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Absence of spin transport in amorphous YIG evidenced by nonlocal spin transport experiments
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It remains highly controversial whether long-distance spin transport or only Joule heating without spin
transport exists in the disordered magnetic amorphous Y3;FesO,; (a-YIG). Here, we carefully check and analyze
the origin of the observed electrical signals in the Py/a-YIG/Pt-based nonlocal spin-transport experiments with
both horizontal and vertical geometries, based on the ferromagnetic resonance (FMR)-induced spin pumping
and inverse spin Hall effect. In all lateral nonlocal devices with a distance from 2.0 um to 200 nm and vertical
structures with a >40-nm-thick a-YIG spacer layer, the spin-current-induced direct voltage peak signal is absent
under FMR conditions, indicating that a-YIG does not possess long-distance spin transport. Furthermore, we
demonstrate that a weak spin-torque FMR voltage signal, which gradually reduces to zero with increasing a-YIG
thickness in the vertical geometry, is attributed to the leaked spin rectification voltage generated in the Py layer
due to the electric leakage between the top Pt layer and the bottom Py layer through the pinhole defects in the
thin middle a-YIG layer. Additionally, we find an improvement of the interfacial spin-mixing conductance due
to spin accumulation in the interface of a-YIG/Py, which can significantly enhance spin-orbit torque efficiency

in the ferromagnet/heavy metal systems with a disordered magnetic a-YIG buffer layer.

DOI: 10.1103/PhysRevB.104.144415

I. INTRODUCTION

Yttrium iron garnets (YIGs) have been intensively studied
due to their unique properties, such as ultralow magnetic
damping and insulating nature [1-3]. The ultralow magnetic
damping can achieve a high-efficiency ferromagnetic (FM)
resonance (FMR)-driven spin-pumping effect because the
FMR cone angle is inversely proportional to the damping
constant [4]. Compared with FM metals, YIGs are elec-
trically insulating ferrimagnetic materials. Therefore, in the
most studied nonmagnetic (NM) heavy metal/YIG bilayers,
the detected electrical signals come exclusively from spin-
related transport phenomena in the NM layer, making it
more straightforward to extract spin-related parameters from
various electrical detections with high sensitivity and easy
accessibility [5]. Additionally, comparing with the conducting
electrons in metals and semiconductors, YIGs can deliver
spin current more efficiently via spin waves and avoid serious
Joule heating issues facing the complementary metal-oxide
semiconductor (CMOS) [6]. Therefore, YIG-based magnon
devices using spin waves to process information have attracted
much attention as promising candidates with low energy con-
sumption and high throughput computation.

A nonlocal spin Seebeck experiment recently demonstrated
that thermally excited magnons could travel >120 um with
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as high as 73 um spin diffusion length in YIG film at 7 =
23 K [7]. Then long-distance transport of coherent magnons
in YIG film was also proved using the electrical excitation
and detection based on the spin Hall effect (SHE) and its
inverse process (ISHE) in the adjacent Pt layer [8]. The
magnon spin-diffusion length A is as long as 9.4 um in
200-nm-thick YIG at room temperature. Long-distance trans-
port of all these magnons carrying spin current is realized
in crystalline or epitaxial ferrimagnetic YIGs. However, the
crystalline YIG also exhibits some disadvantages for its ap-
plication in magnonic devices, such as a magnon spectrum
gap and the highly anisotropic nature of magnon transport
[9,10]. Very recently, Wesenberg et al. [9] claimed that long-
distance spin transport (A ~ 100 um) was also observed in
the disordered magnetic amorphous YIG film based on their
nonlocal spin Seebeck experiments and further argued that
highly efficient spin transport in this disordered magnetic
system was related to the strong local exchange interac-
tion. Subsequently, Gomez-Perez et al. [11] argued that the
temperature-dependent voltage signal measured by the non-
local spin Seebeck method was attributed to the drop of the
a-YIG resistivity caused by Joule heating rather than spin
transport.

To solve the controversy of long-distance spin transport
in amorphous YIG, here, we carefully perform nonlocal
FMR-induced spin-pumping ISHE experiments using both
horizontal and vertical geometries to investigate spin transport
in amorphous YIG. In all horizontal nonlocal devices with
a distance from 2.0 um to 200 nm and vertical structures
with a >40-nm-thick a-YIG spacer layer, we do not observe
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FIG. 1. (a) X-ray diffraction (XRD) patterns of the YIG target,
40-nm-thick as-grown and annealed YIG film. (b) Atomic force
microscopy (AFM) image of 20-nm-thick as-grown YIG film. (c)
The selected area electron diffraction (SAED) pattern of as-grown
YIG film obtained using transmission electron microscopy (TEM),
suggesting amorphous phase. (d) M-H curves of the 40 nm as-grown
and annealed YIG films obtained at room temperature.

any nonlocal spin-pumping-ISHE-induced direct current (dc)
voltage peak signal under the Py FMR condition, indicat-
ing that long-distance spin transport is absent in disordered
magnetic a-YIG. However, we demonstrate a considerable
spin accumulation in the interface of a-YIG/Py due to the
improvement of the interfacial spin-mixing conductance by
comparing the spin-torque (ST)-FMR results of a-YIG/Py/Pt
with that of Py /Pt samples.

II. RESULTS AND DISCUSSION

A. Experimental detail and the characteristics of a-YIG film

The Pt, permalloy (Py), and amorphous YIG layers
were deposited at room temperature under 3.7 mTorr Ar
using dc and radiofrequency (RF) magnetron sputtering, re-
spectively, with <3 x 1078 Torr base pressure, as previous
reported [12,13]. No postannealing was performed for the as-
grown multilayer-based devices to avoid as-grown amorphous
YIG recrystallization. X-ray diffraction (XRD), atomic force
microscopy (AFM), and transmission electron microscopy
(TEM) were used to characterize the crystal structure and
surface morphology of a-YIG films. The magnetic properties
of films were characterized by the vibrating sample magne-
tometer (VSM). To fabricate the devices used in nonlocal
spin-pumping ISHE and ST-FMR measurements, we pat-
terned the films into 4 x 17 and 5 x 17 um? rectangular
shapes by combining photolithography, electron beam lithog-
raphy, and ion milling.

We first characterized the crystal structures of the YIG
target and the as-grown and annealed YIG films by using
XRD. Our YIG sputtering target shows a pure polycrystalline
YIG phase [12,14], as shown in Fig. 1(a). The XRD spec-
trum of 40-nm-thick as-grown YIG film on Si substrate only
shows the (002) peak of the substrate Si at 20 ~ 33 °. After
40 nm as-grown YIG film was annealed at 900 °C for 1 h
[12], the diffraction peaks corresponding to YIG appeared,
suggesting the as-grown amorphous YIG film was recrystal-
lized and became polycrystalline phase after high-temperature
annealing, consistent with our previous study [12]. The AFM
image of the 20-nm-thick as-grown YIG shows that its surface
roughness is only ~0.5 nm [15], suggesting the high quality
of the film [Fig. 1(b)]. In addition, we further characterized
the as-grown YIG structure and its magnetic properties by
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FIG. 2. (a) The schematic of the lateral nonlocal spin-pumping
inverse spin Hall effect (ISHE) experiment setup and scanning
electron microscopy (SEM) image of the device. A radiofrequency
current (Ilgp) is applied in the Py(8) strip, and the in-plane external
magnetic field H forms an angle of & = 30° with the direction of
Irr. A lock-in amplifier is connected to the Pt(5) strip to detect
the spin-current-induced direct current (dc) voltage due to its ISHE.
(b) The representative field-dependent nonlocal voltage V. spectra
detected by the Pt strip, performed at four different exciting fre-
quencies f = 3,4, 5, and 6 GHz, does not show any distinguishable
peak under Py ferromagnetic resonance (FMR) conditions. The inset
shows the clear antisymmetric spin-torque (ST) FMR voltage signal
detected by the Py strip.

TEM and VSM, respectively. The TEM was performed using
the Tecnai F20 electron microscope (FEI Co, USA), and the
related selected area electron diffraction (SAED) pattern is
shown in Fig. 1(c). A clear halo pattern of the as-grown
YIG is observed, which is the typical diffraction pattern for
amorphous materials [16]. Furthermore, the measured M-H
curve of the as-grown YIG film at room temperature shows a
paramagnetic behavior without hysteresis, shown in Fig. 1(d),
consistent with the amorphous YIG film reported in the previ-
ous work [11]. Therefore, the obtained as-grown YIG film is
an amorphous structure, also named as a-YIG below.

B. Lateral nonlocal spin-pumping ISHE results

Spin transport in 20-nm-thick as-grown a-YIG films was
first investigated by the nonlocal spin-pumping ISHE method
with the horizontal geometry at room temperature, as shown
in Fig. 2(a) [8,17]. The test devices were constructed of Py
and Pt strips with a rectangular shape of 4 x 17 um? pattern
on a 20-nm-thick a-YIG film. The Py and Pt strips were
separated with a distance ranging from 2 pm to 200 nm.
The thicknesses of the Py and Pt strips were 8 and 5 nm,
respectively. The Py strip is the injector of spin currents due
to the spin-pumping effect under FMR conditions, and the Pt
strip acts as the spin detector because it has an ISHE. A RF
current Irp was applied into the Py strip, which can effectively
excite FMR when its magnetization is perpendicular to the RF
current-induced Oersted field igp direction (parallel to the Ixp
direction). However, the spin-pumping ISHE signal is maxi-
mum as Py magnetization is oriented perpendicular to the Irp
direction. Therefore, we performed nonlocal spin-pumping
ISHE and ST-FMR measurements described below at a rep-
resentative angle 6 = 30° between the applied magnetic field
and the RF current direction by trading off a reduction in
the oscillating angle FMR for the sizable dc voltage signal
generated from the spin-pumping ISHE. If the FMR of the
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Py layer is excited by Irp, the precession of the magnetiza-
tion will inject a pure spin current into the adjacent a-YIG
layer from the Py layer [18,19]. A phase-sensitive lock-in
amplifier detects the nonlocal dc voltage signal via ISHE if
the considerable pumping spin currents can transport through
the a-YIG layer into a 5-nm-thick Pt layer [20,21]. However,
Fig. 2(b) shows that no voltage peak signal is observed for
the horizontal geometry devices with the gap from 2.0 um
to 200 nm when the magnetic field scans from 0 to 1000
Oe at several exciting frequencies f = 3-6 GHz, indicating
that the previously reported long-distance spin transport in
the disordered magnetic a-YIG film is not observed in our
lateral nonlocal devices. To exclude the possibility that the
lack of spin-current injection causes no observed dc voltage
signal at the a-YIG/Py interface due to possible improper
spin-pumping experiments, we also directly detected the local
ST-FMR signal of the Py strip of the same lateral nonlocal
device. The observed antisymmetric ST-FMR voltage signal
in a-YIG/Py strip demonstrates that the FMR of the Py layer
can be effectively excited in our test devices, shown in the
inset of Fig. 2(b), indicating there are spin currents injected
into a-YIG by the spin-pumping effect.

C. Vertical nonlocal spin-pumping ISHE results

To further detect possible short-distance spin transport in
a-YIG film, we adopted the vertical stack structure Py(8)/a-
YIG(#)/Pt(5) (5 nm < ¢ < 40 nm) for nonlocal spin transport
test devices [22,23]. Figure 3(a) shows the vertical nonlocal
spin-pumping ISHE experiment setup, where only the top Pt
layer is electrically connected with a signal generator and a
lock-in amplifier. The RF current Igg passing through the Pt
layer generates an oscillating spin current Js via SHE and an
alternating Oersted field Hpe, which can drive the magneti-
zation oscillation of the Py layer around the applied static
magnetic field H. Then the magnetization precession of the
Py layer causes an oscillating resistance due to its anisotropic
magnetoresistance (AMR) effect [13,24]. As a result, the os-
cillating resistance and the induced alternating current Igp in
the Py layer produces a dc voltage Vi« across the Py strip.
This procedure is also called the rectification effect [24,25].
Additionally, the magnetization precession of the Py layer also
pumps a spin current into the adjacent a-YIG layer due to the
so-called spin-pumping effect [26-28]. The in-plane external
magnetic field H is applied to form an angle of 30 ° with the
RF current Ixg direction, like the horizontal nonlocal structure
above, simultaneously ensuring that the FMR of the Py layer
can be effectively excited and the spin-pumping signal is
detectable via ISHE of Pt.

In principle, the symmetrical dc voltage signal Vi is de-
tectable on both sides of the Pt strip in this vertical nonlocal
device if the a-YIG layer is an ideal insulator without pinhole
defects and has long-distance spin transport. The reason is
that antisymmetrical dc voltage raised from the AMR-induced
rectification in the Py layer is isolated electrically from the top
Pt layer by the electrical insulator a-YIG layer. Note that the
rectification voltage contributed from spin Hall magnetoresis-
tance and anomalous Hall effect is expected to be negligible
in the Py/a-YIG/Pt devices due to the paramagnetic property
of a-YIG [29,30].
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FIG. 3. (a) Schematic of the nonlocal spin-transport experi-
mental setup in the vertical stack structure Py(8)/a-YIG(t)/Pt(5),
analogous to ST-FMR of bilayer Py/Pt, where a radiofrequency
current Igr is along the longitudinal direction of sample, with an
in-plane external magnetic field H forming 6 = 30° angle. (b) Field-
dependent direct current (dc) voltage Vinix spectra obtained at f =
4 GHz for the Py(8)/a-YIG(¢)/Pt(5) samples with labeled thickness
t. (c) Symbols: AH vs f experimental data for the samples. The solid
lines are the linear fitting curves. (d) Dependence of the effective
demagnetization field 47 M. and the magnetic damping « on the
thickness ¢ of the space layer a-YIG.

We measured the field-dependent dc voltage signal Vpix
of the Py(8)/a-YIG(¢)/Pt(5) device by varying the excita-
tion frequency f from 3 to 11 GHz. Figure 3(b) shows the
representative Vpix spectra of the vertical nonlocal devices
with different thicknesses of a-YIG at f = 4 GHz. The field-
dependent Vp,ix curve of the vertical structure Py(8)/Pt(5)
without the spacer layer a-YIG shows a typical ST-FMR spec-
trum, which can be well fitted by the Lorentzian function as
follows:

AH? AH (uoH—poH,)

Vs 5 +Va 5 )

(noH—poH, )" +AH? (oH — poH,) +AH(21)
where the parameters of Vs, Vi, AH, and uoH, are the
magnitude of the symmetric component, the antisymmetric
component, the linewidth, and the FMR field, respectively
[31,32]. These parameters can be extracted by fitting the
experimental data using Eq. (1). For the samples with the
insulating a- YIG spacer layer, we observe a gradual reduction
in the amplitude of the total signal Vinix and the symmetric
component Vs with increasing the thickness of a-YIG, espe-
cially for t < 20 nm. When ¢ > 40 nm, no detectable voltage
peak signal Vj,ix can be observed within the noise background
level of <0.01 wV. The observed Vi« signals for the samples
with # < 30 nm a-YIG are more likely to come from the spin
rectification voltage in the bottom layer Py due to the electric
leakage between the top layer Pt and Py through the pinhole
defects in the thin middle insulating a-YIG layer [33]. Many

Vmix =
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previous reports have proven that a single Py layer can
generate a considerable ST-FMR voltage signal due to the
spin-rectification effect [34,35]. As expected, the pinhole
defects will decrease with increasing the thickness of the
deposited a-YIG layer and are covered completely when the
insulating a-YIG layer is >40 nm in this paper. Additionally,
the resistance of Py/a-YIG/Pt devices between the top Au
electrodes significantly increases from ~132 to ~178 Q with
increasing the a-YIG spacer layer thickness ¢ from 0 to 40 nm.
While ¢ > 40 nm, the resistance of the devices keeps almost
constant (~178 €2) and is close to that of the 5 nm single Pt
layer, confirming that the thick a-YIG (¢t > 40) inserting layer
without pinhole defects causes electrical isolation between Py
and Pt layers. Therefore, the absent voltage peak signal in
the 40-nm-thick a-YIG sample indicates that the rectification
voltage generated in the Py layer and the spin currents due
to spin pumping in the bottom layer Py are both blocked en-
tirely by the spin and electrical insulating disordered magnetic
a-YIG.

The effective spin-mixing conductance geff can also be
used to characterize the efficiency of spin transport or spin
pumping in the NM/FM systems [27,36]. Here, geff is related
to the enhancement in the effective magnetic damping « as
follows [26,37]:

4]TMsdp
glfif —y(OlHM/Py — apy), 2)
8B

where My is the saturation magnetization of the Py layer,
dpy is the thickness of the Py layer, g is the electron g
factor, and up is the Bohr magneton. Figure 3(c) shows
the dependence of excitation frequency f on the extracted
linewidth AH for Py(8)/a-YIG(t)/Pt(5) with different thick-
nesses f. The frequency-dependent linewidth allows us to
obtain the magnetic damping « by a linear fitting using

H = 2n/y)af + AHy, where AH) is the inhomogeneous
line broadening. In addition, the effective demagnetization
field 4w Mg is also determined from the Kittel formula: f =
(y o/ 2m)[H,(H, + 4w Mg;)]'/?, where y /27 is the gyromag-
netic ratio. All samples with or without the inserting a-YIG
spacer layer show a near-constant 47 Mg ~ 8.1kOe within
the experimental accuracy [Fig. 3(d)], confirming that the
as-grown a-YIG film exhibits the paramagnetic behavior [11].
However, the magnetic damping « dramatically decreases to
a value of 6.5 x 1073, close to that of a single 8-nm-thick
Py film, from 14.5 x 107 in the bilayer Py(8)/Pt(5) when
just inserting the 5-nm-thick a-YIG spacer between Py and
Pt layers [Figs. 3(c) and 3(d)]. Based on the above Eq. (2), the
effective spin-mixing conductance g drops dramatically to
near zero from 2.25 x 10! m™2 by only inserting the 5-nm-
thick a-YIG spacer, which indicates that the spin-pumping
efficiency is suppressed by the presence of a thin a-YIG
spacer, like the inserting layer MgO [38], and further confirms
the above argument, absent long-distance spin transport in
the as-grown a-YIG layer, obtained by the nonlocal spin-
pumping ISHE measurements. Additionally, our results are
consistent with the nonlocal spin Seebeck transport study
performed by Gomez-Perez et al. [11]. The early reported
temperature-dependent long-distance transport nonlocal volt-
age signal could correspond to the dramatic drop of a-YIG
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FIG. 4. (a) The magnetic field dependence of Vi for a-
YIG(20)/Py(8)/Pt(8) measured at the excitation frequency from 3 to
11 GHz. (b) The representative experimental data and fitting curves
of field-dependent V,,;, at the frequency f =4 GHz. Fs(H) and
FA(H) correspond to the symmetric and antisymmetric Lorentzian
functions of Vi, respectively. Dependences of excitation frequency
f on (c) resonant field H, and (d) linewidth AH. The solid curves are
the fitting results.

resistivity induced by the local Joule heating effect rather
than the intrinsic spin or magnon transport [9]. Subsequent
theoretical studies also find that the spin-transmission proba-
bility and spin conductance both decay exponentially with the
localization length in this disordered magnetic system due to
the Anderson localization, suggesting that long-distance spin
transport is hard to be realized in disordered magnets [39].

D. Spin accumulation in the interface of a-YIG /Py

To further investigate the interfacial spin character-
istics of a-YIG/Py, the controlled experiments between
a-YIG(20)/Py(8)/Pt(8) and Py(8)/Pt(8) samples were per-
formed at room temperature via the ST-FMR technique.
Figure 4(a) shows the magnetic-field-dependent ST-FMR Vpix
spectra of a-YIG(20)/Py(8)/Pt(8) with different exciting fre-
quency f = 3-11GHz. The representative V,;x obtained at
f =4GHz and its Lorentzian function fitting curves are
represented in Fig. 4(b). We can extract the symmetric com-
ponent Vs and antisymmetric component V, from the obtained
Vmix spectra by fitting the experimental data with Eq. (1).
Based on the symmetry analysis of spin-orbit torques (SOTs),
Vs is proportional to the dampinglike torque 7pr, while Vy
is attributed to both fieldlike and current-induced Oersted
field torques tgL+0e- Like the studied Py/a-YIG(t) /Pt samples
above, one can easily see that a-YIG(20)/Py(8)/Pt(8) and
Py(8)/Pt(8) samples have the same value of 4w M. (~8.7
kOe) because their f vs H, dispersion curves merge into
a single curve, as shown in Fig. 4(c). However, the field-
dependent linewidth AH results [Fig. 4(d)] show that the
a-YIG/Py/Pt has a larger magnetic damping o ~ 0.0176
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FIG. 5. (a) Normalized experimental data and fitting

curves of ST-FMR V. spectra for Py/Pt and a-YIG/Py/Pt
samples at frequency f =4 GHz. The lines are the Lorentzian
function fitting curves. (b) Dependence of the linewidth
SAH[S§AH = AH—AH(0)] on the direct current (dc) Ipc for
Py /Pt and a-YIG/Py/Pt samples at f = 4 GHz and 6y = 30°.

than 0.0146 in the Py/Pt sample with a 20.5% increase,
which could be caused by the enhancement of the spin-mixing
conductance gZé due to spin accumulation in the a-YIG/Py
interface [12,36,40]. However, previous studies indicated that
the interface-dependent extrinsic damping of the FM layer,
e.g., two-magnon scattering-related damping and spin mem-
ory loss existent in the interface of the FM layer [37,41,42],
could cause deviation in the determination of glfit

To further confirm the observed spin accumulation in the
interface of a-YIG/Py, we carefully performed and analyzed
current-induced SOTs for Py/Pt and a-YIG/Py/Pt samples.
Based on the extracted antisymmetric component V and
symmetric component Vg of ST-FMR Vi« spectra, we can
quantitatively estimate current-induced dampinglike torque
by using the self-calibration technique [22]. Many previous
reports have proved that V, is dominated by Oersted field Ho,
in the studied Py/Pt system [22,31]. Thus, the effective SOT
efficiency sy can be estimated by the lineshape analysis as
follows:
Vs euoMstydg

Osu = —

Ve - [1+ (4w Megr /H,)]'?, 3)

where ty and dr are the thickness of the Pt and Py layers,
Mg the saturation magnetization of samples, o the vacuum
permeability, and 4 reduced Planck’s constant. The M of the
Py/Pt and a-YIG/Py/Pt samples almost have the same value
(~670 emu/cm?3), measured individually by VSM. Figure 5(a)
shows the representative normalized experimental data and
fitting curves of Vy,ix spectra at f = 4 GHz for the Py /Pt and
a-YIG/Py/Pt samples. The Py/Pt has a SOT efficiency vsy
of 0.065, calculated from the lineshape analysis using Eq. (3),
very close to the previous reports [22]. The a-YIG/Py/Pt
has a more efficient SOT value of 0.084, consistent with the
damping enhancement above.

Considering the fieldlike torque and spin-pumping effect
induced the deviation of the estimated SOT efficiency, we also
can calculate 9sy accurately from the dc modulated linewidth
of ST-FMR V,,,ix spectra [31,43,44]. Figure 5(b) shows the dc-
dependent linewidth SAH[SAH = AH-AH(0)] for Py/Pt
and a-YIG/Py/Pt samples at f = 4 GHz. One can easily see
that the slope of §AH/8Ipc of the a-YIG/Py/Pt is larger

than that of the Py/Pt sample, suggesting that the former has
a larger SOT efficiency, consistent with the analysis of the
lineshape above. Based on the linewidth analysis, the SOT
efficiency sy can be expressed by the following formula:

3AH /8Ipc Rpy + Rp
Osy = A 4
SH 2 f sind h pr C» ( )
Y (Hext+27Mesr )uoMsdr  2e

where Rpy and Rp; are the resistances of the Py and Pt
layers, respectively, and Ac is the cross-sectional area of
the Pt layer [13,43,45]. The resistances of Py and Pt films
were separately measured by the standard four-probe method.
Therefore, the calculated SOT efficiencies are 0.06 £+ 0.01
and 0.09 £ 0.02 for the Py/Pt and a-YIG/Py/Pt sam-
ples from the dc-dependent linewidth data using Eq. (4),
approximately consistent with the values estimated by the
lineshape analysis above. The results indicate that the a-
YIG/Py/Pt sample significantly enhances the SOT efficiency
compared with the Py/Pt, consistent with the interfacial
spin-mixing conductance discussed above. One may consider
that the oxidization of the Py layer exists at the a-YIG/Py
interface, causing the enhancement of SOT efficiency for
the a-YIG/Py/Pt sample [46,47]. However, the oxidization
should be very weak because the extracted effective de-
magnetization field 47 Mg from ST-FMR and the saturation
magnetization Ms measured by VSM between a-YIG/Py /Pt
and Si/SiO, (substrate)/Py/Pt do not change within the ex-
perimental error.

III. CONCLUSIONS

In summary, spin transport in the as-grown disordered
magnetic amorphous YIG film has been systematically in-
vestigated by the nonlocal spin-pumping ISHE experiments
with horizontal and vertical geometries at room temperature.
In the horizontal nonlocal devices with a gap from 2.0 um
to 200 nm, the nonlocal spin-pumping ISHE voltage signal is
not detected within a 10 nV noise level. The small ST-FMR
voltage signal is observed in the vertical geometry with a thin
a-YIG spacer (¢ < 30 nm) and gradually reduces to near zero
with the a-YIG thickness increasing to 40 nm. We interpret
that the small voltage signal is caused by spin-rectification
voltage in the bottom layer Py due to the electric leakage
between the Pt and Py layers through the pinhole defects in
the thin a-YIG middle layer. All nonlocal spin-pumping ISHE
experiments confirm that the as-grown amorphous YIG does
not possess long-distance spin transport. However, a consider-
able spin accumulation in the interface of a-YIG/Py is verified
by the analysis of interfacial spin-mixing conductance and
current-induced SOTs in the controlled experiments between
a-YIG/Py/Pt and Py/Pt devices. The interface spin accumu-
lation can be used as an efficient approach to improve SOT
efficiency in the ferromagnet/heavy metal systems by adding
disordered magnetic a-YIG as the buffer layer.
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