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Figure S1. (a,b) Optical micrographs of CVD grown Cr2Te3 exhibit large size. 

Millimeter-scale (over 0.93 mm) Cr2Te3 has been achieved.

Figure S2. (a,b,c) AFM images and height profile of CVD grown Cr2Te3.

Figure S3. (a) TEM image of a representative Cr2Te3 domain on TEM grid. (b) 
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HRTEM image indicates the lattice constant (110) with 0.339 nm. (c-f) SAED patterns 

acquired from the labelled areas of the same triangular Cr2Te3 in (a). 

Figure S4. (a) TEM image of a representative Cr2Te3 domain on TEM grid. (b-d) 

SAED patterns acquired from the labelled areas of the same triangular Cr2Te3 in (a).

Figure S5. (a, c, e) TEM image of a representative Cr2Te3 domain on TEM grid. (b, d, 

f) SAED patterns of the triangular Cr2Te3.
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Figure S6. (a, c) TEM image of a representative Cr2Te3 domain on TEM grid. (b, d) 

SAED patterns of the triangular Cr2Te3.
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Figure S7. (a) TEM image of Cr2Te3 domain on TEM grid. (b, c) The distribution of 

Cr and Te elements via TEM-EDX mapping. There is no indication that the Cr or Te 

element is concentrated at the surface. (d) The chemical composition analysis of TEM-

EDX.

Figure S8. (a,b) Field-dependent magnetization at mica substrates in some special 

temperature with field from -7 T to 7 T for in-plane and out-of-plane, respectively. (c) 

Field-dependent magnetization at SiO2 (out-of-plane). 
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Figure S9. The flow chart of fabrication strategy. The devices are fabricated on top of 

a mica substrate indeed. The atomically flat Au electrodes with thickness of 150 nm is 

transferred to the Cr2Te3 flake of interest via probe. The probe adheres Au electrodes 

via Ga-In alloy, and then release the Au electrodes on target flakes. The atomically flat 

Au electrodes were fabricated by thermal evaporation via a shadow mask on SiO2/Si 

substrates. Polymethyl methacrylate (PMMA) is spin-coated on the substrate which 

already contains the flake of interest and the Au on top. The PMMA spin-coated on 

devices can contribute to tight contact between Au electrodes and flakes, which may 

benefit by removing the bubble at interface between electrodes and flakes via spin-

coating. 
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Figure S10. (a,b) Temperature-dependent of differential magnetic susceptibility 

(dM/dT) at mica substrates with a field 0.1 T for out-of-plane and in-plane, respectively. 

(c) Voltage bias-dependent drain current (Ids-Vds) curve. The Cr2Te3 is metallic as a 

result the advantage of achieving good electrical contact. However, when the devices 

were fabricated by a standard electron beam lithography process (EBL), the voltage 

bias-dependent drain current (Ids-Vds) curve exhibited obvious Schottky contact 

character as shown in (c). When the method of transferred Au electrodes was employed, 

and the Ids-Vds curve indicated the good electrical contact of the device. The EBL or 

thermal evaporation process are probable responsible for the Schottky barriers. The 

PMMA residue at the contact region can lead to additional barriers. The electronic beam 

irradiation during EBL process or metal atom bombardment at thermal evaporation 

process may damage the surface lattice. However, the methods of transferred electrodes 
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are not standardized processes, which will also result in Schottky contact character as 

shown in (c). Therefore, the contact still impedes us achieve the channel resistance, 

which result in no obvious trend of Rxx with the thickness changed. As a result, the 

sample of 7.1 nm in thickness displays a lower resistivity than the 8.7 nm one owing to 

the contact problem. Realizing good electrical contact of 2D layers including graphene 

is still fundamental challenges.1 (d) Temperature-dependent of electrical transport 

measurements of longitudinal resistance (Rxx) as thickness are varied. (e) Temperature-

dependent of differential electrical resistivity (ρxx) as thickness are varied. The 

corresponding temperature of zero valued in differential electrical resistivity is defined 

as Tc. (f) Temperature-dependent σ can be well fitted by the power law (σ ∝T1.5). 

Optical micrographs images of device structure with thickness of 5.5 (g) and 7.1 nm 

(h).

Figure S11. The Tc as a function of the thickness of Cr2Te3, extracted from position of 

the kink.
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Figure S12. (a,c-e) H-dependent Rxy with different thickness and temperature. (b) 

External magnetic field (H) dependence Hall electrical resistivity ρxy as thickness are 

varied. (f) Temperature-dependent coercive field with the thickness of 5.5 nm.
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Figure S13. (a-f) H-dependent Rxy with different thickness and temperature. 

Figure S14. (a,b) H-dependent Rxy with thickness of 7.1 nm at different temperature. 

There is still hysteresis at 280 K, which provided an unambiguous evidence the 

existence of spontaneous magnetization at room temperature.
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Figure S15. AFM images and height profile of devices.

Figure S16. AFM images and height profile of devices.
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Figure S17. AFM images and height profile of devices. 
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Figure S18. Optical micrographs image of CVD grown bulk (a) and 2D (b) Cr2Te3. 

AFM image of CVD grown bulk (c) and 2D (d) Cr2Te3. (e) The sample of 2D Cr2Te3 

in XRD experiment. The area surrounded by the red line exhibits the sample in which 

the thickness is greater than 10 nm. For the synthesis of Cr2Te3, the mixture of CrCl3 

and NaCl were placed behind Te source at 850℃. The mica substrate was then kept 

near to CrCl3 powder. The weight of CrCl3 is approximately 10 mg. The bulk Cr2Te3 is 

easier to get when the weight of CrCl3 increases to 500 mg. The precise control of 

sample thickness via CVD growth process have been extensive research. For example, 

the Cr2S3 can be accurately controlled to atomic thickness.2 The selectivity of the 

synthetic process has been carefully analysed in recent work.2 In our XRD experiment, 

the thickness of bulk Cr2Te3 is approximately 1 µm. Significantly, the thicknesses of 

2D Cr2Te3 is far less than that of bulk Cr2Te3. In terms of crystal thickness of 2D limit 

in XRD analysis, the area ratio of the Cr2Te3, in which the thickness is less than 10 nm, 

is approximately 86.2%. The thickness of other samples in 2D Cr2Te3 is range from 10 
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to 20 nm. We define that the thickness of 2D Cr2Te3 is less than 10 nm in our 

experiments.

Figure S19. The XRD spectra of bulk and 2D Cr2Te3 on mica substrate.

From the XRD pattern, we can see that the peaks of 2D Cr2Te3 shift to right with a 

bigger angle (2θ) than bulk Cr2Te3, which is consistent with the claim that 2D Cr2Te3 

exhibits a smaller value of lattice parameter than that of bulk Cr2Te3. Although we 

deducted the Ka2 component from our XRD pattern by the Powder X program, there 

are some other peaks (maybe origin from the substrate) near (00l) peaks of 2D Cr2Te3. 

Limited by the quality of XRD data, we can’t measure the width of XRD peaks 

accurately, so it is hard to clarify if there is a peak broadening at the XRD patterns of 

2D and bulk Cr2Te3. 

Our X-Ray source is non-monochromatic. After we deducted the Ka2 component 

from our XRD pattern by the Powder X program, we find that there still seems to be 

unresolved doublets for 2D Cr2Te3, but singlet for bulk Cr2Te3 at low angle. We think 

the doublet in 2D Cr2Te3 contains other component which maybe originate from the 

substrate. First, the XRD have calibrated by XRD peak of mica substrates. Then, using 

the formula 2dsin(θ+) = jλ ( is the zero-shift error), a zero-shift error of 2D and bulk 

Cr2Te3 have been precluded by calculation. 



15

Figure S20. Four kinds of structures with different exposed atoms at the surface. 

Figure S21. The chemical composition analysis of TEM-EDX. (a) Cr2Te3 domain on 

TEM grid with carbon film and (b) carbon film. When Cr atoms expose on the surface, 

the formation of CrOx appear on the surfaces. The radius of O2- is smaller than for Te2-, 

which will compress the unit cell and thus enhance the Tc. We calculate the formation 

energy for achieving the stability of different exposed atoms. The results show that 

model III exhibits minimum formation energy. Therefore, the Te atoms expose on the 

surface, which is more stable. Furthermore, we also estimate the chemical composition 

via TEM-EDX analysis, and the stoichiometric ratio of Te and O is approximately 

3.02:0.02 (a). Significantly, we have to take into consideration the content of oxygen 

element in carbon film substrates or organic residue as shown in (b). According to 

TEM-EDX results, we find that the content of oxygen element in Cr2Te3 is negligible. 

As a result, we speculate that the Tc is relatively unaffected by oxidation in our 

condition. The Te atoms exposed on the surface, which is more stable. Therefore, we 
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speculate that the oxidation is relatively small effect on reconstruction in our model.

Figure S22.  The band structure of the bulk Cr2Te3. The red line represents spin-up 

band, the green line reprents spin-down band.
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Table S1. The bond valence sum (BVS) calculation results.

The BVS values (Vi) were calculated using the formula , and Sij= exp[(r0-
j

iji SV

1 Cr-Te1 Cr-Te2 Cr-Te3

rij 2.721(*6) 2.717(*3) 2.753(*3)

Sij 0.581 0.587 0.533

Vi 3.485 3.359

2 Cr-Te1 Cr-Te2 Cr-Te3

rij 2.721(*6) 2.717(*3) 2.753(*3)

Sij 0.581 0.587 0.533

Vi 3.485 3.359

3 Cr-Te1 Cr-Te2

rij 2.717(*6) 2.727(*6)

Sij 0.587 0.572

Vi 3.522 3.429

4 Cr-Te1 Cr-Te2 Cr-Te3

rij 2.721(*6) 2.717(*3) 2.753(*3)

Sij 0.581 0.587 0.533

Vi 3.485 3.359

5 Cr-Te1 Cr-Te2 Cr-Te3

rij 2.721(*6) 2.717(*3) 2.753(*3)

Sij 0.581 0.587 0.533

Vi 3.485 3.359

Average valence 3.460
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rij)/0.37]. The value of r0= 2.52 for Cr3+.3

Supplementary Note 1. Magnetic properties of Cr2Te3.
At the lowest temperature range, M appears to diverge, this phenomenon can be seen 

in many ferro(i)magnetic materials. 4-7 Now, we discuss more details about the diverged 

M: As shown in Figure 2b, a broad maximum is observed in MZFC(T), and only a small 

decrease of magnetization is shown when measured with small magnetic field, which 

can be seen in many ferro(i)magnetic materials, such as ferrimagnetic spinel NiFe2O4, 
ferromagnetic perovskite La2/3Ca1/3MnO3.8,9 The results of magnetization 

measurements show typical ferromagnetic character, including a broad maximum in 

MZFC(T), weak thermomagnetic irreversibility at a weak magnetic field as shown in 

Figure 2b. Furthermore, there is only Cr3+ ions in Cr2Te3, which indicates that Cr2Te3 

is a ferromagnet. On the other hand, Cr2Te3 is a highly anisotropic system, the 

irreversible thermomagnetic behavior between MZFC(T) and MFC(T) may be account for 

its anisotropy. 10, 11

The decrease of susceptibility between ~280 and 200 K in the in-plane data, it is 

probably origin from the magnetic moment turn to [001] direction gradually when the 

temperature drops to about 200 K. Because if the magnetic moment turns to [001] 

direction with temperature decreasing, the projection of moment in ab plane (in-plane) 

will decrease, but increase along c axis (out-of-plane) direction, which is consistent 

with the measured data shown in Figure 2a. The origin of the decrease in susceptibility 

between 280 and 200 K attribute to the competition between the forming of magnetic 

order and orientation of magnetic moment. Meanwhile, on the other hand, the 

explanation that the decrease origin from the competition of antiferromagnetism in this 

temperature range is also reasonable, which can be used to explain the magnetic 

behavior: As the article described: 12, 13 Cr2Te3 exhibit ferromagnetic superexchange 

between the Cr3+ centers in the planes, the moment is along c axis direction, and 

antiferromagnetic coupling within the interstitial Cr3+ ions. If the antiferromagnetic 

coupling is within ab plane (in-plane), the magnetic moment within ab plan (in-plane) 

will decrease. At the same time, because a ferromagnetic order forms near c axis (out-

of-plane) direction in this temperature range, the value of M will increase in this 

direction as the temperature decreasing, which also consistent with the measured data. 

Based on these facts, the explanation that the special magnetic behavior may be origin 

from the competition of ferromagnetic and antiferromagnetic order at the temperature 
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range 200 K~280 K is also reasonable.

According to the early neutron studies, 12 our Cr2Te3 sample has the same crystal 

structure with that the paper mentioned above. Because our Cr2Te3 samples are too 

small to measure the neutron powder diffraction, we do not know the exactly magnetic 

structure. But from the magnetic data, we can see that along [001] direction, our sample 

be of ferromagnetism probably origin from the Cr3+ centres in the planes (00l), similar 

to that mentioned in the paper above. Besides, according to the magnetization data, we 

estimate the value of net ferromagnetic moment to be about 0.6 µB per Cr3+ ion at 2 K. 

Although this value is not so accurate due to the effect of substrate, it indicates strong 

ferromagnetic-like feature. Therefore, the current Cr2Te3 films tend to form long-range 

ferromagnetic order, in agreement with the article (H.Haraldsen et al). 12, 13  Of cause, 

in addition to the dominant ferromagnetic coupling, some antiferromagnetic or 

antisymmetric interactions are also possible to occur since the magnetic moment 

mentioned above is apparently less than the theoretical one for a Cr3+ ion with t2g
3 

configuration (3.0 B).  

As for the anisotropy parameter K, because the Cr2Te3 flakes randomly distributes 

on the mica substrate, we cannot get the saturated moments along [100] and [010] 

directions, so it is hard to calculate the exactly value of anisotropy parameter K.

Supplementary Note 2. The mechanism of magnetic transition 

In order to exclude the mechanism of the room temperature magnetic transition 

origins from the substrate or the interaction between the substrate and the sample, 

different samples in which substrate were mica and SiO2 were measured. Both of them 

have the ferromagnetic-like behavior. We can exclude that the mechanism of the room 

temperature magnetic transition origins from the samples to be oxidized into Cr2O3, 

CrO2 or CrO3. Considering different Cr2O3 films will occur an antiferromagnetic or 

ferrromagnetic transition at about 296 K and 50 K, respectively,14, 15so the 

ferromagnetic-like transition occurred at about 300 K is not from Cr2O3. As for CrO2 

thin film, the ferromagnetic transition temperature is about 390K, 16 So the room 
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temperature transition is not from CrO2 too. Finally, considering the high valence Cr6+ 

in CrO3 must be synthesized by some special strong oxidant, like concentrated sulfuric 

acid, and usually the interaction needs to have a high temperature environment. Besides, 

the valence state of Cr in Cr2Te3 is near +3 from the BVS calculation results (the detail 

information sees Extended Data Table 1). Based on those facts, in the room temperature, 

there is a low possibility that room temperature magnetic transition origins from CrO3.

Al doping results in n-type Cr2Te3, in which the Tc is 244 K. 17 In our case, the Cr2Te3 

is p-type. These provide strong evidence that Al doping mechanism does not dominate 

the underlying mechanism. 

Supplementary Note 3. Fabrication of devices
The single-unit-cell Cr2Te3 exhibits insulator characteristic with huge resistance, 

which may derive from structural instability or reconstruction of entire structure. The 

resistance is beyond the range of PPMS measurement. We employed polar reflective 

magnetic circular dichroism (RMCD) to monitor the magnetism. However, the RMCD 

signal is very weak which may originate from substrate noise. As mentioned before, 

the transfer of crystals can result in the damage of sample, especially in thin sample. 

In order to guarantee the uniform number of layers, we firstly identify the different 

layers via optical microscope and atomic force microscope (AFM) measurement as 

shown in Figure S15-17. According to the different contrast of optical microscope and 

AFM images, height profile of devices, we can easily identify the different layers. Then, 

the probe with diameter of 1µm was used to fabricate faint cracks, which can segregate 

different layers and guarantee the uniform number layers of devices. In our condition, 

the edge of Cr2Te3 may cause continuous thicker layers, in which the probe can 

fabricate faint cracks for guaranteeing the uniform number layers of devices.

Supplementary Note 4. The electrical transport measurements of longitudinal 

resistance (Rxx)

When the dimensionality drops to 9.9 nm, the Cr2Te3 shows classical semiconducting 

behavior that the electrical resistivity increases with decreasing temperature in the high- 

temperature range (294-390 K) (Figure S10 d). However, when the temperature is lower 



21

than 294 K, the electrical resistivity decreases with decrease in temperature which 

accounts for obvious metallic behavior in Cr2Te3. The magnetic scattering is usually 

ascribed to the exchange interaction between free carrier and localized magnetic 

electrons. 18 The magnetic scattering will sharply reduce after magnetic order occurring. 

Therefore, we can roughly estimate the Tc according the change of longitudinal 

resistance (Rxx). The weak change of Rxx with the thickness changed will not hinder the 

trends of that as temperature change. The metallic behavior may originate from 

reducing magnetic scattering after magnetic order occurring. The corresponding 

temperature of zero valued in differential electrical resistivity is defined as Tc. The 

transition temperature may derive from reduced magnetic scattering as a consequence 

of spontaneous magnetization. We further extracted Tc from position of the kink. The 

Tc is around 294 K with thickness of 9.9 nm (Figure S10 e). With the subsequent 

reduction of thickness to 9.2, 8.7 and 7.1 nm, the same phenomenon was observed, and 

we can roughly extract the Tc about 285, 298, 282 K respectively (Figure S10 e). 

Interestingly, this value is consistent with the -T and M-H data obtained from 

magnetization measurements. We speculate the room temperature ferromagnetism 

results from ultrathin flakes (thinner than around 9.9 nm). Below 9.9 nm 

dimensionality, the ultrathin Cr2Te3 exhibit a classical semiconducting behavior where 

the conductivity (σ) increases with increasing temperature between 300 and 390 K. As 

clearly depicted in Figure S10 f, the temperature-dependent σ can be well fitted by the 

power law (σ ∝T1.5).  Irrespective to change in carrier densities, we can speculate 

that the impurity scattering mechanisms strongly dominate electronic transport in the 

high temperature range (300-390 K). 19 The semiconducting behavior observed in 

thinner Cr2Te3 may originate from opening up of a bandgap. 20 The quantum 

confinement effects in 2D limit can induce a gap. 21-23 The magnetically induced 

gapped-insulator surfaces phase was also observed via an angle-resolved 

photoemission spectroscopy (ARPES) in topological insulator. The quantum 

confinement effects or magnetic induced gap can distinguish from measurement the 

spin texture at the time-reversal (TR)invariant moment, because the spins are doubly 
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degenerate at the TR invariant momenta with the unbroken the TR symmetry via 

Kramers’ degeneracy theorem. In our specific case, Cr2Te3 turned into a paramagnetic 

order over 300 K, while the semiconducting behavior appeared at the high temperature 

range (300-390 K). As a result, we can roughly exclude the magnetically induced gap. 

Furthermore, in consideration of the conductivity (σ< 104 Ω-1 cm-1), the bad-metal 

regime indicates a strong disorder of the thin films. 24 The strong spatial fluctuations 

and thermal disorder of surface can also induce a gap. 22, 25

The position of kink in longitudinal resistance experiences was extracted, as shown 

in Figure S11. It is consistent with the Hall result; the Tc of Cr2Te3 increases when its 

thickness decrease. However, the Hall results are more precise for extracting Tc in our 

condition. When the thickness of Cr2Te3 is less than the 2D limit, the kink around 180 

K still appears. We speculate that the Cr2Te3 below the 2D limit exhibits two magnetic 

phase transitions: one is at about 300 K, and another is at about 180 K. This is the reason 

why the anomaly is not disappearing below the 2D limit in accordance with the Curie 

temperature (Tc) observed. The kink observed at near 300 K is extremely broad, and in 

addition the differential trace is extremely noisy. We think it may be origin from the 

forming of short-range magnetic order at around 300 K before the forming of long-

range ferromagnetic order. For the anomaly at about 180 K, the resistance decreased 

sharply, which probably account for the occurrence of long-range magnetic order 

rapidly. 
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