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Abstract
Magnetic topological materials are promising for realizing novel quantum physical phenomena. Among
these, bulk Mn-rich MnSb2Te4 is ferromagnetic due to MnSb antisites and has relatively high Curie
temperatures (TC), which is attractive for technological applications. We have previously reported the
growth of materials with the formula (Sb2Te3)1−x(MnSb2Te4)x. Here we report their magnetic and
transport properties. We show that the samples are divided into three groups based on the percent
septuple layers (SLs) within the crystals and their corresponding TC values. Samples that contain less
than 70% or more than 90% SLs have a single TC value of 15-20K and 30-40K, respectively, while samples
with between 70–80% SLs exhibit two TC values, one at ~ 30-40K and the second (TC2) reaching values
above 80K, almost twice as high as any reported value to date for these type of materials. Structural
analysis shows that samples with 70–80% SLs have large regions of only SLs, which should give rise to
a TC of ~ 30-40K, while other regions have isolated QLs embedded within the SL lattice. We propose that
the latter regions are responsible for the higher TC2 values. Our results have important implications for the
design of magnetic topological materials having optimum properties.

Introduction
Magnetic topological materials, such as topological insulators (TIs) and Weyl semimetals (WSM), are
being intensively investigated due to the prediction and recent observation of the quantum anomalous
Hall Effect (QAHE)1, axion insulator state2 and other exotic quantum phenomena, as well as ensuing
potential applications in spintronics3 and quantum computing4. The �rst observation of QAHE in TI
systems was reported in a Cr doped (Bi,Sb)2Te3, however due to a high defect density produced by the Cr

impurity atoms the QAHE was only observed at sub-Kelvin temperatures5–9. A class of intrinsic magnetic
TIs (MTIs) were discovered when Mn was added to Bi and Te (or Se) during crystal growth. The addition
of su�cient Mn results in the formation of MnBi2Te4

10 (or MnBi2Se4
11) septuple layers (SLs), instead of

the well-known quintuple layer (QL) structure of the non-magnetic TIs (e.g., Bi2Se3 and others). The
formation of SLs is observed in bulk and epitaxial growth conditions, where, depending on the amount of
Mn incorporated, the crystals self-assemble into mixtures of SLs and QLs. This discovery suggested the
likelihood of fewer structural defects in these materials compared to Cr doped TIs, and the possibility to
observe these physical phenomena at higher temperatures.

While a single SL of MnBi2Te4 is ferromagnetic (FM), it has been found that stacked SLs couple

antiferromagnetically to each other12, which prevents the achievement of the QAHE. It has been shown
that one way to stabilize a FM phase in such a system is to separate the magnetic SLs with non-
magnetic QLs. This separation reduces the magnetic coupling between SLs, allowing FM alignment13.
However, in the case of MnSb2Te4, this separation of the SLs with non-magnetic layers is not needed to

achieve FM material14–15. Instead, it has been shown that the presence of MnSb antisites can also induce
the FM phase. Early works of growth combining Sb and Te with a small amount of Mn (1.7%), report FM
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materials with a Curie temperature (TC) 17K16, likely emanating from single SLs. Recently, the bulk

MnSb2Te4 system showed further increase of the TC up to 33K17. The highest reported TC value to date

for these materials was reported in Mn-rich MnSb2Te4 systems with TC of 45-50K18. In spite of these
promising numbers, the MnSb2Te4 system has been far less investigated than MnBi2Te3 in the literature,
and an understanding of the origin of its magnetic properties is still lacking. Furthermore, recent
theoretical and experimental reports suggest that ferromagnetic MnSb2Te4 is a Weyl semimetal,19 while
others suggest that types and levels of magnetic disorder in Mn-rich samples modify the ensuing band
structure, rendering the material to a topological insulator.18 The overwhelming interest in these materials
along with the relatively limited understanding of the structural-property relationship, implies that
investigations of the magnetic properties as they relate to the materials structural parameters are
warranted and that they may provide a more directed approach to the crystal growth of the materials with
the desired magnetic properties, while perhaps revealing new exotic physical phenomena that may
surpass current achievements.

We recently performed a detailed study of the growth of (Sb2Te3)1−x(MnSb2Te4)x structures by self-

assembly in molecular beam epitaxy (MBE)20. We showed that the composition of the structures (the
value of x, or the percent SLs) could be varied by controlling the relative Mn to Sb �ux. Crystal structures
spanning the full composition range, between Sb2Te3 (x = 0) to MnSb2Te4 (x = 1), could be grown. We
also saw that our samples even with only a few SLs were all FM. Detailed analysis of the high-resolution
TEM images showed that MnSb and SbMn antisite defects were present in our samples.

In this work, we report the investigations of the magnetic properties of those samples with emphasis on
their observed TC values and the relationship of these values to the structural details of these materials.
We use temperature dependent Hall resistance (Rxy) plots at near-zero external magnetic �elds to extract
the TC of the samples. The results show that the samples can be separated into three groups according
to the behavior of their TC values, which depend on the %SL in the structure. Group 1 contains the
samples with less than 70% SLs, group 2 the samples with 70–80% SLs and group 3 the samples with
more than 90% SLs. The Rxy plots for the samples from groups 1 and 3 can be described by a single TC

value, with TC values of 15-20K for the samples in group 1 and 30-40K for the samples in group 3. By
contrast, the Rxy plots of the samples in group 2 exhibit two slopes, suggesting possibly two TC

components within each sample, with the higher TC component (TC2) having values as high as 80K,
signi�cantly higher than the highest reported value to date for this type of materials. To con�rm the
presence of a high TC component in the materials, �eld dependent Rxy measurements at high
temperatures show a hysteresis loop around zero �eld at temperatures as high as 80K in samples from
this group. Further corroboration was obtained from temperature dependent magnetization
measurements using a SQUID magnetometer, which show similar results, validating the presence of two
Tc components and the observed high TC values. We justify the presence of two TC regions in the
structures with that composition range by analyzing the details of the SL:QL distribution in the samples.
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We also investigate the carrier density dependence on the %SLs of the samples. Our results indicate that
under our MBE growth conditions, the QLs of our SL:QL structures are likely to contain large Mn excess,
making them very highly p-type doped electrically, while the SLs have a lower carrier density than the QLs.
These �ndings are essential for the directed design and growth of TIs with the desired optimum magnetic
and electrical properties.

Results
As previously reported, 20 a large set of samples of (Sb2Te3)1−x(MnSb2Te4)x were grown by MBE using
different QL-to-SL ratios (i.e., with x values ranging between x = 0 to x = 1), obtained by varying the ratio of
the Mn �ux relative to the Sb �ux (Mn �ux ratio) used during growth. The �uxes were measured by
monitoring the beam equivalent pressure (BEP) measured by an ion gauge at the position of the
substrate prior to each growth. Thus, the Mn �ux ratio used is de�ned as the Mn BEP ratio = 
BEP(Mn)/[BEP(Mn) + BEP(Sb)].

Figure 1a, adapted from Ref. 20, shows a plot of the %SLs obtained in the samples as a function of the
Mn BEP ratio used during growth. The %SLs values of the samples were calculated from a previously
determined calibration of the relationship of the HR-XRD peak position of the (0015) peak of Sb2Te3 as it
shifts to the (0021) peak of MnSb2Te4, compared to the %SLs extracted from TEM images measured for
several samples. The data points in the �gure are distinguished based on the growth conditions used.
Samples grown using the original growth conditions are marked by black circles. Samples grown with an
additional pre-anneal step are marked by red open circles. Samples grown using the pre-anneal step and
with a raised growth temperature (Tg) are marked by red full circles. Figure 1a shows that the use of a
pre-anneal step and the increased Tg both yield higher %SLs for the same Mn BEP ratio as highlighted by

the red arrow.20 The scatter in the data points as well as the noted shift by the modi�ed growth
conditions led us to the conclusion that the Mn incorporates in two ways into the grown samples: as a
structural element in the crystal to form SL and as a dopant impurity in the QLs and the SLs. This
observation was supported by the percent of Mn measured for several samples using EDX, which
indicated that higher levels of Mn than the levels expected based on stoichiometric SLs were observed.20

TEM analysis also revealed that the excess Mn impurity atoms incorporate mostly in Sb sites, while some
Sb atoms were also incorporated at Mn sites (antisite defects).20

In this paper we present the study of the magnetic properties of our samples. We found that all the grown
(Sb2Te3)1−x(MnSb2Te4)x samples that contain at least a few SLs are ferromagnetic (FM). Figure 1b
shows �eld (B) dependent Hall resistance (Rxy) measurements of a selection of the grown samples with
varying %SLs, at T = 10K. The data show a hysteresis loop around zero-�eld for all the samples, a sign of
ferromagnetism. An expanded plot of a sample with only 10% SLs, seen in Fig. 1c, clearly shows the
hysteresis even in that sample. Figure 1c also shows, for comparison, the data for a Mn containing
Sb2Te3 sample which does not have any SLs, i.e., a Mn doped Sb2Te3 sample (Sb2Te3:Mn). This sample
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shows a linear Rxy plot with no hysteresis, suggesting the absence of ferromagnetism in such Mn
containing samples, when there are no SLs formed.

In order to determine the Curie temperature (TC) of the samples, temperature dependent Rxy

measurements were performed on all the samples. The measurements were made under a small applied
magnetic �eld of 0.02T, and are shown in Figs. 1d-f. Three different behaviors of the TC were observed,
which depended on the %SLs. Based on these behaviors, the samples were separated into three groups:
group (1) for samples with less than 70% SLs, group (2) for samples with 70–80% SLs and group (3) for
samples with more than 90% SLs, as shown in Fig. 1a by the blue, white and red shaded areas. A
selection of Rxy plots from each group is shown in Figs. 1d-f. As seen from the behavior of the plots in
group (1), shown in Fig. 1d, a sharp decrease in Rxy as a function of temperature is observed. The
intercept with the zero line is taken as the TC value. From this analysis we conclude that these samples
have TC values ranging between 15K and 20K as indicated by the gray shaded area. In Fig. 1f, which
presents the data of samples in group (3), a similar single TC value is also seen, but with higher TC,
ranging between 30K and 40K as indicated by the gray shaded area in that plot. By contrast, the TC plots
for the samples in group (2), shown in Fig. 1e, exhibit a different behavior. Instead of a sharp drop in
resistance as the temperature increased featuring a single slope, the plots for this region show two
distinct slopes, an initial strong downward slope pointing to about 30-40K, indicated by the gray shaded
area in Fig. 1e, and a second more gradual slope that persists to much higher temperature, as high as 80-
90K for some of the samples. This is highlighted by the red shaded area in Fig. 1e. We interpret this dual
slope to be the result of the material having two components each with a different TC value: TC1 indicated
by the gray shaded region in the plot, and TC2 indicated by the red shaded region.

To further con�rm the existence of the two TC components in the plots of samples from group 2, we
compared the temperature dependent Hall resistance (Rxy) plot measured at a �eld of 0.02T to Rxy plots
made at zero �eld, and to remanent magnetization (Mrem) measurements made at zero �eld using a
SQUID magnetometer, for a sample consisting of 75% SLs. The data are shown in Fig. 2a. The
measurements were performed as follows: for the Rxy plot under 0.02T, the sample was cooled down and,
at speci�c temperatures, the �eld was turned up to 0.02T and the resistance was measured. This is the
way the Rxy plots of Fig. 1d, e and f were all carried out. For the zero-�eld (0T) Rxy and the remanent
magnetization (Mrem) measurements, the samples were cooled down under a �eld of 0.2T for Rxy and
0.5T for Mrem then heated up and measured under zero-�eld. The data are shown in Fig. 2a. Two different
slopes are visible in all the measurements, supporting the existence of the two Tc components. However,
while the Rxy (0T) and the Mrem plots are very similar in shape, the Rxy at 0.02T has a stronger signal of
the high Tc component. The Rxy (0.02T) plots also present a slightly higher TC2 value of almost 95K,
while the Rxy(0T) and Mrem give a TC2 value of about 80K. This difference is probably due to an enhanced
alignment of the magnetic spins under the small (0.02T) �eld. Figure 2b is an expanded view of the
higher temperatures of the Mrem plot that clearly shows a TC2 value of 80K. Additional evidence that the
FM phase in the sample persists at the higher temperatures was obtained from �eld dependent Rxy
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measurements performed at different temperatures (Fig. 2c). These measurements show a clear
hysteresis up to 80K (Fig. 2d), the same value extracted from the temperature dependent Mrem

measurement, supporting the validity of the high TC value extracted from the temperature dependent Rxy

plot. Rxy measurements done at 85K show no hysteresis, consistent with the value determined from the
0T measurements.

Careful observation of the data from group 2 in the plot of Fig. 1a shows that samples with 70–80% SLs
were formed under a large range of Mn BEP ratios, from 0.04 to 0.10. This suggests that there may be a
varying Mn content in that set of samples even though the %SLs are all very similar. We measured the
temperature dependent Rxy for four samples in this group that were grown with varying Mn BEP ratios.
Lower Mn BEP ratio during growth is expected to result in lower Mn content in the sample. Figure 3 shows
the �eld dependent Rxy hysteresis plots at 10K (Fig. 3a) and the temperature dependence of the Rxy (TC

plot) at 0.02T (Fig. 3b) for the four samples. As can be seen, the �eld dependent Rxy curves (Fig. 3a) show
a hysteresis around zero-�eld for all the samples, con�rming they are all FM at 10K. In the temperature
dependent measurements (Fig. 3b), the TC2 component in the samples becomes weaker, and the TC2

values of the samples decrease as the Mn BEP ratio decreases. From these results we conclude that
higher Mn content enhances the FM coupling in the materials giving rise to higher values for TC2

(increasing from 50K to 85K). The data show that besides having the appropriate 70–80% SLs, it is
important that higher Mn BEP ratios are used during growth in order to obtain a higher temperature TC2

component.

The requirement that an excess of Mn is needed in the samples for FM behavior and to achieve high TC

values suggests that an understanding of the role of Mn in the crystal as an electrical dopant is also
needed. Substitutional Mn is expected to be a p-type dopant in Sb2Te3. We have investigated the bulk
background doping in our samples as a function of the Mn �ux ratio and the %SL. Figure 4a shows the
carrier density of a selection of samples with %SLs varying between 0-100%. Due to the internal magnetic
moments of our samples, a high magnetic �eld was needed for the Hall Effect measurements to
calculate accurately the carrier density. At high enough �eld, the �eld dependent Hall resistance plot
returns to linearity, from which the carrier density is obtained, as illustrated in Fig. 4b. Hall Effect was
measured with an applied magnetic �eld of 5-9T as needed to ensure linearity of the Rxy. Figure 4c shows
representative TEM images of samples in the orange (Mn doped Sb2Te3) and purple shaded areas [mixed
SL:QL structures with formula (Sb2Te3)1−x(MnSb2Te4)x] of Fig. 4a. All the samples have higher carrier

density than a reference sample of undoped Sb2Te3 (green circle) of 2.4x1019 cm− 3, consistent with the
p-type doping character of Mn impurities in Sb2Te3. As Mn is added at low levels, too low for SLs to form,
the Mn doped Sb2Te3 samples (Sb2Te3:Mn) show high carrier density, rapidly increasing with the Mn BEP

used during growth by more than one order of magnitude, reaching a maximum doping level of ~ 2 x 1021

cm− 3. This con�rms that Mn is a p-type electrical dopant for Sb2Te3. It is worth noting that, as was seen
in Fig. 1c, the Sb2Te3:Mn samples do not show AHE (i.e., they are not FM) if they do not have at least a
few SLs. As soon as the Mn BEP ratio is high enough so that SLs form, the carrier density level of the
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structure starts to drop and, as the proportion of QLs in the structure decreases, the carrier density for the
structure also decreases, reaching a value of ~ 1 x 1020 cm− 3 for the samples with close to 100% SLs (0%
QLs). This behavior suggests that during MBE growth of

(Sb2Te3)1−x(MnSb2Te4)x structures by self-assembly, Mn incorporates in Sb2Te3 as a substitutional
impurity until saturation, at which point SLs can begin to form by the further incorporation of Mn as a
structural element at higher Mn �ux ratios. Therefore, the Sb2Te3 QLs of the SL:QL mixed structures are
very highly doped with Mn. The amount of substitutional Mn in the SLs is harder to predict from this
experiment, but we can infer, from the decreasing carrier density with the increased %SLs, that the SLs
themselves have a lower carrier density than the QLs, and the carrier density of the mixed QL:SL structure
is dominated by the proportion of QLs in the structure. These results suggest that the self-assembly
growth mechanism may need to be modi�ed in order to reduce the bulk electrical doping of the
structures.

Discussion
A possible explanation for the presence of two TC components in the samples is suggested if we consider
the structural details of the samples. Figure 5a shows illustrative schematics of three samples
representing the three groups described above, with %SLs of 20%, 75% and 95%. The sample with 20%
SLs, shown on the left-hand panel of Fig. 5a, is expected to have a single TC value of 15-20K, similar to

TC values reported by others for samples with single SLs 13, 16 separated by several QLs, and as seen in
Fig. 1d. The sample with 95% SLs, shown in the right-hand panel of Fig. 5a, would be expected to have
higher TC values as seen in Fig. 1f, similar to the reported values for Mn-rich MnSb2Te4 samples

containing MnSb antisites18. Samples with 70–80% SLs will have a few single QLs randomly distributed
through the mostly-SL containing structure, as illustrated in the middle panel in Fig. 5a. We propose that
this distribution of single QLs within a mostly SL containing structure results in two distinct types of
regions within the structure as marked with the red and blue dashed squares on the illustration. The SLs
regions (red dashed square) are similar to the all-SL structure (right-hand panel) and would exhibit TC

values of ~ 30-40K, as samples in Fig. 1f. However, the regions of SLs surrounding the isolated QLs (blue
dashed square) are unique to these 70–80%SL structures. We suggest that these regions may be subject
to enhanced magnetic coupling in the SLs, resulting in the higher TC2 values observed. Samples with
higher %SLs may also contain some of these unique regions, but in signi�cantly lower number and thus
will contribute less to the overall magnetic properties of the structure.

The idea of two regions in the sample with different TC values is further illustrated in Fig. 5b, which
shows the TC plot for the sample with 75% SLs, grown with a 0.10 Mn BEP ratio. This plot can be viewed
as the sum of two independent TC plots: the TC1 plot marked by the red shaded area corresponding to the
“all-SL” regions of the structure, and the TC2 plot marked by the blue shaded area corresponding to the QL
containing regions. At low temperatures the TC1 dominates since it represents a larger volume of the
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sample, but as the temperature increases above TC1, the TC2 component dominates appearing as a
weaker tail, due to its lower volume and possibly its lower electrical resistance.

This justi�cation for the presence of two Tc regions within the sample does not reveal a speci�c
mechanism for the enhanced magnetic coupling in the regions of the samples that contain isolated QL
interspersed within the SLs, possibly leading to the higher Tc values. Previous work has shown that
excess Mn in the form of MnSb antisites enhances ferromagnetic coupling and increases the Tc of 100%
MnSb2Te4 samples. This observation was supported by calculations that suggest that the extent of

antisite defects and types of magnetic disorder present can affect the value of Tc.18 Investigations of the
growth mechanisms at play during the self-assembly process in our structures, and possible excess Mn
incorporation in the SLs immediately surrounding a QL, may provide insight to understand the observed
results. Magnetic proximity effects21 between the non-magnetic QL TI layers and the magnetic MnSb2Te4

may also be affecting the magnetic properties of our structures, and their presence should also be
explored. Physical characterization studies including scanning tunneling microscopy (STM), or angle
resolved photoelectron spectroscopy (ARPES) investigations combined with theoretical modelling
studies, which are beyond the scope of this paper, would be useful to elucidate the band structure
modi�cations produced by multiple QL/SL layers and the incorporation of the magnetic atoms in those
structures that lead to the observed behavior.

Conclusions
We have investigated the magnetic properties of (Sb2Te3)1−x(MnSb2Te4)x structures ranging in
composition between Sb2Te3 (x = 0) and MnSb2Te4 (x = 1) which were grown by a self-assembly process
in MBE by varying the Mn to Sb BEP ratio during growth. All the samples with more than a few SLs show
FM behavior, likely due to magnetic disorder due to excess Mn in our samples. Three different TC

behaviors were observed depending on the value of x, (or the %SLs). Samples with less than 70% SLs
(group 1) and samples with more than 90% SLs (group 3) are described by a single TC value of 15-20K
for group 1 and 30-40K for group 3. These TC values are consistent with reports of FM MnSb2Te4 by

others16–18. A new behavior was observed for samples with intermediate values of 70–80% SLs. These
samples exhibit a behavior consistent with having two Tc components, a TC1 value of 30-40K, and a
higher TC2 value as high as 85K in some samples. The highest values of TC2 are obtained for samples
with 75–80% SLs that were grown with high Mn BEP ratios, suggesting that excess Mn is important to
enhance the high TC2 component. These TC2 values are the highest TC values reported to date for these

materials, nearly double the highest reported Tc values18. Remanent magnetization measurements using
a SQUID magnetometer con�rm the validity of these high TC regimes. The high TC2 values were also
veri�ed by �eld dependent Hall resistance measurements done at high temperatures, which show
hysteresis at temperatures as high as 80K. Considering the structural distribution of SLs and QLs in the
samples with 70–80%SLs, we propose that there are two distinct regions within the structures of these
samples, each giving rise to a different TC value. One region contains only SLs and gives rise to the TC1
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component, while the other contains SLs separated by isolated QLs and is likely responsible for the high
temperature TC2 component. The speci�c exchange mechanism responsible for enhanced magnetic
coupling in these regions has not been identi�ed. A study of the carrier density of the samples shows that
as Mn is added during MBE growth, the Mn incorporates initially as a p-type dopant of Sb2Te3 increasing

its carrier density up to 2x1021 cm− 3. Once SLs start to form, the carrier density of the samples decreases
as the %SLs increases, reaching a value of 1x1020 cm− 3 for samples with near 100% SLs. From this
observation we conclude that Mn doped QLs in our samples have a signi�cantly higher p-type carrier
density than the Mn doped SLs, and that a modi�cation of the self-assembly growth process would be
needed to signi�cantly lower the bulk carrier density in these materials, as needed for the observation of
exotic physical phenomena expected of these topological materials. The results presented provide
experimental evidence for high temperature ferromagnetism in these topological materials, paving the
way for demonstration of practical applications of these novel quantum materials. They also provide
essential information that may lead to the “on-demand” controlled growth of magnetic topological
materials structures with desired optimum magnetic properties.

Methods
All samples were grown in a Riber 2300P MBE system with base pressure of 3-5x10-10 Torr. The chamber
is equipped with re�ection high-energy electron diffraction (RHEED) for in-situ growth monitoring, and the
samples were deposited on epi-ready c-plane (0001) sapphire substrates. High purity elemental 6N Sb, Te
and 5N8 Mn sources were used. The details of the MBE growth have been previously reported20.

Scanning transmission electron microscope (STEM) images were performed (EAG Laboratories) using a
Hitachi HD-2700 Spherical Aberration Corrected Scanning-TEM system. Carrier density and �eld and
temperature dependent measurements were performed in a 14 T Quantum Design physical property
measurement system (PPMS) in 1 mTorr (at low temperature) of He gas or in a Lakeshore 7600
electromagnet system. Electrical contacts in the van der Pauw con�guration were made with indium
bonded on the edge of the thin �lm.

Magnetization measurements were performed with a superconducting quantum device (SQUID)
magnetometer (Quantum Design MPMS – XL). The rapid scan option (rso) of the MPMS-XL was used,
giving the opportunity to acquire data at a high speed (0.5 Hz) and average on 5 measurements.
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Figure 1

(a) Distribution of the %SLs of all samples, as a function of the Mn BEP ratio adapted from ref. 20. The
three groups of samples with different Curie temperature behavior are indicated by shading of their areas
blue, white and red for samples containing <70%, 70 to 80% and >90% SLs, respectively. (b) Hysteresis
loop of the Hall resistance (Rxy) as a function of the magnetic �eld, B, of a selection of samples between
10-90% SLs at T = 10K. (c) Hall resistance (Rxy) measurements of a sample containing 10% SLs as well
as a Mn doped sample (with no SLs). (d-f) Temperature dependent Rxy plots under low magnetic �eld of
0.02T for samples from the three groups identi�ed in (a): (d) group 1, (e) group 2, and (f) group 3.
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Figure 2

Measurements of a sample containing 75% SLs. (a) Temperature dependent Hall resistance (Rxy) plots
taken at 0.02T and 0T, as well as the remanent magnetization (Mrem) taken at 0T using a SQUID
magnetometer. (b) Magni�cation of the Mrem plot to clearly identify its TC2 value. (c) Hysteresis loop of
the Hall resistance (Rxy) as a function of the magnetic �eld, B, measured at temperatures between 10-80K
for the sample with 75% SLs. (d) Magni�cation of the plots of 70K and 80K from (c) to better see their
hysteresis loops.
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Figure 3

Measurements of a selection of samples from group 2 grown with Mn BEP ratios of 0.10 to 0.06 and
having 70-80% SLs. (a) Hall resistance (Rxy) as a function of the magnetic �eld, B, measured at 10K. (b)
Temperature dependent Rxy plots taken at 0.02T, offset to clearly show their trends. The values of the Mn
BEP ratio and the %SLs are given, as well as the TC2 values, color coded, for each plot. The black line is
the 0Ω line for each plot.
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Figure 4

(a) Measured carrier density for a selection of samples including pure Sb2Te3 (green circle), Mn doped
Sb2Te3 (orange shaded area) and (Sb2Te3)1-x(MnSb2Te4)x (purple shaded area) with dashed line drawn to
express the trend of the change in carrier density of the samples. The black and red open circles and the
solid red circle indicate the growth conditions used as described for Figure 1a. Carrier density for all the
samples was measured at 2K except for Sb2Te3 (green circle), which was measured at 10K (b) Field
dependent Hall resistance (Rxy) measurement of a sample taken at 2K up to 9T. Dashed red line drawn to
show the linear part of the plot. (c) High-angle HAADF STEM images of a Mn doped Sb2Te3 sample and a
representative sample containing QL and SLs. The QLs and SLs are marked by white and purple labels,
respectively.

Figure 5
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(a) Illustration of the layers of samples from the three groups (de�ned in Fig. 1a), QLs and SLs are
marked in blue and green respectively. (b) Temperature dependent Hall resistance (Rxy) plot of a sample
containing 75% SLs taken at 0.02T. Shaded red and blue areas under the plot signify the proposed
contribution for the TC1 and TC2 components. Inset: Rxy as a function of the magnetic �eld, B, measured
at 10K and 75K.


