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1 Atomic force microscope images

The lattice constants of BaFy, PbTe and ZnTe are 0.6200 nm, 0.6462 nm and 0.6101 nm
respectively. The reason for choosing BaF, as substrates for PbTe epilayer is that their
lattice constants and thermal expansion coefficients are close, so that the serious strain issue
is avoided.5!"2 The atomic force microscope (AFM) image of PbTe epilayer demonstrates
the very smooth surface with clear terrace structrues caused by spiral growth>? and root
mean square roughness (RMS) as small as 0.374 nm, as shown in Fig. Sl(a). Therefore,
the PbTe epilayers are of high perfection. Because of the relatively large lattice mismatch
between PbTe and ZnTe, the following ZnTe overlayers are not as smooth as PbTe layers.
The surface RMS of ZnTe overlayers is 5.825 nm, as displayed in Fig. S1(b). However, the
most crucial part for the PbTe/ZnTe heterostructure is the layers near the interface, and from
the view of epatixy growth mechanism, the first few layers of ZnTe are supposed to adjust
themself to match with the PbTe lattice. After stacking ZnTe for about several nanometers,
the layers tend to recover to the ZnTe lattice constant due to strain accumulation, which

leads to the relatively rough surface of ZnTe overlayer.
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Figure S1: Surface morphology of (a) PbTe epilayer and (b) ZnTe overlayer characterized
by AFM. The RMS roughness is denoted.
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2 Forming Ohmic contact on PbTe/ZnTe heterostructure

To probe the transport properties of the conductive layer at the interface of PbTe/ZnTe
heterostructure, the electrodes must be connected to the channel between PbTe and ZnTe,
and the contact must be guaranteed to be Ohmic contact. We choose Cu to make electrodes
via thermal evaporation, and with appropriate annealing process Cu can penetrate the thin
ZnTe capping layer (~ 50 nm) to reach the conductive channel because Cu is a mobile element
that is prone to diffuse, which has been well studied in the field of solar cell back contact.?
Furthermore, as presented in Fig. S2, the Cu-contacted PbTe/ZnTe heterostructures exhibits
linear I-V characteristic for small current levels, which means no rectifying behaviour and

indicates the formation of low-resistance Ohmic contact.
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Figure S2: The I-V characteristic of PbTe/ZnTe heterostructure with Cu electrode forming
Ohmic contact.
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3 Bonding configuration of PbTe /ZnTe interfacial Te atoms

The crystal structures of PbTe and ZnTe are rock-salt and zincblende. In ZnTe, each Te
atom has 4 nearest neighbour, which are Zn atoms. Therefore, as shown in Figure S3(a),
each Te atom is bonded with 4 Zn atoms. Taking the four Zn atoms as vertices, we will
obtain a regular tetrahedron. In the case of PbTe, each Te atom has 6 nearest neighbour,
which are Pb atoms, so the Te atom is bonded with 6 Pb atoms, as shown in Figure S3(b).
Taking the six Pb atoms as vertices, we will obtain a regular octahedron. However, in the
PbTe/ZnTe(111) heterostructure, the interfacial Te atoms are shared by PbTe and ZnTe.
Therefore, the interfacial Te atoms keep the tetrahedron bonding configuration with the ZnTe
side, and keep the octahedron bonding configuration with the PbTe side. Consequently, each
interfacial Te atom is bonded with 3 Zn atoms and 3 Pb atoms, as depicted in Figure S3(c).
The model of PbTe/ZnTe(111) heterostructure is shown in Figure S3(d).

4 Bandoffset determined by XPS

The X-ray photoelectron spectroscopy (XPS) has been used to investigate the band offset
at many heterostructures. 555 We present an experimental determination of the PbTe/ZnTe
valence band offset (VBO) by XPS, and then the conduction band offset (CBO) is calculated
from the obtained VBO value. Tab. S1 lists the values of core levels (CLs) and valence band

maximum (VBM) by XPS spectrum fitting.

Table S1: The values of CL peaks and VBMs obtained from XPS spectra.

Sample State Binding Energy (eV) Energy difference (eV)

PbTe Pb s 18.05 18.34
VBM -0.29

/n'Te Zn 3d 10.10 9.98
VBM 0.12

PbTe/ZnTe Pb 5d5,, 18.09 -8.07
Zn 3d 10.02
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Figure S3: (a) Each Te atom in ZnTe is bonded with 4 Zn atoms forming a tetrahedron. (b)
Each Te atom in PbTe is bonded with 6 Pb atoms forming a octahedron. (c) Each interfacial
Te atom is bonded with 3 Pb atoms in PbTe side and 3 Zn atoms in ZnTe atoms.(d) The
ball-stick model of the PbTe/ZnTe(111) heterostructure cross section.
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5 Infrared photoresponse measurements
5.1 Responsivity spectrum
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Figure S4: The IR photoresponse spectrum measurement system.

The photoresponse spectra are measured in a custom-built infrared (IR) photoresponse
spectrum test system. The schematic diagram of the system is shown in Fig. S4. We adopt a
blackbody IR light source in the measurement, the light of which is then modulated by a light
chopper. Following the light chopper, a grating monochromator module covering a wave-
length range from 1 pm to 10 pwm is utilized to realize wavelength-resolved response spectrum
measurement. After the monochromator, there are a series of optical filters corresponding
to certain wavelength ranges, which are used to guarantee only the specific wavelength of
light get through. The photodetector is mounted in a metal box screening the environmen-
tal light, and the incident illumination from the aforementioned monochromator module is
shot on the detector. The photoresponse current/voltage signals could be collected through
the wires connected to the electrodes. Because the incident light is modulated signal, we
could use the standard lock-in amplifier to pick up the output signal. In our experiment, the

incident light is chopped at a rate of 400 Hz.
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Because the light intensity distribution is not uniform over the wavelength span, the as-
measured photoresponse spectra cannot represent the standard responsivity of the detec-
tors. To normalize the measured spectra, a standard commercial IR photodetector, whose
standard responsivity spectrum data are known, is measured in our test system, and then
the light intensity distribution can be obtained from the ratio of the measured and standard
spectra of the commercial detector, enabling us to normalize the measured photoresponse

spectra of our detectors.

5.2 Impulse photoresponse
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Figure S5: (a) The pulsed photoresponse measurement system. (b) Typical impulse pho-
toresponse sequence under the illumination of a pulsed laser with single pulse duration on
femtosecond timescale.

A pulsed laser source was used in the measurement of impulse photoresponses, with the
duration of a single pulse on the femtosecond timescale and the repetition rate at 100 kHz.
A high-speed amplifier with the bandwidth of 200 MHz and an oscilloscope were employed
to single out the output signal. The schematic diagram of the measurement system is shown

in Fig. S5(a) and a typical observed impulse sequence of photoresponse is displayed in Fig.

S5(h).
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