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Tunneling and Andreev spectroscopies
of high-temperature superconductors

Ya G Ponomarev

1. Introduction

Theoretical and experimental studies of the nature of high-
temperature superconductivity are far from completion [1 ±
4]. However, in the 15 years of studies of high-temperature
superconductors (HTSC), studies that employed the most
modern experimental methods, an enormous body of data
has been gathered and theoretical models for describing the
unique properties of HTSCs have been built. Note that even
today there is no agreement in the choice of the pairing
mechanism [5 ± 8], although the existence of an isotopic effect
in underdoped and overdoped cuprate superconductors is a
clear indication of the important role that phonons play in the
formation of the superconducting properties of HTSCs [5].

According to modern ideas [9 ± 11], doped crystals of the
cuprate superconducting compounds

Bi2Sr2Canÿ1CunO2n�4�d ; Tl2Ba2Canÿ1CunO2n�4�d

and

HgBa2Canÿ1CunO2n�2�d

constitute a natural superlattice of the type SISI . . . , where S
is a thin superconducting block containing one or more CuO2

planes intercalated with calcium, and I is a layer of insulator
(spacer) that, in particular, actuates doping of the CuO2

blocks due to introduction of excess oxygen into the central
part of the spacer. Since the dopant is outside the CuO2

blocks, it has no significant effect on the hole relaxation time
in the CuO2 planes. Introduction of impurities (magnetic or
nonmagnetic) into the CuO2 planes rapidly suppresses super-
conductivity. In cuprate HTSCs the spacers occupy up to

80% of the crystal's volume, while only about 20% is
occupied by the superconducting CuO2 blocks. Spacers play
an important role in forming the electron transport in the
c-direction due to resonance tunneling [9, 12].

When the temperature is below Tc, a doped high-
temperature superconducting crystal behaves as a stack of
strongly coupled Josephson junctions, so that the super-
conducting current in the c-direction is of the Josephson
nature (weak superconductivity). Note that the specific
superconducting properties of layered crystals with Joseph-
son coupling of layers were discussed in detail even before
high-temperature superconductivity was discovered
(Ref. [13], Chap. 6).

In pure cuprates, a CuO2 plane with a half-filled 2D band
proves to be unstable against a transition into the Mott
insulator phase as a result of formation of long-range
antiferromagnetic order (doubling the period causes the area
of the 2DBrillouin zone to diminish by a factor of two). Light
doping with oxygen destroys the long-range antiferromag-
netic order, which leads to an insulator ±metal transition and
to the emergence of a hole Fermi surface of open type [14].
Here the Fermi level may be in the vicinity of an extended Van
Hove singularity with giant peaks in the density of states in
G ±M directions [5, 15].

High-temperature superconductivity occurs in CuO2

planes within a relatively narrow interval of impurity hole
concentrations p. The Fermi surface changes only slightly in
the process [16]. According to photoemission spectroscopy
data, the superconducting gap is largest in theG ±Mdirection
(i.e. in the direction of a VanHove singularity) and smallest in
the G ±Y direction, in which the electron density of states
passes through aminimum [17]. The gap anisotropy decreases
substantially as p increases [18]. Note that at least in principle
the Fermi level may get pinned to a Van Hove singularity
within a certain interval of impurity hole concentrations p
[19]. The superconducting transition temperature Tc varies
with p according to a parabolic law (in the first approxima-
tion) [20].

2. Some experimental results obtained
in HTSC studies using the tunneling
and Andreev spectroscopy methods

When applied to HTSC, the methods of tunneling and
Andreev (point-contact) spectroscopies demonstrated their
efficiency and made it possible to extract useful information
about the physical properties of these materials in the
superconducting and normal states. Below I briefly discuss
some recent experimental results of tunneling and point-
contact measurements involving HTSC samples.

2.1 Intrinsic Josephson effect.
Characteristic properties of the SISI... structure
An achievement that can be considered really important is the
discovery and study in cuprate superconductors of the
intrinsic Josephson effect [21 ± 24], which clearly demon-
strated the 2D nature of electron transport in HTSC.
Thorough investigations of the intrinsic Josephson effect in
various high-temperature superconducting materials actually
led to the creation of a new method of studying layered
superconductors, the intrinsic tunneling spectroscopy method.

Studies of the intrinsic Josephson effect in high-tempera-
ture superconducting mesastructures fully corroborated the
SISI . . . model: (1) when T < Tc, multiple-branch current ±
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voltage characteristics of mesastructures with the current
flowing in the c-direction were discovered [21 ± 24]; (2) the
current ± voltage characteristics ofmesastructures were found
to exhibit geometric Fiske resonances [25]; (3) Fraunhofer
oscillations of the critical Josephson current as a function of
the external magnetic field were discovered [26]; and (4) at
currents higher than the critical current jc were sent through
high-temperature superconducting mesastructures, emission
of microwave radiation from the mesastructures was
observed [21 ± 23].

2.2 Intrinsic Josephson effect.
Calculating the superconducting gap and evaluating
the shape of the current ± voltage characteristic
The intrinsic Josephson effect was observed [27, 28] in doped
Bi-2212 single crystals on natural ultrathin steps (with a
height from 1.5 to 30 nm), which are always present on a
cryogenic cleavage surface (the break junction technique).
Direct measurements done by the scanning tunneling micro-
scopy (STM) method showed that the height of these steps is
proportional to half the height of the unit cell, c=2 � 1:5 nm
(the cleavage surface is between twoBiO planes) [29, 30]. Note
that half a unit cell in the c-direction corresponds to a single
Josephson junction.

According toKaneko et al. [29] andMitchell et al. [30], the
microstep width does not exceed 1 mm. This result coincides
with the estimates made in Ref. [27]. By tuning the junction
with amicrometer screw in a single experiment it is possible to
move from one step to another and record their current ±
voltage characteristics individually � j k c�.

The authors of Refs [27, 28] discovered at liquid-helium
temperatures a pronounced gap structure in the current ±
voltage characteristics of the microsteps on the cryogenic
cleavage surface in underdoped and optimally doped Bi-
2212(La) single crystals and in overdoped Bi-2212 single
crystals and whiskers (Fig. 1). Stacks of Josephson junctions
with 14 n4 25 (n is the number of junctions) were studied.
The high resistance of the stacks [RN�4:2 K� � 200ÿ2000 O
per junction] made it possible to broaden the range of bias
voltages to values much higher than the gap voltage Vg n

without significant junction overheating. For a stack of n
equivalent junctions, the value of the gap voltage Vg n

corresponding to a sharp increase in the quasi-particle
current jqp kc is given by the formula Vg n � �2D=e�n. The
experimental dependence Vg n�n� can be used to determine
the gap parameter D with high accuracy (see the inset in
Fig. 1). For optimally doped BSCCO(La) samples, D4:2K �
�27:0� 0:5�meV atTc � �91� 2�Kand 2D=kTc � 6:9� 0:5.
With the temperature increasing, the gap structure in the
current ± voltage characteristics of stacks still retains its
`abrupt' shape in a wide range of temperatures T < Tc

which makes it possible to determine the temperature
dependence of the gap, D�T �.

It was found (see Ref. [28]) that when the current ± voltage
characteristics of stacked SIS junctions are plotted in reduced
coordinates, they almost coincide. The gap feature in the
current ± voltage characteristics has a shape typical for an
`s-symmetry' (isotropic) gap parameter. At first glance it is
difficult to match this result with the photoemission spectro-
scopy data, according to which the gap parameter in the
ab plane is highly anisotropic [17]. However, the situation
changes when there is a van Hove singularity at the Fermi
level. Wei et al. [31] found that a van Hove singularity
enhances the gap structure in the current ± voltage character-

istics of junctions evenwhen the gap parameter in the ab plane
is highly anisotropic.

2.3 Intrinsic Josephson effect. Pseudogap
The poorly pronounced `gap' structure (pseudogap) in the
current ± voltage characteristics of Bi-2212 mesastructures
observed in some cases at temperatures higher than Tc [32,
33] is not directly related to superconductivity and, possibly,
is caused by the fact that the metallic CuO2 blocks are two-
dimensional. Note that the effect of 2D (surface) bands on the
current ± voltage characteristics of normal-state tunneling
junctions has been theoretically studied by BenDaniel and
Duke [34]. The `multigap' structure that they predicted was
observed by Mironova et al. [35] in the current ± voltage
characteristics of normal Bi ±Al2O3 ±Al junctions over an
extremely broad temperature interval.

2.4 Josephson spectroscopy.
Generation in Josephson HTSC junctions of Raman-active
(nonpolar) optical phonons by AC Josephson current
over a frequency range up to 20 THz
Today there exist a large number of theoretical models (see
the reviews [2, 3]) in which the phenomenon of high-
temperature superconductivity is described using the pho-
non mechanism of pairing, modified by the strong Coulomb
repulsion.

One such model was recently proposed by Abrikosov [5].
According to him, a high superconducting transition tem-
perature Tc in HTSC occurs because of the presence near the
Fermi level of an extended van Hove singularity with a high
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density of states [5, 15, 36]. In Abrikosov's model, optical
phonons with small wave vectors play the leading role in
pairing. The fact that there is a strong electron ± phonon
coupling in HTSC was confirmed by studies of the effect of
generation of Raman-active optical phonons by AC Joseph-
son current in a frequency range up to 20 THz in Bi-2201,
Bi-2212, andBi-2223 Josephson junctions [37 ± 41] (Fig. 2), by
photoemission spectroscopy data [42, 43], and by studies of
the isotopic effect [44, 45], and the effect of renormalization of
the quasi-particle density of states at temperatures below Tc

[46 ± 48].
Aminov et al. [49] were the first to discover a fine

structure in the current ± voltage characteristics of Joseph-
son Bi-2212 junctions, related, as it is now clear, to the
generation by AC Josephson current of nonpolar optical
phonons in the ephonon � 38ÿ54 meV energy range. Later
Yurgens et al. [50] and Schlenga et al. [51] studied the
current ± voltage characteristics of Bi-2212 mesastructures
and recorded resonances corresponding to the optical
modes related to vibration of the heavy ions of bismuth,
strontium, and copper (ephonon � 6ÿ24 meV). A phenomen-
ological theory explaining the interaction of AC Josephson
current with IR-active (polar) optical phonons was proposed
by Schlenga et al. [51]. A complete theory that incorporated
the interaction with all optical modes (Raman-active and IR-
active) was developed by Maksimov, Arseyev, and Maslova
[41]. In Ref. [37], interaction between AC Josephson current
and Raman-active phonon modes in the entire range of
phonon frequencies (up to 20 THz), including the apex
oxygen mode (ephonon � 80 meV), was discovered (Fig. 3).
The upper part of Fig. 3 depicts fragments of the resonance

structure (plotted against 2eV) in the dI=dV characteristics
of several break junctions in Bi-2212 single crystals (with the
doping close to optimal) at T � 4:2 K. The structure can be
observed in the energy range 04 2eV4 85 meV, which
encompasses the range within which Raman-active optical
phonons in Bi-2212 exist. Note that the resonances compris-
ing the structure appear for bias voltages V satisfying the
condition 2eV � �hophonon. For the sake of comparison, in
the lower part of Fig. 3 I have placed the results of
measurements of Raman spectra for Bi-2212 [52] in two
main polarizations (curves 1 and 2 correspond to the
z�x; x�z-geometry, and curve 3 to the y�z; z�y-geometry).
The short lines in the central part of Fig. 3 indicate the
energies of Raman-active phonons related to the vibration
of atoms belonging to the Bi-2212 structure (see Table 1 in
Ref. [37]).

Further experimental studies of low-frequency phonon
resonances (Bi-, Sr-, and Cu-optical modes) in the current ±
voltage characteristics of break junctions in Bi-2201(La)
single crystals have shown that AC Josephson current
generates optical phonons not only in SIS junctions but
also in SNS junctions [40] (N stands for a normal-metal
layer), thus fully corroborating the validity of the Maksi-
mov ±Arseyev ±Maslova model [41]. It has also been found
that in the current ± voltage characteristics of doped-
Bi2212(La) Josephson junctions the structure related to
generation of optical phonon modes can be observed in
both underdoped and overdoped single crystals, with the
doping level having only a small effect on the frequency of
the main phonon modes [40]. The latter remark means that
the strength of the electron ± phonon coupling in BSCCO
does not significantly change over the entire region where
superconductivity exists.
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Studies of the intrinsic Josephson effect in microsteps on a
cryogenic cleavage surface of BSCCOwith a small number of
SIS junctions have shown (see Ref. [40]) that in some cases the
generation of nonequilibrium optical phonons is of a
synchronized nature. We also note that Bi-2201(La) samples
with doping close to optimal exhibit [40] temperature
anomalies in the 2D optical Cu-phonon mode �ephonon � 2D�
at temperatures belowTc. These anomalies could be related to
renormalization of the spectrum of optical phonons with
k! 0 and with frequencies close to 2D�0� for HTSC with
strong electron ± phonon coupling at temperatures below Tc

(the renormalization was predicted by Zeyer and Zwicknagl
[53] and by Karakozov and Maksimov [54]). Depending on
the value of the ratio o0=2D, where o0 is the phonon
frequency at T > Tc, as the temperature lowers in the region
T < Tc, the phonon frequency must either anomalously
increase �o0=2D > 1� or anomalously decrease (`soften')
�o0=2D4 1�.

2.5 Andreev, tunneling, and intrinsic spectroscopies.
Effect of doping on the superconducting gap D
in bismuth cuprates
The alternative of phonon pairing in HTSC is pairing on spin
fluctuations whose amplitude must be at its maximum near
the Mott-insulator ± superconductor phase transition [4].
Fairly recently Deutscher [55] suggested that underdoped
cuprate HTSCs with magnon pairing have two gap energies,
Dp and Ds. The larger gap (the pseudogap) Dp existing in a
broad temperature intervalT < T � (this gap can bemeasured
by employing the photoemission or tunneling spectroscopy
methods) determines the binding energy 2Dp of the Cooper
pairs that remain in the incoherent state when T > Tc. The
smaller gap Ds (the superconducting gap), which can be
measured by the Andreev or Raman spectroscopy methods,
determines the minimum energy 2Ds of excitation of the
superconducting condensate whenT < Tc (Tc < T � in under-
doped samples). According to Deutscher's model [55], the
superconducting gap Ds varies with hole concentration p in a
way similar to Tc, passing through a maximum when the
doping is optimal (Ds scales with Tc). At the same time, Dp

monotonically increases as p! 0 (i.e. in the transition from
overdoped samples to underdoped).

Even today the nature of the pseudogap Dp is unclear.
There are theoretical models in which the presence of the
pseudogap Dp is related to the presence of incoherent Cooper
pairs atT > Tc, whichmust lead to the emergence of an excess
current in the current ± voltage characteristics of junctions of
the SN and SNS types [56]. However, an experimental check
of this prediction that used NS point contacts (gold ±YBCO)
produced negative results [57].

Note that the model in which Ds scales with Tc on doping
of HTSC was challenged by researchers who mainly used the
STMmethod [58 ± 61]. At the same time, thorough investiga-
tions have shown (see Refs [62 ±64]) the validity of the scaling
model [55] (at least for bismuth cuprates).

The results of measurements of the current ± voltage
characteristics of Josephson HTSC break junctions in a
broad temperature interval extending to the critical tempera-
ture Tc can be found in Refs [62 ± 64]. The following samples
were used for the investigations:

(1) underdoped (UND), optimally doped (OPD), and
overdoped (OVD) Bi-2201(La) single crystals;

(2) UND and OPD Bi-2212(La) single crystals and OVD
Bi-2212 single crystals and whiskers.

The following experimental methods were employed in
these investigations:

(1) Andreev spectroscopy (multiple Andreev reflections in
break junctions of the SnS type);

(2) tunneling spectroscopy (single tunneling SIS junc-
tions);

(3) intrinsic tunneling spectroscopy (intrinsic Josephson
effect in microsteps on the cryogenic cleavage surface).

All these methods of investigating the superconducting
properties of HTSC involve using break junctions in
HTSC single crystals and whiskers. The transition from
one measurement mode to another was done by mechani-
cally tuning the break junction at the liquid-helium
temperature.

Note that there are substantial specific difficulties in
fabricating single tunneling HTSC junctions with jkc,
difficulties related to the layered nature of the structure of
cuprate samples (in the c-direction the banks of a tunneling
junction are themselves a natural stack of Josephson SIS
junctions). The superconducting current in the c-direction at
the surface of samples (especially of underdoped samples) is
often suppressed. A single CuO2 block is unable to completely
screen an external electric field in the c-direction, because the
screening length is larger than the thickness of the block [65].
In this case, in series with the main (planned) junction a
number of highly nonequivalent additional SIS junctions
appear, which may lead to a shift in the total gap structure
in the current ± voltage characteristic towards higher bias
voltages. This effect has been repeatedly observed in under-
doped samples [62 ± 64]. To reject the current ± voltage
characteristics of such complex junctions, researchers use
(see Refs [62 ± 64]) phonon resonances, whose existence in
dI=dV characteristics is easily noticeable in the presence of
AC Josephson current. These resonances served as reliable
calibration marks in current ± voltage characteristics which
made it possible to distinguish a true single junction from a
complex composite junction. As noted in Section 2.4, bias
voltages at which current ± voltage characteristic acquire
features associated with the interaction of AC Josephson
current and optical phonons are determined by the condition
2eV � �hophonon. For stack junctions this condition is replaced
by 2eV=n � �hophonon.

Note that the above difficulties are, possibly, the reason
why in Refs [58 ± 61] the gap size in underdoped Bi-2212
samples is overvalued.

In Refs [62 ± 64] the gap structure in dI=dV character-
istics of a junction in the tunneling regime (the peak value of
the differential conductance for a gap voltage Vg � 2D=e) is
compared to the subharmonic gap structure in the dI=dV
characteristic of the same junction in the point-contact
(Andreev) mode (a series of dips in the differential
conductance for bias voltages Vn � 2D=en, where n is an
integer). Earlier Muller et al. [66] did the same type of
research with niobium break junctions. The value of the
superconducting gap was assumed reliable only if the values
of D obtained by the above two methods were equal. The
data of tunneling, intrinsic tunneling, and Andreev spectro-
scopies were used to build the dependence of the super-
conducting gap D on the impurity hole concentration p in
Bi-2212 (Fig. 4).

Figure 4 shows that in Bi-2212 the superconducting gap
D (T � 4:2 K) (solid circles) scales with the superconducting
transition temperature Tc (solid curve) in the entire doping
range. The dependence of the superconducting gap D on the
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impurity hole concentration p in Bi-2212 exhibits a small flat
section in the optimal doping region (see Fig. 4), which,
apparently is the result of pinning of the Fermi level to a
van Hove singularity. The ratio 2D=kTc � 7:0� 0:5 (black
squares) is, to the first approximation, independent of the
doping level. A similar behavior of the superconducting gap
was also discovered for Bi-2201 [62 ± 64], but for the ratio
2D=kTc � 12. These results contradict the results ofRefs [58 ±
61], according to which the superconducting gap D for
underdoped Bi-2212 samples rapidly grows with decreasing
Tc, so that the value of 2D=kTc reaches 20 or even higher
values.

In Refs [62 ± 64] it was also shown that the gap
determined by tunneling and microjunction spectroscopies
vanishes in the region of zero resistivity in the resistive
transition (i.e. at T � Tc) in UND, OPD, and OVD in
samples of the Bi-2212 and Bi-2201 phases. This result
contradicts the common viewpoint according to which the
superconducting gap in underdoped samples is temperature-
independent and at T � Tc becomes a pseudogap of the
same size [60].

In conclusion it must be noted that for optimally doped
samples of the cuprate families

Bi2Sr2Canÿ1CunO2n�4�d ; Tl2Ba2Canÿ1CunO2n�4�d

and

HgBa2Canÿ1CunO2n�2�d ;

14 n4 3, the superconducting gap D was found (see
Ref. [67]) to increase linearly with the number n of CuO2

planes in the superconducting blocks (Fig. 5). In Figure 5 the
solid symbols represent the data of Ref. [67], the open
triangles represent the data of Ref. [31], the open square the
data of Ref. [68], and the open square with the `plus' sign the
data of Ref. [69]. Note that the n-dependence of themaximum
critical temperature Tc;max for cuprates does not obey a
simple linear law [70].

2.6 Andreev and intrinsic tunneling spectroscopies.
Determining the superconducting gap D in MgB2

Doubts in the universal nature of the magnon pairing
mechanism in HTSC appeared after the report of the
discovery of a new superconductor, magnesium diboride
MgB2, with a critical temperature Tc � 39 K [71]. The
pairing mechanism in MgB2 is of phonon nature, which is
indicated by the discovery in this compound of an isotopic
effect in boron [72]. Theoretical analysis of the band structure
of MgB2 and related compounds shows the conduction along
the boron planes is close to two-dimensional (s-bands) [73].
The presence of a van Hove singularity in the 2D band may
strongly affect the value of Tc if one shifts the Fermi level to
the peak in the quasi-particle density of states through doping
[74].

According to a popular version [73, 75], magnesium
diboride displays two-gap superconductivity, and at
T � 4:2 K the gap Dlarge � 7 meV corresponds to the 2D
charge carriers in the s-bands, while the gap Dsmall � 2 meV
corresponds to 3D carriers in the p-bands. Calculations have
shown that both gaps close simultaneously at the critical
temperature Tc � 40 K, with the temperature dependence of
the gaps close to the standard BCS dependence. The
theoretical quasi-particle density of states has two distinctive
gap singularities, which must result in two independent
subharmonic gap structures, corresponding to Dlarge and
Dsmall, appearing in the current ± voltage characteristics of
Andreev point contacts of SnS type. This assumption has
been recently corroborated at Lomonosov Moscow State
University (MSU) by a group of researchers [76], who
compared through experiments the temperature dependence
of the superconducting gap of polycrystalline MgB2 samples
(the BG series, Tc; init � 39 K, Tc; fin � 29 K) containing up to
20%ofMgOas an impurity (BMBulychev andVKGenchel',
Chemical Department of MSU) with the temperature
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dependence of the superconducting gap of polycrystalline
MgB2 samples (the KV series, 36 K4Tc 4 40 K,
DT � 0:3 K) containing an excess of magnesium
(S I Krasnosvobodtsev and A V Varlashkin, P N Lebedev
Physics Institute of the Russian Academy of Sciences).

It was found [76] that when the MgB2 junctions are put in
tunneling regime, the current ± voltage characteristics are
those typical of the intrinsic Josephson effect (Fig. 6; a stack
of five SIS junctions short-circuited by one external SIS
junction, D4:2K � 8:0� 0:3 meV; an alternative explanation
of the structure in Fig. 6 is the presence of two-gap
conductivity [73, 75]). Until recently, the intrinsic Josephson
effect was observed only in cuprate HTSC.

In our work [76], the current ± voltage characteristics of
more than 150 Andreev point contacts of the SnS type were
studied in the temperature interval from 4.2 K to Tc. The
size of the gap was determined from the subharmonic gap
structure. We built histograms representing the dependence
of the number of junctions on the value of the super-
conducting gap at 4.2 K for the BG and KV series of
samples. Both histograms exhibit peaks at three values of
the gap: D1, D2, and D3. In the case of the BG series,
D1 � �2:5� 0:5� meV, D2 � �8:0� 0:5� meV, and
D3 � �16:0� 0:5� meV; in the case of the KV series,
D1 � �2:5� 0:5� meV, D2 � �10:5� 0:5� meV, and D3 �
�21:0� 0:5� meV. According to our interpretation, the gap
D2 corresponds to Dlarge [73, 75] and the gap D3 to 2Dlarge,
which is possible in the case of a stack of two Andreev
junctions (the consequence of the layered structure of
MgB2). The gap D1 corresponds to Dsmall [73, 75].

The temperature dependence of the gap in the region near
the D2 peak in the histograms �Dlarge� is described by the BCS
model, with the ratio 2D2=kTc amounting to 6:0� 0:5 for the
BG series and 6:5� 0:5 for the KV series (Fig. 7). The values
are close to 2D=kTc in superconducting cuprates. The

temperature dependence of the small gap Dsmall (the D1 peak
in the histograms) differs substantially from that supplied by
the BCS model, and the ratio D2=D1 has no fixed value. The
above factors suggest that band-to-band scattering (sÿp
transitions) greatly affects the size of the small gap Dsmall [73].
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High-temperature superconductivity
models

Yu V Kopaev

1. Introduction
Cuprate-based high-temperature superconductors exhibit
special properties in both normal and superconducting
states, namely,

(1) a high superconducting transition temperature Tc;
(2) d-type symmetry of the superconducting order para-

meter D and low sensitivity to scattering on nonmagnetic
impurities;

T

TN

Tc

T �

x� x� xUD OD
xopt

AF
Pseudogap state

Normal metal

SC

Figure 1. Phase diagram typical of hole-doped high-temperature cuprates

(temperature vs. doping level x). UD and OD stand for the underdoped

and overdoped regions, respectively.
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