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a b s t r a c t 

We investigate the hydrostatic pressure dependence of interfacial superconductivity occurring at the 

atomically sharp interface between two non-superconducting materials: the topological insulator (TI) 

Bi 2 Te 3 and the parent compound Fe 1 + y Te of the chalcogenide iron-based superconductors. Under pres- 

sure, a significant increase in the superconducting transition temperature T c is observed. We interpret 

our data in the context of a pressure-induced enhanced coupling of the Fe 1 + y Te interfacial layer with the 

Bi 2 Te 3 surface state, which modifies the electronic properties of the interface layer in a way that super- 

conductivity emerges and becomes further enhanced under pressure. This demonstrates the important 

role of the TI in the interfacial superconducting mechanism. 

© 2017 Elsevier B.V. All rights reserved. 
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1. Introduction 

Topological insulators (TI) have been a hot research topic

since predicted and discovered in 2007 [1,2] . The novel three-

dimensional TIs, e.g. Bi 2 Te 3 and Bi 2 Se 3 , own strong topological sur-

face states with helical Dirac fermions, protected by time-reversal

symmetry. Meanwhile, interfacial superconductivity also attracts

intense interest from both theorists and experimentalists in vari-

ous materials [3–5] . By combining a TI with an s-wave supercon-

ductor, the proximity effect at the surface states of TI has been

studied, suggesting the existence of a topological superconductor,

which may hold Majorana fermionic states [6] . This idea has trig-

gered a search for Majorana fermions [7,8] , which are of high in-

terest for future applications in quantum computation [9] . 

We have recently reported a novel Bi 2 Te 3 /Fe 1 + y Te het-

erostructure, which exhibits interfacial superconductivity at an

atomically-flat van-der Waals-bonded boundary between the non-

superconducting parent compound Fe 1 + y Te of the ‘11’ iron-based

superconductor family and the non-superconducting topological

insulator Bi 2 Te 3 [10] . In this heterostructure, the TI surface state
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s combined with the electronic complexity of the iron-based

halcogenide materials, resulting in a complex interfacial supercon-

ucting state. The interface exhibits all characteristic fingerprints

f two-dimensional (2D) superconductivity with a Berezinski–

osterlitz–Thouless (BKT) transition below the resistive onset crit-

cal temperature ( T c °nset ). In addition, a square-root or linear tem-

erature dependence of the parallel and perpendicular upper crit-

cal field lines, respectively, was observed, which follow the 2D

inzburg–Lanudau theory for a superconducting thickness of 7 nm.

hile a pure Fe 1 + y Te film does not show any sign of supercon-

uctivity, with a Bi 2 Te 3 film coated on the Fe 1 + y Te the thin inter-

acial layer of the heterostructure becomes superconducting start-

ng from one quintuple layer (QL) thickness of the TI. The T c °nset 

ncreases with further Bi 2 Te 3 thickness until it saturates at about

2 K for thicknesses exceeding 5 QLs. Since 5 QLs has been re-

orted to represent the lower thickness limit of Bi 2 Te 3 in order

o fully develop a topological surface state [11,12] , the dependence

f T c °nset on the number of QLs suggests that the TI surface state

ikely plays a crucial role for the emergence of the interfacial su-

erconductivity. In addition, it has been reported that at the in-

erface between Bi 2 Te 3 and Fe 1 + y Te the magnetic ordering of the

atter compound is altered so that the iron magnetic moments or-

er out of plane and thus perpendicular to the interface [13] . How-

ver, the superconducting mechanism remains unknown. The com-

lexity of the superconducting gap structure, as observed in our

revious point contact spectra [14] with multiple superconduct-

ng gaps, a pronounced pseudogap up to 30 K above T c °nset , and
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Fig. 1. The temperature dependent resistance measurement under pressures up to 

5.91 kbar. The temperature T o where the resistance reaches zero is enhanced from 

4.0 K to 12.3 K by applying pressure, while the peak located at T c °nset is suppressed 

thus shifting the onset of the critical temperature up to 20 K at the highest pres- 

sure. T SDW 

marks approximately the transition below which the antiferromagnetic 

spin density wave is formed. The inset shows the pressure evolution of the critical 

temperatures T o (where zero resistance is reached) and T c °nset . The open square is 

T o after the pressure was released at the end of the experiment. 
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 robust zero bias conductance peak, suggest a complex and pecu-

iar superconducting pairing mechanism. In addition, it is unclear

hether the highest critical temperature observed for more than

 QLs thickness of Bi 2 Te 3 can be further increased, for example by

pplication of hydrostatic pressure. 

High pressure has been known to be a powerful technique to

nduce superconductivity [15] and to modify the lattice structure

r the charge carrier concentration [16,17] . This allows experiments

n which an unconventional (e.g. iron-based) superconductor is

uned by pressure through its phase diagram using a single stoi-

hiometric sample without introducing any crystalline disorder. In

his article, we report data of electrical resistivity under the in-

uence of hydrostatic (He-gas) pressure. A clear enhancement of

oth T c °nset and the temperature T o where zero resistivity is estab-

ished is observed in the resistance as the pressure increases up to

.9 kbar. In addition, a sharp resistivity peak that occurs just above

 c °nset observed at ambient pressure is suppressed. The data are

nterpreted as a pressure-induced enhancement of the electronic

nteraction between the FeTe layer at the interface with the topo-

ogical surface state of Bi 2 Te 3 . 

. Experimental details 

The heterostructure studied in this work was synthesized in a

G-V80H MBE system. A featured thickness of 9 quintuple layers

9 nm) of Bi 2 Te 3 was capped onto the Fe 1 + y Te layer (140 nm). The

atter was grown on top of a ZnSe buffer layer (50 nm) deposited

n the GaAs (001) semi-insulating substrates. Further details on

he sample growth, morphology and characterization can be found

n He et al. [10] . 

The electrical resistance measurements were conducted in a he-

ium cryogenic Janis Supervaritemp bath cryostat using the stan-

ard four-probe method with an AC current of 0.1 μA at 77 Hz. The

ample voltage was amplified by a Stanford Research SR554 trans-

ormer preamplifier and fed into an SR830 DSP lock-in amplifier.

ach sample was cut into the form of a long strip and silver paint

as used to fabricate electrodes on the top surface of Bi 2 Te 3 . Since

he silver paint is known to quickly diffuse into Bi 2 Te 3 [18,19] , our

lectrodes should contact the entire TI layer, as well as a part of

he Fe 1 + y Te layer below. Thus, we are effectively probing both lay-

rs simultaneously. 

To generate the pressure up to 7 kbar a He-gas compressor

Harwood Engineering) was connected to a CuBe helium gas pres-

ure cell (Unipress, Warsaw) via a long capillary. With the sample

ealed inside, the CuBe pressure cell was immersed in the liquid

elium bath cryostat. The pressure values displayed in this article

ere measured using a digital manganin gauge at ambient tem-

erature. At pressures below the freezing point of helium a correc-

ion was made using known helium isochores to obtain the slightly

ower values of the pressure at 4 K. In this experiment the pressure

as only changed at ambient temperature. Further details of the

igh-pressure experiment can be found in Hillier et al. [20] . 

. Results 

Fig. 1 . shows the temperature-dependent resistance of the

i 2 Te 3 /Fe 1 + y Te heterostructure (9 QLs) on a logarithmic temper-

ture scale. Data at ambient pressure have been reported previ-

usly in Ref. [10,14] . Upon cooling from 295 K, the resistance is

ominated by the bulk Fe 1 + y Te, which effectively shunts the much

hinner interface layer. It displays the characteristic insulator-to-

etal transition in form of a maximum located at 76 K, character-

stic for Fe 1 + y Te with a rather high excess iron content [21] . This

ransition is well-known to originate from the antiferromagnetic

ouble-stripe spin density wave (SDW) ordering in bulk Fe 1 + y Te

22] , and the corresponding characteristic temperature is noted as
 SDW 

. Note that Fe 1 + y Te does not exist in a stoichiometric form

FeTe), but always contains excess iron in the form of interstitial

ons. In our heterostructure the value of y is 0.15 ± 0.02, as indi-

ated by scanning transmission electron microscopy [10] . 

Upon further cooling the ambient pressure resistance goes

hrough a minimum at 24 K, followed by a sudden increase with

 sharp maximum at around 12 K, denoted as the onset T c ( T c °nset ),

hen a superconducting transition is clearly seen as the resistance

rops gradually to zero at T o . This dramatic peak at T c °nset is also

ypical for Fe 1 + y Te with high excess iron [21] , and likely origi-

ates from scattering on the interstitial iron magnetic moments

n the bulk Fe 1 + y Te layer. The superconducting transition has been

emonstrated to be restricted to a 7-nm-thin planar region in the

icinity of the interface [10] . The resistance of the heterostructure

s actually represented by three resistances in parallel: the thick

ulk Fe 1 + y Te layer, the interface layer and the Bi 2 Te 3 layer. Above

he superconducting transition onset the interface is normal con-

ucting and the total resistance will be dominated by the much

hicker bulk Fe 1 + y Te layer. Below the superconducting onset the

uperconducting interfacial layer will then shunt the Fe 1 + y Te and

i 2 Te 3 layers. 

Upon application of pressure up to 5.9 kbar it is obvious that

ressure decreases the overall Fe 1 + y Te normal state resistance and

uppresses the steep resistance increase just above T c . In addition,

he superconducting transition of the interface is clearly enhanced

nd both, T c °nset and the zero resistance temperature T o are in-

reased. This is illustrated in the inset of Fig. 1 , where both T c °nset 

nd T o are plotted against the applied pressure. Note that pure

e 1 + y Te is not superconducting under hydrostatic pressure condi-

ions [23] , therefore the superconductivity is attributed at all pres-

ures to the interface layer. It has been demonstrated previously

hat the finite transition width of the superconducting transition at

mbient pressure is a consequence of the 2D nature of supercon-

uctivity, and well described by a BKT transition with additional

nite size effects that can significantly alter the transition width

10] . In addition, the transition width increases drastically when

he heterostructures are stored under protective nitrogen gas for
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several months, which has been found to be intrinsic and not due

to a deterioration in the sample quality [24] . This effect is likely a

consequence of an ordering processes of the interstitial iron ions,

and we will provide further evidence in this paper. The latter is

the case for the investigated heterostructure, which enters a zero-

resistance state only below T o = 4 K where the superconductor be-

comes globally phase coherent. However, its normal state proper-

ties and the transition onset are identical to those previously re-

ported [10,14] . The peak above T c °nset is much lowered and almost

flattened with a pressure of 3.9 kbar, then it disappears at 5.9 kbar

together with a sudden displacement of T c °nset up to 20 K. Mean-

while, T o increases to 11.6 K at a pressure of 2.13 kbar and reaches

T o = 12.3 K at 3.9 kbar. 

4. Discussion 

Above the superconducting transition temperature, the electri-

cal transport of the heterostructure is largely dominated by the

140 nm thick layer of bulk Fe 1 + y Te. The normal state resistivity

at ambient pressure agrees well with literature data [10,14] for

a similar large value of y = 0.15 ± 0.02 as in our heterostructure,

which shows a rather continuous insulator – metal transition in

form of a resistivity maximum around 76 K at ambient pressure,

instead of the sharper first-order resistivity jump for smaller y val-

ues. The upturn of the resistance below ∼20 K, which leads to the

peak just above T c °nset , was also observed for such samples and at-

tributed to the magnetic scattering of the charge carriers on the

interstitial iron moments [21] . The paramagnetic high tempera-

ture insulating phase is almost unaffected by pressure, while the

antiferromagnetically-ordered low-temperature metallic phase be-

comes more metallic. Due to the latter behavior, it is difficult to

estimate the pressure dependence of T SDW 

. It appears to be almost

unaffected by pressure, although it has been reported that in bulk

Fe 1 + y Te the pressure decreases T SDW 

[23] . 

For bulk Fe 1 + y Te hydrostatic pressure is not known to induce

superconductivity. In our heterostructure interfacial superconduc-

tivity with the maximum ambient pressure T c occurs only in sam-

ples with a Bi 2 Te 3 coating that exceeds the critical thickness re-

ported to be required to completely develop the topological surface

state [11,12] . The origin of the pressure-induced T c enhancement is

not to be expected in the FeTe layer alone, but it must include both

the FeTe and Bi 2 Te 3 interface layers. At the interface, the antiferro-

magnetic order of FeTe may be changed in a manner favorable for

superconductivity. In addition, it has been reported that pressure

has a strong influence on the topological surface states of Bi 2 Te 3 
[25] , although it remains unclear how this can lead to an enhance-

ment of the interfacial superconductivity. The main effect of hydro-

static pressure is certainly to push the different layers in the het-

erostructure closer together, thereby reducing the anisotropy and

increasing the electronic coupling between the layers. This also ap-

plies to the coupling between the interfacial FeTe and Bi 2 Te 3 lay-

ers, so that the influence of the surface state on the interface re-

gion can become more important. Although the mechanism of how

this interaction with the surface state causes superconductivity re-

mains unclear, a strengthening of the interaction may explain the

T c increase. 

The pronounced peak above T c °nset is quickly suppressed by ap-

plication of pressure. The scattering of charge carriers on intersti-

tial iron is therefore strongly suppressed and a more metallic trend

emerges. We have previously shown that the interstitial iron cou-

ples magnetically to the iron moments in the Fe 1 + y Te layers [26] .

The disappearance of the peak suggests that the magnetic mo-

ments of the interstitial iron become more ordered, probably as a

result of a stronger coupling to the antiferromagnetically ordered

iron moments within the FeTe layers. Another possibility is that

the pressure induces a spatial ordering, or a kind of clustering of
he interstitial iron. This is illustrated by the dramatic sharpening

f the superconducting transition under pressure. The interstitial

ron likely plays an important role in determining the normal con-

ucting ground state of Fe 1 + y Te. It provides strong pair breaking

agnetic moments, and it also acts as a dopant [27] . Apart from

his, a pressure-induced ordering can suppress the finite-size ef-

ect, which causes the broadening of the 2D Berezinski–Kosterlitz–

houless transition [10] . The pressure-induced ordering or cluster-

ng of the interstitial iron could reduce the finite-size effect, result-

ng in the sharper transition. This is further supported by the fact

hat both the T c °nset and T o remain higher than their initial values

fter releasing the pressure at the end of the experiment. 

. Conclusions 

In summary, we measured the electrical resistivity on the novel

nterfacial superconductor Bi 2 Te 3 /Fe 1 + y Te under the influence of

ydrostatic pressure. The temperature T o at which the zero resis-

ance is established is increased from 4.0 K to 12.3 K with pres-

ure rising from ambient conditions to 5.91 kbar. The observed

ressure-induced increase in T c is attributed to an enhancement

f the electronic-coupling between the FeTe interface region and

he topological Bi 2 Te 3 surface state, although it remains unclear

ow the presence of the topological surface state causes the emer-

ence of interfacial superconductivity. A local suppression of the

ntiferromagnetic SDW order that makes way to a superconducting

round state at the interface may represent a good candidate. In

ddition, we observed a dramatic sharpening of the resistive super-

onducting transition as well as a suppression of magnetic scatter-

ng above, ascribed to the pressure-induced ordering or clustering

f interstitial iron in the Fe 1 + y Te layer. Our experiments demon-

trate the important role of the TI layer in the mechanism of inter-

acial superconductivity. 
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