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Abstract
Weaddress the controversy over the proximity effect between topologicalmaterials and high-Tc
superconductors. Junctions are produced between Bi2Sr2CaCu2O d+8 andmaterials with different
Fermi surfaces (Bi2Te3andgraphite). Both cases reveal tunneling spectra that areconsistent with
Andreev reflection. This is confirmed by amagnetic field that shifts features via theDoppler effect.
This ismodeledwith a single parameter that accounts for tunneling into a screening supercurrent.
Thus the tunneling involves Cooper pairs crossing the heterostructure, showing thatthe Fermi
surfacemismatch does not hinder the ability to form transparent interfaces, which is accounted for by
the extended Brillouin zone and different lattice symmetries.

1. Introduction

Potential novel optical devices [1, 2] and non-abelian anyons [3–8] have reinvigorated interest in the
superconducting proximity effect. Various approaches to high-temperature superconducting proximity have
claimed success [9–17], including the recent report of a proximity effect between Bi2Sr2CaCu2O d+8 andBi2Se3
or Bi2Te3 [18, 19], via themechanical bonding technique. Using thin films andARPES, another group has
claimed such interfaces result in an s-wave superconductor in the surface states [20]. One theoretical study has
suggested that this is due to amismatch in the crystal symmetries [21], though another finds that the d-wave
channel is dominant [22]. Two other thinfilm/ARPES studies suggest the proximity effect is not possible due to
the Fermi surfacemismatch, whichsuppresses the interface transparency [23, 24].

We test this hypothesis with tunneling experiments on junctions betweenBi2Sr2CaCu2O d+8 (Bi-2212) and
Bi2Te3 or graphite in amagnetic field. These van derWaalsmaterials are chosen as they formmechanical
junctions with different Fermi surfaces. The Bi2Te3 is hole-dopedwith a Fermi surface close to theΓ point [25],
whereas graphite is a semimetal with pockets close to the zone boundary (see figure 1(c)) [26]. By establishing
Andreev reflection and proximity, we show that our original efforts, whichfocused onsimilarmaterials (Bi2Te3
andBi2Se3), are not a special case. The ability to obtain Andreev reflection despite the Fermi surfacemismatch is
explained by considering the extended zone scheme, which is where the Fermi surfacesmeet.

The heterostructure is probed using differential conductance (dI/dV ) to look for Andreev reflection, which
is the process where a quasiparticle converts into aCooper pair and travels from the normalmaterial into the
superconductor (see figure 1(a)). Andreev reflection is responsible for the proximity effect and is a stringent test
of a transparent interface [27–30]. Inmetals with no attractive potential, one expects [31]and observes [32] a
pair amplitude that can result in aminigap, whose size depends on the device geometry and superconducting
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phase of the contacts. In confined devices, with two superconductors separated by a normalmaterial, Andreev
reflection can produce anAndreev bound state(nABS) inside the normal region [32–36]. The nABS can
ultimately lead to a supercurrent inside such devices.We do not expect the nABS to be relevant here aswe form
planar junctionswith only one superconductor. Furthermore, since both Bi2Te3 and graphite have been shown
to superconduct with applied pressure or doping [37, 38], theymust have existing pairing potentials, and thus
can hold a proximity effect without the need to invoke the nABS. As described later, themagnetic field
dependence of our spectra is inconsistent with previousmeasurements of nABS or induced pair amplitudes
without a corresponding proximity effect (i.e. asuperconducting order parameter).

2. Experimental details

Wemeasured numerous devices with either a high or lowbarrier. In high-barrier devices we observe tunneling
spectra that are consistent with thosemeasured in previous planarjunctions, pointcontacts or STM
experiments (see figure 2(b)) [ 39–46]. In addition, they are well described by an accepted theory of tunneling
into the c-axis of a d-wave superconductor [30, 42], with the correct value of the superconducting gap (40meV).
In both Bi2Te3 and graphite heterostructures with lowbarriers, the conductance is enhanced belowTc, which
isconsistent withAndreev reflection in a proximity-induced region. This interpretation is further confirmed by
the application of amagnetic field, which generates supercurrents. Tunneling into these supercurrents shifts the
momentumof the quasiparticles and ultimately their energy. Since this only occurs forsuperconducting
quasiparticles, the observation of theDoppler effect confirms the presence of Andreev reflection, as established
in numerous theoretical and experimental works [44, 45, 47–57].

TheDoppler effectmanifests itself as a shift in the Andreev features to lower voltages. This is seen in Bi2Te3
and graphite junctions, confirming that they are not due to the normalfield dependence of thematerial. Due to
the large size of our devices and the application of the field in the ab-plane, we expect effectively randomor no
observable shift in ABS. All field-dependent spectra arewell described by including theDoppler shift in a
previously establishedmodel of the Andreev reflection for proximity junctions. Furthermore, no hysteresis or
splitting of any features is observed, as had been seen in previousmeasurements of ABS due to the sign change at
the 110 surface of Bi2Sr2CaCu2O d+8 (dABS) [40, 42]. Taken together, our results confirm theAndreev reflection
betweenBi2Sr2CaCu2O d+8 and the normalmaterials, implying the relative alignment of the Fermi surface is not
crucial in these heterostructures. This likely occurs due to the different lattice symmetries, whichallowthe
Fermi surfaces to overlap in the extended zone (see figure 1(c)).

To formplanar junctions between the normalmaterial and Bi-2212 (Tc∼90K)we employed the
mechanical bondingmethod as described in references [18, 19].Bothmaterials werecleaved in an inert glove
box, then the Bi-2212was placed on top of the Bi2Te3 or graphite, andGE varnishwas applied to thecorners of
the Bi-2212(figure 2(c)). Four-point transportmeasurements were performed at various temperatures ranging
from290K–10K. To further clarify the nature of the interface we performed extensive AFMon the cleaved
surfaces. The Bi-2212 had extremelylarge,flat areas, whereas the Bi2Te3 and graphiteproduced step edges with
atomicallyflat regionswhichweretypically tens ofmicrons across (figure 2(e)). Some regions showedmesas
jutting out (figure 2(d)). Given the geometry of our devices, this suggests that the tunneling is along the c-axis of
bothmaterials, and occurs at planar junctions formed by thesemesas touching the Bi-2212. The dI/dVwere
highly reproducible regardless of thefield, temperature orvoltage approach taken. To confirm that the dI/dV
spectra originate from the junction, for every device we checked different sets of contacts and different
combinations of them.Devices where the spectra were not reproducible between different contact sets were

Figure 1. (a)TheAndreev reflection process at the superconductor-normal interface without amagneticfield. (Red) the order
parameter,D0 the bulk superconducting gap,Dr the gap at the surface, andDi the induced gap. (b)The affects of the applied
magnetic field. (c)The Fermi surfaces in the extended Brillouin zone; thedotted lines are the boundaries of the zones, and thesolid
lines are the Fermi surfaces, with black Bi-2212, red graphite, and orange Bi2Te3.

2

New J. Phys. 19 (2017) 043026 PZareapour et al



notconsidered. This confirms that the tunnelingdirectlyprobes the interface between thematerials, whereas
previous experiments probed the top surface [20, 22–24].

The features we observedmight not have arisenfrom tunneling given the large contact area.However, it is
well established thatsuperconductivity occurs within theCu-Oplane, while the outer layers of the
Bi2Sr2CaCu2O d+8 insulateBi-O and Sr-O, enabling interlayer Josephson junctions and tunnelingwithin a
single crystal [39]. Thuswe speculate that the Bi-O layer forms atunnel barrier with the normalmaterial
enabling the dI/dV to provide spectra. The large contact area also suggests scattering on either side could
occlude the observation of tunneling. This is not the case for our junctions, as shown by the high-barrier device
(figure 2(a)). Consistent with previous experiments and the d-wave gap [39–46], we see a v-like shape at a lowT
that is graduallyfilledas the temperature is raised. Furthermore, the data iswell described by the standard
approach to d-wave tunneling onthe c-axis, producing a proper gap at 40mV [30, 41, 42]. Thefit required a
broadening parameter G » 1 4 meV, whichwasmuch smaller than any of the features observed. This is
likely due to the largemobilities of the normalmaterials used and the c-axis nature of the tunneling, reducing the
likelihood of scattering.

Confirmation that none of themeasured features arise fromwithin thematerials is provided by extensive
measurements of various contact configurations and application of themagnetic field. Four-point and two-
pointmeasurements on only one side of the junctionwere independent of voltage,and thereported features
were only observedwhen the current and voltage weremeasured across the interface. Two-pointmeasurements
on one side of the junction resulted in resistances W1 10 at lowT. Swapping the current and voltage leads on
the normalmaterial only produced a slightvoltage-independent offset of a fewΩ, while high-barrier devices had
resistances> W1 k and the low-barrier junctions had » WV Id d 100 , confirming that the voltage drop
primarily occurs at the interface. Further confirmation of the voltage independence of thecontribution of the
material is shown infigure 2(b), wherewemeasured the response from another high-barrier junction between
graphite and Bi-2212 at 10 K in various appliedmagnetic fields (similar results were observedwith Bi2Te3).

Figure 2. (a) dI/dVnormalized to its value atTc from a high-barrier Bi2Te3 junction. The purple line shows thefit with an energy-
independent lifetime and amaximumgap of 40meV. (b)Ahigh-barrier junctionwith offsets due to extra resistance in the graphite
upon applying an in-planemagnetic field every Tesla from0 (blue) to 5T (orange). (c)A schematic of the device indicating thatthe c-
axis of thematerials is normal to the interface. (d) and (e)TheAFM from the cleaved surface of Bi2Te3 revealing atomicallyflat
regions, with some raisedmesas and step edges; thecolor bar indicates the height in nm.

3

New J. Phys. 19 (2017) 043026 PZareapour et al



Consistent with the STMmeasurements, wefind nofield dependence of the spectra [41], and a slightvoltage-
independent offset due to the graphitemagneto-resistance.

3.Model

Tounderstand the dI/dV from the low-barrier junctions, we reviewwhat is expected, observed in proximity
devices by tunneling [18, 19, 29, 58–61] and confirmedwithARPES [62]. The superconducting order parameter
is induced into the normalmaterial by the conversion of a quasiparticle current into a supercurrent via Andreev
reflection. This involves an electron crossing the interface by forming aCooper pair, resulting in thedoubling of
conductance (figure 1(a)). In less transparent interfaces, the conductance at zero bias is smaller than two and the
shape atfinite voltage is altered [30, 60]. Thewidth of the zero-bias featurereflects the full gap of the
superconductor. However, if superconductivity is induced in the normalmaterial, thegap of the
superconductor is reduced at the surface. Thuswe define an induced (Di) and reduced gap (Dr) at the interface
(figure 1(a)).

Since the Andreev reflection into the induced gap occurs in the normalmaterial without aphysical barrier,
for < DV i the normal quasiparticle is converted to aCooper pair at the interface between the normal and
induced superconducting regions, at which point it can easily travel into the superconductor. Thus

- D( )I V Vd d i will resemblewhat isexpected for a low-barrier contact. ForD < < DVi r the normal quasi-
particles nowmake it all theway to the real barrier, where theywill Andreev reflect into the reduced gap region of
the superconductor—albeit with afinite barrier—producing peaks at » DV r . If the region over which the
reduction in the gap of the superconductor is small, then normal quasiparticlesmay also tunnel into the full gap
of the superconductor (D0), resulting in a peak in dI/dV at = DV 0. It should be noted that in a real system, one
must also account for the evolution of thewavefunctions and potentialmultiple reflections. Numerical
calculations in s-wave [63] and in d-wave [64] proximity junctions confirmthis picture. Thus the induced and
reduced gaps produceAndreev features in the dI/dV that are tell-tale signs of the proximity effect
[18, 19, 29, 58–62].

The observed features are reproduced bymodifying a standard approach to tunneling into d-wave
superconductors [30, 60, 63, 64]. Specifically, the differential conductance belowTc [dI/dV]S, divided by the
normal state conductance [dI/dV]N is given by the half-sphere integration over the solid angleΩ:
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and fD = D∣ ∣ ( )exp i , and theelectron-like and hole-like quasiparticles are
effective pair potentials with the corresponding phases fi . For simplicity we assume that the induced order has
the same d-wave k-dependence as the bulk Bi-2212. Thus for all calculations we set the hole-like and the
electron-like quasiparticles transmitted into the superconductor to experience the same effective pair potentials.
In particular, for the c-axis tunneling that is relevant here, they have similar dependence on the azimuthal angle
α in the ab-plane aD = D = D+ - ( )cos 20 . Scattering-induced energy broadening (Γ) is included in the
calculation by adding an imaginary term to the energy of the quasiparticles. The real part of the resulting sS then
gives the differential conductance (G)with broadening from the normalmaterial included via theΓ term
( sD G =( ) [ ]G V, , Re , whereV is the applied bias) [65, 66].

The total Andreev reflection spectrum at a zeromagnetic field is obtained by calculating the reflection and
the transmission in the proximity region, followed by reflection at the interface between the twomaterials [67].
Incoming quasiparticles with energies smaller thanDi, Andreev-reflect at the first interface. This gives rise to a

D G( )G V, ,i , which is expected to consist of a central peakwith awidth that is typicallymuch smaller than the
bulk gap of Bi-2212, corresponding to the induced gap in the normalmaterial ( D G( )G V, ,i ). Quasiparticles
with higher energies do not Andreev-reflect off thefirst interface, and instead transmit as normal particles. The
transmission rate is 2- D G( )G V, ,i , where the 2 accounts for the fact that Andreev reflection involves a charge of
−2e due to the conversion of two normal quasiparticles into a Cooper pair (figure 1 B). Quasiparticles with
energies betweenDi andDr Andreev-reflect at the second interface and give rise to a term D G( )G V, ,r .We
expect D G( )G V, ,r to consist of peaks at an energy that is smaller than the bulk gap of Bi-2212 (Dr), due to the
suppression of superconductivity at the interface. Lastly, an additional term is included, D G( )G V, ,0 , which
can arise due to the inhomogeneity in the tunnel junction (a fewhigh-barrier junctions in parallel with the low-
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barrier proximity junction) or from a small reduced gap region. The total dI/dV is calculated using
= ´ D G + - D G D G + ´ D G[ ( ) ( ( )) ( )] ( )G f G V G V G V f G V, , 2 , , , , , ,i i rtotal 1 2 0 . The parameters f1

and f2 account for the different relative areas of the proximity and high-barrier junctions. Specifically, the two
types of junctions are in parallel such that their total conductance is equal to their relative volume fractions ( f1,2)
times their intrinsic conductivity. The calculated spectra in thismodel with the barrier strength (Z), scattering-
induced energy broadening (Γ), and the superconducting gap (Δ) used as fit parameters, show excellent
agreementwith the experimental conductancemeasurements (purple lines infigures 2(a), 3(c) and(d)).

Figure 3. (a), (c), (e)Bi-2212/Bi2Te3 and (b), (d), (f)Bi-2212/graphite. (a)–(b)Offset, thenormalized dI/dV of Bi2Te3 (75 K, 60 K,
50 K, 40 K, 30 K and 20 K), and graphite data every 10K fromTc to 70K, then every 5 K till 25 K, and finally 11 K. The three peaks due
to theAndreev reflection into induced (Di), reduced (Dr) and full gaps (D0). (c)–(d)The dI/dV in the parallelmagnetic field, with the
fits shown in purple. For Bi2Te3 thefields are 0.05, 0.1, 0.25, 0.5, 1, 2, 3, 4, 5, 6, 7and 7.5 T, while for graphite they are every 0.1 T till
1T, then 1.1, 1.25, 1.5, 2, 3, 4 and 5T;the features shift due to theDoppler effect. (e)–(f)The dots show themeasured data at 43mV
(blue) and 0mV (red) versus the field;the black lines arefits withDoppler.
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Typically we find »f 0.851 , - -D5 meV 10 meVinduced , - -D15 meV 35 meVreduced ,
- -G1 meV 4 meV, »Z 0.1low and .Z 3high .

4. Results and discussion

The temperature-dependentdI/dV of the Bi-2212/Bi2Te3 junctions isshown infigure 3(a). The dI/dV, when
normalized toTc, reveals a zero-bias peak that emerges just belowTc and eventually evolves into three features at
low temperature. Thefirst is anAndreev reflection peak near the zero-bias, whosewidth ismuch smaller than
the full gap of Bi-2212 (labeledDi). This feature could be a dABS [30, 40, 42]. However, at lowT, the feature
reaches an amplitude of nearly twice the normal state conductance, which isconsistent with standardAndreev
reflection. Furthermore, ab-plane tunneling only reveals a narrow peak at zero-bias and at the full gap at Bi-2212
(D0). The full gap is also seen in our data, and its temperature dependencematches wellwhat is observed in
high-barrier devices (figure 2) and the established trends forcuprates. Another peak in our data (Dr) around 20
meV also approaches 2. Taken together, these three peaks are consistent with the proximity effect (figure 1(a)).
Specifically, we expect perfect Andreev reflection since there is effectively no barrier between the normal
material and the induced superconductor, while the inverse proximity effect reduces the size of the gap at the
interface resulting in a peak at the reduced (Dr) gap, and at the full gap (D0).We find similar spectra and
temperature dependence froma low-barrier device with graphite as the normalmaterial (figure 3(b)). The fact
that we observe a zero-bias feature with aheight ofnearly 2 and afull gap at 40meV,adds confidence that these
features arise fromAndreev reflection and do not require theFermi surface of the normalmaterial to directly
overlap that of the superconductor.

To confirm theresults of these features fromAndreev reflection, we use an in-planemagnetic field
= ´ ( )B A r , which dramatically affects theABS but causes littlemagneto-resistance in the normalmaterials.

The superconducting order parameter will acquire an inhomogeneous phase òf = - ¢ ¢p
f( )( ) ( )r A r r2 d

0
,

wheref0istheflux quantum. This produces a diamagnetic screening current where theCooper pairs acquire
themomentum � f=ks . Since Andreev reflection involves tunneling into this supercurrent, they are

Doppler shifted by �= - ^ED
k k

m2
s

e

2

, where k⊥ is the transverse wavenumber. Thus themagnetic fields shift the

Andreev reflection features by qD = -E v P sinF S (where vF,PS, and θ are the normalmaterial Fermi velocity,
Cooper pairmomentum, and the angle between the electron trajectory andmagnetic field). The superfluid
momentum (PS) is linearly proportional toB and includes a geometric factor whose exact size is difficult to
estimate in proximity devices [40, 42, 44, 45, 47–50, 53, 54, 56]. Thus for features involving the tunneling of
Cooper pairs, we expect to include into the calculation aDoppler shift:D = ∣ ∣E D B , whereD is a constant and ∣ ∣B
is themagnetic field strength. As discussed in detail later, caremust be taken, as themagnetic field changes the
energy dependence of the probability of Andreev tunneling. Thus theDoppler shift cannot be directly applied to
the positions in the voltage of thefeatures in dI/dV.

In studies of dABS in Bi-2212, applying amagnetic field splits and/or suppressesthe zero-bias peak due to
theDoppler effect, except when the field isaligned in the ab-plane [40, 42]. Alternatively, in S/N/S orN/S/N
one can observe nABS due tomultiple Andreev reflections between the interfaces. These nABS, which can play a
crucial role in the proximity effect and supercurrents, have an energy defined by the phase difference across the
confined region,D0 and the transparency of the barrier [33]. In a confined structure with an induced pair
amplitude, the resultingminigapwas reducedby a perpendicularmagnetic field [32], as expected from the
theory [31], due tof between the superconducting contacts.

The situation in our devices is quite different fromwhat istypically observed in low-Tc structures. Due to the
large »H 90 Tc2 , we do not expect significant shifts inD0 for thefields applied here (-7.5 T) [68]. However,
ifnABS emergedue to the smallmesas seen inAFM, then their energywill be periodic in themagnetic field as
the phasewinds through 2π [33–36]. Using the cross-sectional area of our Bi2Sr2CaCu2O d+8 (» -10 m7 2) or
accounting for the small size of themesas, we find thatthe features willreach zero energy at » -B 10 T5 . Thus if
our features arise fromnABS, their shifts with thefieldwillessentially be random for the sizes of the fields we
apply. Furthermore, nABS should only appear below the induced gap.Hence the feature at 40meV should result
fromtunnellinginto the full gap of Bi2Sr2CaCu2O d+8 , whereas the features at lower energy could be nABS. As
such, while thefieldmay tune the zero-bias peak and the peak atDr , the full gapwill not be affected.

Infigures 3(c) and (d), we show the dI/dV spectra at 6.5Kwith amagnetic field. The size of the dI/dV at
zero-bias and 43mV is shown infigures 3(e) and (f), revealing thesystematic suppression of the spectra,
suggesting thismay be the result of dABS.However, the full gap, reduced gap andwidth of the induced gap
features allmove to a zero-bias upon applying themagnetic field. This provides strong evidence against the ABS
as the full gap (D0) should befield-independent, as seen in high-barrier junctions (figure 2(b)). Thuswe
attribute themagnetic-field-induced changes to theDoppler effect.
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This is confirmed by including theDoppler effect in our calculation of the c-axis conductance spectra using
the formalismdeveloped for anisotropic superconductors [30]. As described in[18, 19], wemodified this
formalism to include contributions from the induced, reduced and fully gapped regions. A proper theoretical
approachwould self-consistently calculate the gap and account for potentialmultiple reflections due to the
gradual change in the gap.However, sincewe do not investigate confined structures, and ourminimalmodel
captures our results, we believe it is appropriate to investigate the effects of themagnetic field. Once the zero-
field spectra are captured by ourmodel, we follow the established procedure for theDoppler effect by calculating
the Andreev reflection probability ( ˜)a E with = + DẼ E E. The entire field dependence is reproduced using
only theDoppler factorD= 0.4 for Bi2Te3 andD= 0.2 for graphite. The resulting dI/dV and their values atfixed
bias are shown infigures 3(c f). Despite the linear dependence of theDoppler shift on the field, its effect on the
tunneling conductance is non-trivial as it enters indirectly through the probability of Andreev reflection. Thus as
expected from equation (2), changes in dI/dV at fixed voltages with appliedmagnetic field can be non-trivial.
Despite the difficulty of reproducing dI/dVwith only onefitting parameter (as opposed to the peak position), we
observe an excellent agreement. This confirms that the field dependence of the tunneling is governed byAndreev
reflection and theDoppler effect.

Before closing, let us discuss some alternate possibilities. For example, Andreev bound states formed at the
110 interface between a d-wave superconductor/normalmetal can create a peak at zero bias [30, 40, 43].
However, the central peak in our data is very different from that of anAndreev bound state.We observe a
reduced gap as well as acentral gap, in spite of the fact that the Andreev bound state only showsup as a zero-bias
peak. Lastly, theAndreev bound states are expected to split by the application of amagnetic field, while the
central peak (the induced gap) in our data, not only does not split, but decreases inwidthwith the field (figure 4
(A) [40, 43].

Other bound states, such as geometrical resonances (McMillan–Rowell andTomasch oscillations) [69, 70],
can create peaks in the differential conductance spectra.However, these peaks emerge at certain voltage
positions in the Andreev spectra. Tomasch oscillations are due to resonances in the superconductor and create

resonance features in the dI/dV at voltages given by: = D + ( )( )eV 2n
nhv

d
2

2

2
fS

S
, withΔ being the

superconducting energy gap, vfS being the Fermi velocity in the superconductor, dS being the thickness of the
superconductor, and n being the dip number.McMillan–Rowell oscillations occur due to geometrical

resonances in the normalmaterial and the voltages of the oscillatory features are linear with n (D =V
hv

ed4
fN

N
), with

vfN being the Fermi velocity in the normalmaterial and dN being the thickness of the normal layer at which the
reflections occur. Neither of these oscillations agreewith the peakswe observe in our data. Furthermore, these
oscillations typically create features atfinite bias, in contrast to our data wherewe observe a zero-bias
conductance peak [69]. Nonetheless, themagnetic field dependence of theMcMillan–Rowell andTomasch
oscillations are different fromour data. These bound states are expected and seen to split as well as shift by the
application of amagnetic field [71].

A proximity effect along the c-axis of Bi-2212 seems surprising given the short coherence length.However,
the proximity effect in the cuprates is governed by their low diffusion coefficient and small density of states [28].
Thus the Andreev reflection and proximity effect observed here could result from the small density of states of
Bi2Te3/graphite, and their poor c-axis transport.What about themismatch in the Fermi surfaces between Bi-
2212 and the normalmaterials? Since thelattice symmetries of the normalmaterials are quite distinct fromBi-
2212, the Fermi surfaces touch in the extended Brillouin zone [25, 26, 72]. This is shown infigure 1(c), where the

Figure 4.Thewidth of the induced gap in graphite at 11K forvarious applied fields.
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Fermi level of the hole-doped Bi2Te3 is around theDirac point [73], and the graphite is of ABAB stacking [74].
This argument holds for awide range of Fermi levels.

Strong similarities between Bi2Te3 and graphite devicesmay suggest that our results are intrinsic to Bi-2212.
For example, the junctions could lead to strain that producesmechanical breaks. Indeed, some devices
havesharp features in the dI/dV as seen in the point contact [75]. These result from reaching the critical current
in the inhomogeneous superconductor. However, such devices did not show the features reported here, and the
sharp peakswere suppressedmuch faster in the appliedmagnetic field than expected from theDoppler.
Furthermore, the Andreev features only appear inmeasurements performed across the interface.
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