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Strain

Uniaxial strain measurements were performed by mounting a device on a picma chip
actuator. The device was about 3.5um thick with pulse bars about Hum wide, and was
mounted on Stycast. All measurements were performed at 2K. From top to bottom in
Fig. S1, the switching was conducted on the device with: no voltage (strain) applied, 40V
applied at 2K, 40V applied during cooldown, and no voltage applied following the previous
measurements. No difference is seen when strain is applied solely at 2K, but a sign flip
is observed at about 50kA/cm? when the device is cooled with 40V applied to the piezo,
highlighted in blue. The amplitude of the switching is also slightly suppressed for that

preparation.
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FIG. S1. Local switching as a function of pulse current density measured for a device with and

without applied strain.

Non-local measurements in Fej33INbSo

Non-local measurements were performed on a sample of Fey33NbS,. While a weak re-

versible switching signal is observed in the local channel, the nonlocal channel sees jumps



Un (a) Local R,, | | | | | | 1
SO O oy
-1k -
P 0‘.8 o‘.9 1 1‘.1 1‘.2 1‘.3 1‘.4 15
=2 I T T T T T T

QU

J (b) Nonlocal R,
o ey T A A
2 0‘.8 o‘.g 4 1‘ 1 1‘ 2 1‘.3 1‘.4 15

Pulse Current Density (10° A/lcm?)

FIG. S2. (a) Local switching measurement as a function of pulse current density observed with a
device of Fep3sNbS,. (b) Non-local longitudinal resistivity changes observed in the same device

during the same switching events.

that do not move back and forth between stable resistance states.

PXRD

High-resolution synchrotron powder x-ray diffraction measurements were taken on sam-
ples of Feg31NbSy and Feg35NbS, at room and low temperature, as shown in Figs. S3, S4,
S5, and S6. Rietveld refinements were performed to determine the lattice paramters in each

of these cases.

Full temperature dependence

Current density dependence was measured every 5K between 5 and 40K for local and

non-local contacts. These pulse trains are shown in Figs.S7, S8, and S9.

Switching with lead detachment

Measurements were performed wherein the AC probe current was turned off and its leads
were detached during the switch events. The leads were reattached and the probe current
turned back on in order to measure the resistance between switching events. This is shown
in Figs. S10 and S11. The non-local switching behavior persists, and its character does not

change from that seen when the AC probe current is always on.
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FIG. S3. Rietveld refinement of high-resolution synchrotron powder XRD measurements on
Feg.31NbSy at 300K . Calculated lattice parameters are a = 5.662078 + /- 0.000137 A, c = 11.964578
+/- 0.000302 A. The cross markers are data with the fit shown by the green curve, and the differ-

ence between the fit and data is shown in cyan. Vertical lines denote structural peak positions.
Probe current frequency dependence

The non-local switching behavior has no discernible dependence on the frequency of the

AC probe current. See Fig. S12.

Schematic

A schematic view of the proposed mechanism for resistance switching is shown in Fig.S13.
Following a horizontal current pulse in a stripe-dominated sample, the domain with princi-

pal axis parallel to the current pulse is disfavored, resulting in a combination of the other
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FIG. S4. Rietveld refinement of high-resolution synchrotron powder XRD measurements on
Fep31NbSy at 5K. Calculated lattice parameters are a= 5.654858 + /- 0.000182 A, c=11.935061
+/- 0.000401 A. The cross markers are data with the fit shown by the green curve, and the differ-

ence between the fit and data is shown in cyan. Vertical lines denote structural peak positions.

two domain orientations, while the domain with principal axis perpendicular to the pulse
is favored following a vertical current pulse. In a zigzag-dominated sample as well, current
pulses favor domains whose principal axes are not parallel to the pulse. The domain config-
urations in panels (c¢) and (e) have opposite conductivity anisotropies, as do those in panels
(d) and (f) [1], so that (g) when stripe and zig-zag orders coexist, there will be competing
switching responses, as shown schematically in (h). Note the similarity between the black
curve in (h) and the observed signal in Fig. 4, with a small intitial response with an opposite

sign flip to the main response, and a decreasing response after an initial peak.
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FIG. S5. Rietveld refinement of high-resolution synchrotron powder XRD measurements on
Feg.35NbSy at 300K . Calculated lattice parameters are a=5.660797 +/- 0.000115 A, ¢ = 11.994610
+/-0.000260 A. The cross markers are data with the fit shown by the green curve, and the differ-

ence between the fit and data is shown in cyan. Vertical lines denote structural peak positions.

More devices

There is some variation in switching response between devices, as their dimensions, exact
concentrations, geometries, and mounting conditions vary slightly. See Figs. S14 and S15

for examples.
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FIG. S6. Rietveld refinement of high-resolution synchrotron powder XRD measurements on
Fep.35NbSy at 10K. Calculated lattice parameters are a=5.654070 + /- 0.000153 A, c = 11.968898
+/-0.000296 A. The cross markers are data with the fit shown by the green curve, and the differ-

ence between the fit and data is shown in cyan. Vertical lines denote structural peak positions.
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FIG. S7. Local switching measurement as a function of pulse current density, shown at tempera-

tures from 5K to 40K.
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FIG. S8. non-local (20um from the center of the device) switching measurement as a function of

pulse current density, shown at temperatures from 5K to 40K.
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FIG. S9. non-local (27um from the center of the device) switching measurement as a function of

pulse current density, shown at temperatures from 5K to 40K.

10



Fe 35NbSZ NLFIB12.1

x107° 24.7um, 2K, 10ms
pit | o) (]
175 o e MV Wiy |
1.7 - -
< 1.65 4
(@]
=
« 1.6 i
1.55 1 -
1.5 -
o] en 4] e |
1.26 1.28 1.3 1.32 1.34 1.36 1.38
Pulse Current Density (A/cm?) x10°

FIG. S10. Switching measured 25um from the center of a device at a current density that results
in switching (left) and that does not result in switching (right), with the AC probe current turned
off and its leads detatched during the switching events themselves. Vertical lines indicate switching

events, and readouts from the lockins while the leads were detached have been omitted.
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FIG. S11. Switching measured 35um from the center of a device at two different current densities
that result in switching (left and right), with the AC probe current turned off and its leads detatched
during the switching events themselves. Vertical lines indicate switching events, and readouts from

the lockins while the leads were detached have been omitted.
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FIG. S12. Switching measured 35um from the center of a device at a current density that result
in switching, with AC probe frequencies ranging from 133Hz to 1666 Hz. The noise changes from

measurement to measurement, but the switching behavior notably does not.
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FIG. S13. (a) Transverse resistance switching response in Fe,NbSy with < 1/3. Data were taken
at 2K, with pulse current amplitudes of approximately 15 x 10*A/cm?, in the regime where switch-
ing has moved beyond the initial anomalous region as seen around 8.5 x 10*A/cm? in Fig.??A. In
both cases, the first pulse and then every other subsequent pulse was normal to a crystal facet. (b)
Transverse resistance switching response in Fe,NbSy with z > 1/3. With identical device geome-
tries, a pulse which brought = < 1/3 to a low resistance state brings = > 1/3 to a high resistance
state, and vice versa. (c-f) Illustration of stripe and zigzag domains. Circles are iron atoms in one
plane. Lines drawn between iron atoms indicate their spins are aligned. (¢) Domain configuration
preferred following a horizontal pulse in a stripe-dominated sample. (d) Domain configuration
preferred following a vertical pulse in a stripe-dominated sample. (e) Domain configuration pre-
ferred following horizontal pulse in a zigzag-dominated sample. (f) Domain ocnfiguration preferred
following vertical pulse in a zigzag-dominated sample. (h) Proposed combination of zigzag and
stripe responses in zigzag-dominated sample. Note the similarity between the black curve and the
observed signal in Fig. 4, with a small intitial response with an opposite sign flip to the main

response, and a decreasing response after an initial peak.
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FIG. S14. Switching response in a device with a different current density dependence than those

shown in the main text. (a) Local response is nonmonotonic, showing a change in sign as a function

of pulse current density. (b) 24um from the center of the device, the non-local response is small

but shows a change in sign as well.

The first switching responses have an opposite sign to the

first local switching responses. (c) 35um from the center of the device, the non-local response is

comparable to the maximum local response. Compared to the initial onset of switching in the local

portion of the device, the response seen here is larger and has an opposite sign.
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FIG. S15. Switching response in a device with a different current density dependence than those
shown in the main text. (a) Local response is nonmonotonic, showing two peaks followed by the
decreasing amplitude characteristic of most devices. The presence of two peaks is suggestive of
inhomogeneous iron content or a twist in the stack of layers. (b) 24um from the center of the
device, the non-local response is small but has a sign opposite that of the local response. (c)
35um from the center of the device, a non-local response is not observed, presumably because the

measurement did not extend to high enough current densities.
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