves are shifted vertically for

clarity.

Note 7. Angle dependence of SMR in Fe,O3/Pt and Cr203/Fe2O3/Pt

The angle dependence of SMR in Fe2Os/Pt and Cr20s/Fe.Os/Pt is shown in Fig.
S7. As the magnetic field increases to around 0.2 T, the SMR curve in Cr203/Fe;O3/Pt
exhibits negative polarity, namely, the low resistance state is obtained when n L I,
which is the characteristic of antiferromagnetic SMR-51° indicating the Nésl vector
in the top Fe2O3 tends to be aligned in spin-flop state (n L H) gradually. However, the
SMR curve in Fe2O3/Pt presents a negative polarity until the magnetic field reaches
0.35 T. The results indicate that the spin-flop field (marked with solid symbols) is

higher for the bottom Fe>O3 (~0.35 T) than that of the top Fe2O3 (~0.2 T).
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Fig. S7. Angle dependence of SMR. Angle dependence of SMR in Fe.O3(12)/Pt(4)
(a) and Cr203(4.4)/Fe203(4)/Pt(4)(units in nanometers) (b) for different magnetic

fields as marked at 300 K.

Note 8. SMR in Fe203(4)/Cr203(4.4)/Fe203(12)/Pt

The SMR in sandwich with inverted structure, Fe203(4)/Cr203(4.4)/Fe203(12), is
performed to detect the direction of Néel vector in thicker Fe2Os and shown in Fig. S8.
The resistance peaks appear after woH = 0 (approximately woH = 0.3 T),
demonstrating that the Néel vector in the 12 nm-thick Fe2O3z maintains spin-flop state
owing to the larger Zeeman energy rather than deviating towards H at low magnetic
field. It indicates that the top and bottom Fe-O3 in main text should be orthogonally
coupled. In addition, the spin-flop field of 12 nm-thick Fe,Os grown on Cr203 is

larger than that of 4 nm Fe.Oa.
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Fig. S8. SMR in Fe203(4)/Cr203(4.4)/Fe203(12)/Pt.

Note 9. XMLD spectra and corresponding antiferromagnetic structures

Fe L-edge x-ray magnetic linear dichroism (XMLD) was also conducted to further
explore the coupling effect in antiferromagnets (AFM). Fig. S9a—c shows the XMLD
spectra (left panel, also shown in Fig. 2f-h in the main text) and AFM Ne&l order

(right panel) for Fe,O3/Cr.03/Fe203, Fe203 and Cr.03/Fe20s, respectively. The orange
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arrows in right panel represent Né&l vectors along three easy-axes in the top Fe20s. A
high magnetic field was pre-applied along one of the axes (black arrow, x-axis), then
removed to perform XMLD, benefiting from the non-volatile characteristic of Fe,03®.

X-ray was vertically incident to the film and the polarized direction of the x-ray was

parallel to the film plane (Fig. S9d). The chamfered edge here is [1120], the
direction perpendicular to which is one of the easy-axes and is also the direction of
applied field. The XMLD spectra (black line) were taken from the differences of XAS
spectra (XAS.1— XASy) and then multiply by a factor of 5 at the absorption edges for
clarity. The XMLD spectrum in Fig. S9a shows a zero—positive—negative—zero feature,
indicating that the Néel vector is mainly along the parallel direction (n // x-axis),
represented by bold orange arrow (right panel in Fig. S9a), confirming the existences
of interlayer coupling. In Fe2O3 and Cr.0O3/Fe20Os, the XMLD spectra present zero—
negative—positive—zero feature, suggesting that the Néel vectors in Fe2Oz are mainly
aligned along the spin-flop direction (n // y-axis) without interlayer coupling (bold
orange arrows in Fig. S9b,c right panel). Considering the three-fold easy-axes of
Fe>0s3, the Nél vectors in the control samples should be aligned along the other two
easy-axes with the main components along the direction perpendicular to the

magnetic field rather than along it
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Fig. S9. XMLD spectra and experiment set-ups. a—c, Normalized XAS spectra,
XMLD results and corresponding schematic diagram of the magnetic structures in
Fe>03/Cr.03/Fe203 (a), Cr.03/Fe203 (b) and Fe;Os (c). The highlighted region
denotes Fe-L» edge and the vertical dotted lines are guide for eyes to mark the valley
and peak in XMLD curves. The orange arrows denote the Né&l vectors in the top
Fe>Os. d, Schematic illustration of XAS experiments. The x-ray was vertically
incident to the film with polarized direction (red and blue arrows) shown in the lower

panel.

The XMLD measurements with Fe203/Cr203/Fe20s rotation in the film plane were
performed to further determine the interlayer coupling and the direction of the Néel
vector in the top Fe2O3. The XMLD spectra at 09 30°and 60%are presented in Fig.
S10a-c, and the corresponding XAS polarization set-ups as well as Né&l order
structures are shown in Fig. S10d-f, respectively. When XAS; is parallel to the
magnetic field direction, the N&l vector along XASyis larger than that along XAS.
due to the interlayer coupling effect as discussed above and in the main text. When
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the sample is rotated by 309 the component of Né&l vector along XAS (red line in
Fig. S10e right panel) is slightly larger than that along XAS_ (blue line in Fig. S10e
right panel), resulting in a relatively weak XMLD signal in Fig. S10b. And the
polarity of XMLD is still the same as that at 02(Fig. S10a). However, when the
sample is rotated by 60< the polarity of XMLD reverse, namely, the component of
Néel vector along XASyis smaller than that along XAS 5152 as shown by red and
blue lines in Fig. S10f. Through the analysis above, the Néel vector of the top Fe2O3
is demonstrated to be mainly aligned parallel with the direction of applied magnetic

field (XAS)), confirming the existence of interlayer coupling in AFM.
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Fig. S10. XMLD spectra for different in-plane rotation angles. a—c, XAS and
XMLD spectra of Fe203/Cr203/Fe Oz for different various in-plane rotation angles, 02
(a) 302(b) and 60°(c). d—f, Schematic diagram of the experimental set-ups and
magnetic structures for different in-plane rotation angles, 02(d) 30°(e) and 60<(f).
The polarized directions are shown by red and blue arrows in (d—f). The orange

arrows represent the Nél vectors in the top Fe>Os. The red and blue lines denote the

component of Neél vectors along XAS;, and XAS_, respectively.
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Note 10. SMR in Fe2O3/Cr203/Fe203/Pt at various temperatures

The magnetic field dependence of SMR in Fe>O3/Cr,03/Fe203/Pt as a function of
temperature are shown in Fig. S11. As the temperature decreases, the second
resistance peak decays gradually and the location of first resistance peak shifts
towards H = 0. At very low temperatures, such as 100 K, the resistance peak appears
almost at zero-field. This feature is most likely due to the lower spin-flop field of

Fe>Os resulting from the decrease of the in-plane anisotropy.
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Fig. S11. Magnetic field dependence of SMR in Fe203/Cr203/Fe203/Pt at various

temperatures. The curves are shifted vertically for clarity.

Note 11. SMR signals of Fe203/Cr203/Fe203/Pt with magnetic field applied along

different directions

The measurement of SMR with magnetic field applied along different directions
are performed with results shown in Fig. S12. In the two cases, the SMR results have

very similar characteristics, especially the magnetic fields corresponding to the first
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resistance peak are almost the same. This observation discloses that the interlayer

coupling always exists, irrespective of the magnetic field direction.
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Fig. S12. SMR signals of Fe203/Cr203/Fe20s/Pt with magnetic field applied along
different directions. a, parallel with one of the easy-axes b, perpendicular to one of

the easy-axes.

Note 12. SMR in Fe203/Cr203/Fe203/Pt with different reading current

We have measured the field dependence of SMR with current of different signs
and magnitudes as shown in Figure. S13. The field dependence of SMR curves varied
little with current, indicating the interlayer coupling is an intrinsic property of the
structure. The results exclude thermal artifacts such as Seebeck effect or Nernst effect

or unidirectional SMR where AR is proportional to I.
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Fig. S13. Field dependence of SMR measured with different currents. The applied
current has no remarkable influence on the two resistance peak of SMR, indicating

interlayer coupling is an intrinsic effect instead of thermal artifacts.

Note 13. Thickness variation and interfacial roughness in Cr20s.

The interfacial roughness in Cr2Os3 layer is important in our theoretical model.
Therefore, the thickness variation and interfacial roughness are measured via atomic
force microscope, and the corresponding data are shown in Fig. S14. It can be seen
that the variation of CrOs thickness is at the order of several angstroms (Fig. S14a).
To further support the thickness variation, the roughness data along two diagonal lines
are shown in Fig. S14b and c. The thickness variation is large enough (the order of
several angstroms) for the co-existence of parallel- and antiparallel-preferred areas in

Fe,0s layersSt3, further supporting our theory model.
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Fig. S14 Thickness variation and interfacial roughness in Cr20s. a, atomic force

microscope data. b, c, the roughness data along two diagonal lines.

Note 14. Maximum coupling field as a function of Cr>03 thickness

To further investigate the coupling effect and the spin structure in Cr20s3, the
maximum coupling field (uoHmaxcoupiing) as a function of Cr.O3 thickness is plotted.
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The maximum coupling field is inversely proportional to the square of the Cr203
thickness t, (Fig. S15) which is consistent with our model based on the non-uniform
domain wall state (Eq. 3 in the main text). Such a consistency verifies the proposed

spin structure in Cr203 in the non-uniform domain wall model.
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Fig. S15 Maximum coupling field (uoHmaxcoupling) as a function of the square of

the Cr203 thickness t. The maximum coupling field is inversely proportional to the

square of t.

Note 15. Magnetic field dependence of SMR in Fe20Os3/Cr:03/Fe20s3/Pt with

various Cr203 thicknesses

The magnetic field dependence of SMR results with different thickness of Cr.0s
are shown in Fig.S16. Note that the summarized data in Fig. 4a,b in the main text are
the average values of these data and their counterparts with the opposite sweeping.
There are two most eminent features in this figure: (i) The location (uoHcoupiing in the
main text) of the first peak varies with temperatures, proving that the coupling effect
in AFM is temperature-dependent; (ii) the second resistance peak (MR signal in the
main text) at the negative magnetic field drops gradually and vanishes eventually with
decreasing temperatures. Moreover, the coupling effect still exists even at the

temperatures where the MR signal disappears.
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Fig. S16. Magnetic field dependence of SMR in Fe203/Cr20s3/Fe203/Pt with
various Cr20s3 thicknesses. a, 3.0 nm, b, 3.5 nm, ¢, 4.1 nm, and d, 4.4 nm. For
clarity, only the magnetic field sweeping along one direction (depicted by black arrow,
from positive to negative) is displayed. The dashed lines are guide for eyes. The

curves are shifted vertically for clarity.

Note 16. Absence of interlayer coupling with thicker Cr.Os spacer

As the thickness of Cr.O3 spacer increases to t = 6 nm, only one resistance peak
exists at negative magnetic field in Fig. S17a when sweeping H from positive to
negative, indicating the absence of the interlayer coupling. A similar behavior is also
observed when t = 12 nm (Fig. S17b). This feature can be explained as follows: in
thicker Cr.Os spacer, the magnetic structure maintains ground state rather than

entering the NUDW state. Thus no coupling exists.
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Fig. S17. Magnetic field dependence of SMR in the Fe203/Cr203(t)/ Fe203/Pt

samples at 300 K for comparatively thick spacer. t =6 nm (a) and t = 12 nm (b).

Note 17. Interlayer coupling in antiferromagnet with other spacer layer

Apart from the Cr203 spacer, we also used nickel oxide NiO as the spacer layer to
prepare Fe203(15)/NiO(5)/Fe203(15) (units in nanometers) junctions, which was
deposited by radio frequency sputtering. Identical SMR measurements were carried
out in the Fe203/NiO/Fe20s/Pt samples. There exist two resistance peaks in the SMR
curves (T = 250 K) in Fig. S18a, one at positive H and the other at negative H, similar
to the Fe203/Cr.03/Fe-O3/Pt case. This features as the interlayer coupling between the
two Fe2O3 layers. Also visible is the two peaks persistently exist when decreasing the
temperature to 125 K (Fig. S18b). It is then concluded that the interlayer coupling

effect is not restricted to a certain spaced material.

b T(K)
—— 250

fo1Q

ARgyr (M)
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Fig. S18. Magnetic field dependence of SMR in Fe203/NiO/Fe203/Pt. a, Magnetic
field dependence of SMR at T = 250 K. The arrows denote the sweeping direction of
magnetic field. b, Magnetic field dependence of SMR at different temperatures with

H sweeping from positive to negative.

In addition, the SMR measurements were carried out in Fe,Oz/Al03/Fe,O3/Pt
samples with a simple non-magnetic spacer (4 nm-thick Al.Oz). Corresponding data
are shown in Fig. S19. Only one resistance peak appears at H < 0 (H > 0) with H
sweeping from positive to negative (negative to positive), which is quite characteristic
for the negative SMR of the top antiferromagnetic Fe.O3 layer. And this feature is
similar to the SMR data of Fe-O3 (Fig. 2a) and Cr.03/Fe>O3 (Fig. 2b), reflecting the
absence of interlayer coupling between the Fe.Oz layers when the spacer is Al>Oa.
This observation also supports that the non-uniform domain wall state in Cr.O3 spacer

play a fundamental role on the interlayer coupling between Fe.Os3 layers.
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Fig. S19. Magnetic field dependence of SMR in Fe203/Al.0s/Fe203/Pt. The arrows
denote the sweeping direction of magnetic field. There exists only one resistance peak

at H <0 (H > 0) with H sweeping from positive to negative (negative to positive).

Note 18. Coupling enerqgy calculation
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The temperature dependence of the free energy under the perpendicular and the

parallel conditions, F(A,,T) and F(A ,T), can be obtained by solving (1)(2) with

A, and Ay, respectively. The coupling energy can be calculated by taking the free
energy difference under the two conditions

Ec=F(4,,T)-F(.T).
The calculated coupling energy (< 200 K) with parameters listed in Table S1 is
displayed in Fig. 4(f) in the main text, which semi-quantitatively agrees with the
experimental curves.

We finally explain the conversion relationship between the coupling energy E¢ and
the coupling field woHcouwpling. When Ec is higher than the Zeeman energy, the
antiferromagnetic junction would be driven from the spin-flop state (n L H for both
Fe>03) towards the perpendicular state. The Zeeman energy mainly arises from the
net magnetization induced by DMIS!. Taking the exchange field of 900 T, DMI
effective field of 2 T, 18 moments in each sublattice in the 4nm thickness, and 5
uslatom for Fe;035253%¢ E is estimated to be 0.01 meV (per unit cell) for the
coupling field 0.86 T.

We next compare this energy with Eq. (3) in the main text. Since the Néel
temperature of Fe,O3 (956 K)* is approximately three times of that of Cr.Os (307
K)S1°, we use Are= 3 Acy in the estimation. Considering L= t, t; = 18 a, where a is the
monolayer distance, and the exchange coefficient J = 8 meV for the Cr,03°°, Ac = Ja,
we get Ec ~ 0.049 meV (per unit cell), in the same order compared with the estimated
value from the experiment. The relatively smaller experimental value could be due to
the relaxation in the Fe2Osz in the out-of-plane direction, and the fact that the
interfacial Fe and Cr moments are not identically parallel or antiparallelS'’.

Table S1. parameters for coupling energy calculation
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t (nm) Ay (10%meV) A, (102meV) A (10“meV/K) b (10°meV)

3.0 2.50 1.50
8.33
3.5 1.98 1.19
1.67
4.1 3.44 2.82
14.17
4.4 2.99 2.45
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