
 

 

 

Superconductivity in CuIr2-xAlxTe4 telluride chalcogenides 

Dong Yan(严冬), Lingyong Zeng(曾令勇), Yijie Zeng(曾宜杰), Yishi Lin(林一石), Junjie Yin(殷俊杰),Meng Wang(王

猛), Yihua Wang(王熠华), Daoxin Yao(姚道新), and Huixia Luo(罗惠霞) 

Citation:Chin. Phys. B, 2022, 31 (3): 037406.   DOI: 10.1088/1674-1056/ac43b1 

Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb   

What follows is a list of articles you may be interested in  

 

Electronic properties and interfacial coupling in Pb islands on single-crystalline 

graphene 

Jing-Peng Song(宋靖鹏) and Ang Li(李昂) 

Chin. Phys. B, 2022, 31 (3): 037401.   DOI: 10.1088/1674-1056/ac1b8e 

Evolution of superconductivity and charge order in pressurized RbV3Sb5 

Feng Du(杜锋), Shuaishuai Luo(罗帅帅), Rui Li(李蕊), Brenden R. Ortiz, Ye Chen(陈晔), Stephen D. Wilson, Yu 

Song(宋宇), and Huiqiu Yuan(袁辉球) 

Chin. Phys. B, 2022, 31 (1): 017404.   DOI: 10.1088/1674-1056/ac4232 

Revealing the A1g-type strain effect on superconductivity and nematicity in FeSe thin 

flake 

Zhaohui Cheng(程朝晖), Bin Lei(雷彬), Xigang Luo(罗习刚), Jianjun Ying(应剑俊), Zhenyu Wang(王震宇), Tao 

Wu(吴涛), and Xianhui Chen(陈仙辉) 

Chin. Phys. B, 2021, 30 (9): 097403.   DOI: 10.1088/1674-1056/ac1efa 

Barrier or easy-flow channel: The role of grain boundary acting on vortex motion in 

type-II superconductors 

Yu Liu(刘宇), Xiao-Fan Gou(苟晓凡), and Feng Xue(薛峰) 

Chin. Phys. B, 2021, 30 (9): 097402.   DOI: 10.1088/1674-1056/ac11ea 

Excess-iron driven spin glass phase in Fe1+yTe1-xSex 

Long Tian(田龙), Panpan Liu(刘盼盼), Tao Hong(洪涛), Tilo Seydel, Xingye Lu(鲁兴业), Huiqian Luo(罗会仟), 

Shiliang Li(李世亮), and Pengcheng Dai(戴鹏程) 

Chin. Phys. B, 2021, 30 (8): 087402.   DOI: 10.1088/1674-1056/ac0695 

 

-------------------------------------------------------------------------------------------------------------------- 

http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac43b1
https://doi.org/10.1088/1674-1056/ac43b1
http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac1b8e
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac1b8e
https://doi.org/10.1088/1674-1056/ac1b8e
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac4232
https://doi.org/10.1088/1674-1056/ac4232
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac1efa
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac1efa
https://doi.org/10.1088/1674-1056/ac1efa
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac11ea
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac11ea
https://doi.org/10.1088/1674-1056/ac11ea
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac0695
https://doi.org/10.1088/1674-1056/ac0695


Chin. Phys. B 31, 037406 (2022)

Superconductivity in CuIr2−𝑥Al𝑥Te4 telluride chalcogenides
Dong Yan(严冬)1,5,†, Lingyong Zeng(曾令勇)1,†, Yijie Zeng(曾宜杰)2,6, Yishi Lin(林一石)3,4, Junjie Yin(殷俊杰)2,

Meng Wang(王猛)2, Yihua Wang(王熠华)3,4, Daoxin Yao(姚道新)2, and Huixia Luo(罗惠霞)1,‡

1School of Materials Science and Engineering, State Key Laboratory of Optoelectronic Materials and Technologies, Key aboratory of Polymer Composite &
Functional Materials, Guangzhou Key Laboratory of Flexible Electronic Materials and Wearable Devices, Sun Yat-Sen University, Guangzhou 510275, China

2Center for Neuron Science and Technology, School of Physics, Sun Yat-Sen University, Guangzhou 510275, China
3State Key Laboratory of Surface Physics and Department of Physics, Fudan University, Shanghai 200433, China

4Shanghai Research Center for Quantum Sciences, Shanghai 201315, China
5Key Laboratory of Functional Molecular Solids, Ministry of Education, College of Chemistry and Materials Science,

Anhui Normal University, Wuhu 241002, China
6College of Science, Hangzhou Dianzi University, Hangzhou 310018, China

(Received 16 November 2021; revised manuscript received 10 December 2021; accepted manuscript online 16 December 2021)

The relationship between charge-density-wave (CDW) and superconductivity (SC), two vital physical phases in con-
densed matter physics, has always been the focus of scientists’ research over the past decades. Motivated by this re-
search hotspot, we systematically studied the physical properties of the layered telluride chalcogenide superconductors
CuIr2−xAlxTe4 (0 6 x 6 0.2). Through the resistance and magnetization measurements, we found that the CDW order was
destroyed by a small amount of Al doping. Meanwhile, the superconducting transition temperature (Tc) kept changing with
the change of doping amount and rose towards the maximum value of 2.75 K when x = 0.075. The value of normalized
specific heat jump (∆C/γTc) for the highest Tc sample CuIr1.925Al0.075Te4 was 1.53, which was larger than the BCS value
of 1.43 and showed the bulk superconducting nature. In order to clearly show the relationship between SC and CDW states,
we propose a phase diagram of Tc vs. doping content.

Keywords: layered telluride chalcogenide, superconductivity, charge-density-wave, CuIr2−xAlxTe4

PACS: 74.70.Xa, 74.25.−q, 74.25.Dw, 71.45.Lr DOI: 10.1088/1674-1056/ac43b1

1. Introduction

The continuous suppression of metal–insulator (MI) tran-
sition, charge-density-wave (CDW) transition, magnetism,
etc. leading to the occurrence of superconductivity (SC) in
the proximity of such quantum states has garnered great in-
terest and widespread study in solid-state physics.[1–4] The
phase diagrams of unconventional high-temperature (high-
Tc) cuprates and iron-based superconductors exemplified such
phenomena.[5–11] Nevertheless, how SC emerges in these
high-Tc superconductors is intricate and remains extremely
puzzling. It is still essential to sort out the interplay between
the SC and the other quantum states, promoting further under-
standing of the mechanism of high-Tc superconductors.

Low-dimensional layered transition metal dichalco-
genides (TMDs) are other opportune material platforms for the
exploration of various quantum instabilities,[12–21] especially
the interplay between SC and CDW, in which the CDW order
refers to condensate with periodic modulations of the crys-
talline lattice and conduction electron density in real space.
Typically, the SC can be induced and a dome-shape supercon-
ducting phase diagram is formed upon suppressing the CDW
order,[22–27] which is highly similar to the phase diagrams
of unconventional high-Tc cuprates and iron-based supercon-

ductors. Despite overall phase diagram similarities, there are
significant differences especially between their mechanisms,
where unconventional high-Tc Fe-based and cuprate super-
conductors cannot be well explained by Bardeen–Cooper–
Schrieffer (BCS) theory but most of the TMD superconductors
can be explained by BCS theory. It has been generally consid-
ered that the collapse of CDW state accompanied by the im-
provement of superconducting transition temperature (Tc) is in
reference to the abrupt enhancement of density of states (DOS)
around the Fermi level N(EF) in the conventional supercon-
ductors owning to CDW state gaps out some regions of the
Fermi surface.[1,2] The formation of CuxTiSe2 (0 6 x 6 0.1)
from intercalating the Cu into 1T-TiSe2 exemplified a vivid
phase diagram in the TMDs family,[2] and further evoked the
continuous interest in searching for new superconductors in
TMD materials by gating, adding physical pressures, chemi-
cal doping or point contact method.[22–38] For example, Cu-
intercalation 2H-TaS2 forms CuxTaS2 (0 6 x 6 0.12) and dis-
plays an enhancement of Tc from 0.8 K (x = 0) to 4.5 K
(x = 0.04).[34] In addition, experiments show that the Tc of
WTe2 can be increased to 7 K under an applied physical pres-
sure of 16.8 GPa.[35] Moreover, manifold phase transitions
from MI to metal show in 1T-TaS2 thin flakes with collapses
of CDWs, and finally SC are induced by ionic gating.[36]
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Currently, CuIr2Te4, adopting a NiAs defected structure
of trigonal symmetry with the space group P-3m1, has been
found to exhibit the coexistence of the CDW-like transition
(TCDW = 250 K on heating and 186 K on cooling) and SC
(Tc = 2.5 K). Besides, recent electronic structure calcula-
tions have unveiled that the Fermi energy is mostly derived
from Ir 5d and Te 5p orbitals.[39] More recently, experiments
have documented that both CDW and SC performances of
CuIr2Te4 can be modified via 3d, 4d transition metals (e.g.,
Ti and Ru) and 4p, 5p dopants (e.g., Se and I). Dome-shape
phase diagrams with respect to Tc vs. doping amount asso-
ciated with the suppression of CDW have been found in the
CuIr2−xRuxTe4 and CuIr2−xTixTe4 systems, but dome-shape
diagrams crowded in the middle doping region with two CDW
regions at two sides in Se- and I-doped systems.[40–43] Fur-
thermore, the non-magnetic element Al is usually selected as
the dopant because Al3+ ion has a closed shell electron con-
figuration and a clear oxidation state. The transport proper-
ties of Al-doped high-Tc copper-based superconductors (e.g.,
SmBa2Cu3−xAlxO6+δ , YBa2Cu3−xAlxO7) have been widely
studied.[44,45] And nano Al has been used to improve the crit-
ical current in MgB2 superconductor.[46] Therefore, it will be
interesting to explore the effect of 3s dopants (e.g., Al) on the
CDW and SC in CuIr2Te4.

In this work, we prepared polycrystalline CuIr2−xAlxTe4

(0 6 x 6 0.2) compounds successfully by a solid-state reac-
tion method. Our results demonstrate that the CDW order
can be completely suppressed within a fine-tuned Al-doped
content as a result of the improvement of Tc. Tc initially in-
creases with the rise of doping amount until x = 0.075 and
reaches the highest value of 2.75 K, eventually forming a
dome-phase like electronic phase diagram. The acquisition
of the CuIr2−xAlxTe4 (0 6 x 6 0.2) system also provides some
enlightenment for the search of new superconductors.

2. Experimental methods
Synthesis Polycrystalline specimens of CuIr2−xAlxTe4

(0 6 x 6 0.2) were prepared through the classical solid-
state phase reaction. First, the Cu (99%, Alfa Aesar), Ir
(99.9%, Macklin), and Al (99.95%, Aladdin) powder, and
Te lump (99.999%, Alfa Aesar) with an element ratio of
Cu : Ir : Al : Te= 1 : 2−x : x : 4.05 were sealed in quartz tubes,
then they were put in a muffle furnace with the ramping rate
of 1 ◦C/min to 850 ◦C and the furnace temperature was main-
tained for 5 days. The resulting samples were annealed at 850
◦C for 4 days with a heating rate of 1 ◦C/min.

Instruments Powder x-ray diffraction (PXRD) MiniFlex,
Rigaku with Cu Kα1 radiation was used to examine the crystal
structure and phase purity of the CuIr2−xAlxTe4 (0 6 x 6 0.2)
compounds. FULLPROF software suite was used to determine
the cell parameters based on Thompson-Cox-Hastings pseudo-
Voigt peak shapes model. Measurements of the temperature-
dependence of electrical resistivity, specific heat, and mag-
netic susceptibilities (M(T,H)) were performed by a Dyna-
Cool Quantum Design physical property measurement system
(PPMS, Quantum Design, Inc.).

3. Results and discussion

The PXRD patterns of the CuIr2−xAlxTe4 compounds
are presented in Fig. 1(a). PXRD analysis shows that Al
concentration is limited up to 0.2 since Al2Te3 impurity
is found with further increasing Al content. As Al dop-
ing content increases, the (001) peak moves to the right,
which can be verified by the decrease of lattice constants a
and c with increasing x (Fig. 1(c)), reflecting the compres-
sion of the CuIr2Te4 unit cell. As illustrated in Fig. 1(c)
clearly, both lattice constants (a and c) and c/a singly re-
duce with increasing Al concentration. It is found that a and
c reduce from 3.9397(5) Å and 5.3965 (3) Å for the pris-
tine sample to 3.9264(1) Å and 5.3757(2) Å (x = 0.2) in
CuIr2−xAlxTe4, respectively. The detailed refinement of the
selected sample CuIr1.925Al0.075Te4 is displayed in Fig. 2(a).
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Fig. 1. (a) and (b) PXRD patterns of the CuIr2−xAlxTe4 (0 6 x 6 0.2) compounds. (c) The evolution of lattice constants for CuIr2−xAlxTe4 (0 6 x 6 0.2).
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Fig. 2. (a) Refinements of CuIr1.925Al0.075Te4 polycrystalline sample. (b) and (c) The crystal structure of CuIr2−xAlxTe4 in different direction views.
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CuIr1.925Al0.075Te4 sample under various applied magnetic fields. (d) Temperature dependence of Hc2 for the polycrystalline CuIr1.925Al0.075Te4 sample.

Most of the diffraction peaks have been indexed in terms
of trigonal symmetry with a space group P-3m1 (No. 164)
and some small peaks indexed for tiny unreacted Ir are also
detected. The illustration shows that the disordered trig-
onal structure, in which the Cu is inserted between two-
dimensional (2D) IrTe2 layers, Ir partial substituting by Al si-
multaneously (see Figs. 2(b) and 2(c)).

The temperature-dependent normalized resistivity
(ρ/ρ300 K) of the CuIr2−xAlxTe4 (0 6 x 6 0.2) compounds
is exhibited in Fig. 3(a). Besides, our previous finding in-

dicates that there is no structure transition for the pristine
sample. Thus, we propose that the normalized resistivity with
cooling and heating exhibits a distinct hysteresis associated
with the formation of CDW-like transition for the pristine
CuIr2Te4 sample. It is worth mentioning that no signature of
the abnormal hump can be observed above Tc in ρ/ρ300 K of
the Al doping samples CuIr2−xAlxTe4 (0 < x 6 0.2), indicat-
ing the CDW-like transition can be suppressed with subtle Al
substitution for Ir, companying with the increment of Tc. The
resistivity data for Al-doped samples show a metallic behavior.
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We can observe sharp drops of ρ(T ) for the CuIr2−xAlxTe4

(0 6 x 6 0.15) below 3.0 K (see Fig. 3(b)), which represent
the outset of the superconducting state. The transition width
of the Al-doped compounds is much narrower than that of the
pristine CuIr2Te4. The Tc and residual resistivity ratio (RRR
= R(300 K)/R(3 K)) of the CuIr2−xAlxTe4 (0 6 x 6 0.2) sam-
ples are summarized in Table 1. As the Al content increases,
both Tc and RRR increase to the highest value at x = 0.075,
then decrease for further Al doping. For 0.075 6 x 6 0.5, the
RRR sharply decreases form 4.44 for x = 0.075 to 2.342 for
x = 2.34. This phenomenon indicates that high Al content in-
duces significant disorder in the polycrystalline CuIr2−xAlxTe4

series.

Table 1. The Tc and RRR of CuIr2−xAlxTe4 (0 6 x 6 0.2) compounds.
The Tc is determined by using 50% normal state resistance criterion.

x Tc (K) RRR

0 2.50 4.149
0.05 2.74 4.367
0.075 2.75 4.444

0.1 2.72 4.115
0.125 2.71 2.865
0.15 2.41 3.846
0.2 2.342

To evaluate the superconducting properties of the
CuIr1.925Al0.075Te4 compound with the highest Tc in detail, we
have measured the resistivity under various applied magnetic
fields. Tc’s shift to lower temperature with the increasing ap-

plied field (see in Fig. 3(c)). The upper critical field µHc2(0) is
obtained from Werthamer–Helfand–Hohenberg (WWH) and
Ginzburg–Landau (GL) models. The upper critical field
µHc2(T ) values of CuIr1.925Al0.075Te4 at zero temperature
can be extrapolated by GL formula using the data deriving
from 10%, 50%, and 90% criteria of ρN (normal-state re-
sistivity). The GL formula is shown as follows: µ0Hc2 =

µ0Hc2(0)
∗ 1− (T/Tc)

2

1+(T/Tc)2 .[47] The µHc2(0) values of 0.235 T,

0.250 T, and 0.255 T for CuIr1.925Al0.075Te4 can be deter-
mined using the data 10%, 50% and 90% criteria of ρN, re-
spectively. Furthermore, we can acquire the µHc2(0) val-
ues of 0.180 T, 0.191 T, and 0.193 T for CuIr1.925Al0.075Te4

corresponding to the data 10%, 50%, and 90% criteria
of ρN, respectively, via using the WHH formula µHc2 =

−0.693Tc dHc2/dTc for the dirty limit SC.[48] The slopes,
dHc2/dT , are obtained from linear fitted CuIr1.925Al0.075Te4

sample for data 10%, 50% and 90% criteria of ρN. Addi-
tionally, we fit the Pauli limiting field (µHP(T )) by the for-
mula µHP(T ) = 1.86Tc, which is shown in Table 2. Then,
the Ginzburg–Landau coherence length ξGL(0) can be de-
rived from the equation φ0µ0Hc2(T ) = φ0/(2πξ 2

GL), where
φ0 represents the flux quantum. For example, ξGL(0) of
CuIr1.925Al0.075Te4 is calculated to be 40.4 nm via using 50%
criteria of ρN data based on WHH model. Table 2 summarizes
all the relative experimentally measured and estimated param-
eters.

Table 2. Comparison of physical properties of CuIr2Te4-based superconductors.

Compound CuIr1.925Al0.075Te4 CuIr1.925Ti0.075Te4
[33] CuIr1.95Ru0.05Te4

[32] CuIr2Te4
[31]

Tc (K) 2.75 2.84 2.79 2.50
γ (mJ·mol−1·K−2) 12.12 14.13 12.26 12.05
β (mJ·mol−1·K−4) 2.20 2.72 1.87 1.97

ΘD (K) 183.5(1) 170.9(1) 193.6(2) 190.3(1)
∆C/γTc 1.53 1.34 1.51 1.50

λep 0.66 0.64 0.65 0.63
N(EF) (states/(eV·f.u)) 3.13 3.67 3.15 3.10

µHc2 (T) (50% ρN WHH theory) 0.191 0.212 0.247 0.12
µHP (T) 5.12 5.28 5.24 4.65
µHc1 (T) 0.060 0.095 0.098 0.028

ξGL(0) (nm) (50% ρN WHH theory) 40.4 39.3 36.3 52.8

The superconducting transition has also been confirmed
by the magnetic susceptibility data (Fig. 4(a)) with strong dia-
magnetic signals under zero-field-cooling (ZFC) mode. The
superconducting volume fraction of the CuIr2−xAlxTe4 (0 6

x 6 0.15) compounds can be calculated around 95%, which
manifests high purity of the polycrystalline CuIr2−xAlxTe4

samples. Next, we examine the lower critical fields (µHc1)
by the field-dependent magnetic susceptibility M(H) measure-
ments in a temperature range of 2–2.6 K. Figure 4(b) presents
the magnetization (M–H) curves at different temperatures be-
low Tc of the representative CuIr1.925Al0.075Te4. As shown by

the purple line in Fig. 4(b), the M(H) isotherms show a lin-
ear relationship with the magnetic field (H) at low magnetic
fields, indicating that it is a type-II superconductor. We can ex-
tract the demagnetization factor (N) following the expression
N = 4πχV + 1, where χV = dM/dH represents the linearly
fitted slope. The calculated N for CuIr1.925Al0.075Te4 is about
0.53. We can use the expression Mfit = m+ nH to fit the ex-
perimental data at low magnetic fields, where m represents the
intercept and n stands for the slope of linear fitting from the
low magnetic field M(H) data. The inset of Fig. 4(c) displays
the (M–Mfit) data vs. H. Then, we can fit the µHc1(T ) by
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the expression µ0Hc1(T ) = µ0H∗
c1(T )/(1−N), where µ0H∗

c1
is the intersection point between the M–Mfit vs. H curves and
the field (purple line in the inset of Fig. 4(c)), which devi-
ates by ∼1% above the fitted data (Mfit) as customary. The
temperature dependence of µ0Hc1(T ) for CuIr1.925Al0.075Te4

is displayed in the main panel of Fig. 4(c). Consequently,
we can further acquire the µ0Hc1(T ) using the equation
µ0Hc1(T ) = µ0Hc1(0)(1− (T/Tc)

2). The estimated µ0Hc1(0)
at zero temperature of CuIr1.925Al0.075Te4 sample is 0.060 T,
which is larger than that of the undoped parent sample (see
in Table 2).
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To further convince that SC is an essential feature of the
highest Tc compound CuIr1.925Al0.075Te4, we also perform the
temperature-dependent specific heat measurement. Figure 5
illustrates the detailed characterization of the superconducting
transition in the highest Tc composition CuIr1.925Al0.075Te4

through specific heat measurements under the absence of mag-
netic field. The data Cp/T vs. T 2 can be fitted by the equa-
tion Cp = γT + βT 3 above the Tc to acquire the values of β

and γ being 2.20 mJ·mol−1·K−4 and 12.12 mJ·mol−1·K−2 for
CuIr1.925Al0.075Te4, respectively, where γT represents the sum
of electron contributions (Cel.) to the specific heat and βT 3 is
the sum of phonon contributions (Cph.). Figure 5(b) shows the
sum of electron contribution to the specific heat at the tem-
perature near the Tc under 0 T, where Cel. is easily derived
from deducting the phonon part, Cel. = Cp − βT 3. Appar-
ently, a sharp specific heat jump occurs in our representative
CuIr1.925Al0.075Te4, characteristic of bulk SC. The Tc further
can be determined to be 2.70 K using the common equal-area
entropy construction method, which agrees well with those ob-
served in magnetization and resistivity tests. Based on the Tc

and γ values, we can determine ∆Cel./(γTc) = 1.53, which is
slightly larger than the value of 1.43 forecasted by the BCS
theory, revealing its superconducting nature. The Debye tem-
perature obtained using the equation ΘD = (12π4nR/(5β ))1/3

is 183.5(1) K, where R represents the gas constant, n expresses
the number of atoms per formula unit. The resultant electron–
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phonon coupling constant λep value further estimated by intro-
ducing the ΘD number into the inverted McMillan equation[49]

λep =

1.04+µ∗ ln
(

ΘD

1.45Tc

)
(1−0.62µ∗) ln

(
ΘD

1.45Tc

)
−1.04

for CuIr1.925Al0.075Te4 is 0.66. Following the formula

N(EF) =
3

π2k2
B(1+λep)

γ , the λep and γ values can give the

electron density of states (DOSs) around the Fermi level
(N(EF)). The obtained N(EF) = 3.13 states/(eV·f.u.) for
CuIr1.925Al0.075Te4, is greater than that of pristine CuIr2Te4

((N(EF) = 3.1 states/(eV·f.u)). The enhancement of Tc may
be accompanied by the increment of the DOS states at the
Fermi energy in CuIr2−xAlxTe4 systems. As show in Fig. 5(b),
the specific heat data can be basically fit with the equation
Cel = Aexp(−∆/(kBT )). Due to the limitation of experimen-
tal conditions, the specific heat measurement did not measure
the lower temperature region. Nevertheless, the R2 value of
0.9998 shows that the data and the calculated curve are rea-
sonably consistent.

Finally, to further understand the effect of Al dopant on
the CDW and SC of CuIr2Te4, the electronic phase diagrams
plotted as Tc versus Al-content x have been established (see
Fig. 6). All the Tc values were obtained from the resistivity and
magnetization tests. From Fig. 6, we can find that the CDW or-
der is immediately suppressed while Tc increases with increas-
ing Al content up to x = 0.075 and rises towards the highest
value 2.75 K at x = 0.075. From this, we find that despite sub-
tle Al is substituted for Ir, it has a strong impact on the SC and
CDW. Besides, in contrast to our previously reported Ru/Ti-
doped CuIr2Te4 system, the similarity is the destabilization of
CDW upon small amount doping concentration no matter Ru,
Ti, or Al as dopants and formation of dome-shape like super-
conducting phase diagrams.[32,33] Despite overall similarities,
there are significant differences between the CuIr2−xRuxTe4,
CuIr2−xTixTe4, and CuIr2−xAlxTe4 systems. Substitution of Ir
by Ru or Ti in CuIr2Te4 corresponds to a “hole” (p-type) dop-
ing of the IrTe2 layers, while partial doping Al into Ir site in
CuIr2Te4 is an electron (n-type) doping. As for the high-Tc

cuprate superconductors, where the competition between anti-
ferromagnetism and SC develops as a function of chemical
doping, the evolving balance between competing electronic or-
ders in CDW/SC systems is one of their most fundamentally
tempting properties. In our case, the bands in the neighbor-
hood of the Fermi energy EF of the pristine sample CuIr2Te4

mostly come from Ir d and Te p orbitals and locate at a flat
plateau, in which Al doping acts as a chemical pressure, clos-
ing the gap on the Fermi surface that usually leads to rapid
suppression of CDW. On the other hand, the increase of band
filling of the Fermi surface under chemical pressure could be

the mechanism of the promotion of SC. But further study and
evidence need to be collected to find out the competition be-
tween CDW and SC.
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Fig. 6. The electronic phase diagram of polycrystalline CuIr2−xAlxTe4
(0 6 x 6 0.2) series.

4. Conclusion and perspectives
In conclusion, we have successfully synthesized a se-

ries of polycrystalline CuIr2−xAlxTe4 (0 6 x 6 0.2) samples
via a solid-state method and systemically studied the effect
of Al doping on the structure and electronic properties of
CuIr2Te4. The ∆Cel./(γTc) = 1.53 for the highest Tc sample
CuIr1.925Al0.075Te4 is slightly larger than 1.43 (BCS value),
proving its bulk superconducting nature. We recognize that
the CDW order is suppressed immediately while Tc increases
as Al doping amount x rises and achieves a maximum Tc =

2.75 K with Al doping content of 0.075. Our systematic study
of CuIr2−xAlxTe4 (0 6 x 6 0.2) not only extends the family
of the TMD superconductors but also provides a platform for
further research on the relationship between the CDW and SC.
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