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Phonons, i.e., quanta of lattice vibrations, manifest themselves practically in all electrical, thermal
and optical phenomena in semiconductors and other material systems. Reduction of the size of
electronic devices below the acoustic phonon mean free path creates a new situation for phonon
propagation and interaction. From one side, it complicates heat removal from the downscaled
devices. From the other side, it opens up an exciting opportunity for engineering phonon spectrum
in nanostructured materials and achieving enhanced operation of nanodevices. This paper reviews
the development of the phonon engineering concept and discusses its device applications. The
review focuses on methods of tuning the phonon spectrum in acoustically mismatched nano- and
heterostructures in order to change the phonon thermal conductivity and electron mobility. New
approaches for the electron–phonon scattering rates suppression, formation of the phonon stop-
bands and phonon focusing are also discussed. The last section addresses the phonon engineering
issues in biological and hybrid bio-inorganic nanostructures.
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1. PHONONS IN BULK SEMICONDUCTORS
AND NANOSTRUCTURES

Phonons are quantized modes of vibration occurring in a
rigid crystal lattice, such as the atomic lattice of a solid.
One can speak of a gas of phonons, which are quasi-
particles of the energy �� and quasi-momentum p = �q
obeying Bose-Einstein statistics.1 Phonons manifest them-
selves practically in all properties of materials. For exam-
ple, acoustic and optical phonons limit electrical conduc-
tivity. Optical phonons strongly influence optical properties
of semiconductors while acoustic phonons are dominant
heat carriers in insulators and technologically important

semiconductors. The long-wavelength phonons gives rise
to sound waves in solids, which explains the name phonon.

Similar to electrons, one can characterize the properties
of phonons by their dispersion �(q), i.e., dependence of
the phonon frequency � on its wave vector q. In bulk
semiconductors with g atoms per unit cell, there are 3g
phonon dispersion modes for every value of q. In the limit
of long waves, three modes describe the motion of the
unit cell, and form the three acoustic phonon branches.
The other 3(g− 1) modes describe the relative motion of
atoms in a unit cell, and form the optical phonon branches.
Acoustic phonons have nearly linear dispersion, which can
be written as � = VSq (where VS is the sound velocity).
Optical phonons, in general, are nearly dispersion-less for
small q values (long-wavelength approximation) and have
a small group velocity VG = d�/dq.

Spatial confinement of phonons in nanostructures and
thin films can strongly affect the phonon dispersion and
modify phonon properties such as phonon group velocity,
polarization, density of states, and affect phonon inter-
action with electrons, point defects, other phonons, etc.
Figure 1 shows the phonon energy dispersion in a thin film
and a three-layered heterostructure for of the symmetric
(SA) and antisymmetric (AS) modes. The results are
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shown for the 6 nm-wide AlN slab and the three-layer het-
erostructure with the core layer thickness d2 = 4 nm. One
can see that the phonon dispersion in these structures is
very different from the bulk phonon modes. Modification
of the acoustic phonon dispersion is particularly strong
in freestanding thin films or in nanostructures embed-
ded into elastically dissimilar materials. Such modification
may turn out to be desirable for some applications while
detrimental for others. Thus, nanostructures offer a new
way of controlling phonon transport via tuning its disper-
sion relation, i.e., phonon engineering.2 The concept of
engineering (or rather re-engineering) the phonon disper-
sion in nanostructures has the potential to be as powerful
as the concept of the band-gap engineering for electrons,
which revolutionized the electronic industry.

In this paper I focus on acoustic phonons in hetero-
nanostructures. The optical phonon confinement in quan-
tum dots, Raman scattering from localized optical phonons
in nanostructures, phonon bottleneck and related issues
deserve a special analysis, which goes beyond the scope
of the present review. In the remainder of the paper, I pro-
vide a brief description of the phonon engineering concept
(Section 2), discuss the thermal conductivity in nanostruc-
tures (Section 3), describe a possibility of phonon depletion
in acoustically mismatched heterostructures (Section 4),
and present results related to phonons in biological systems
and hybrid bio-inorganic nanostructures (Section 5).

2. THE PHONON ENGINEERING CONCEPT

The idea of looking at the changes that acoustic phonon
spectrum experiences in heterostructures has a rather long
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history. In 1950s, Rytov published a series of theoret-
ical papers3 where he analyzed acoustic vibrations in
“artificial thinly-laminated media,” a structure, which now
would be referred to as a superlattice, and described
folded acoustic phonons in such media. The folded
phonons were later observed in quantum well superlat-
tices made of GaAs/AlGaAs and other semiconductors.4

In 1980s and early 1990s there have been large amount
of theoretical work done aimed at calculating the con-
fined acoustic phonon–electron scattering rates in free-
standing thin films and nanowires. Some notable exam-
ples of this work include papers from the research groups
of Stroscio,5 Mitin,6 Nishiguchi7 and Bandyopadhyay.8

Most papers on the subject used the elastic continuum
approach for calculating phonon dispersion and adopted
solution techniques developed in acoustics and mechan-
ics. The prime motivation was to see if the spatial con-
finement and quantization of the acoustic phonon modes
in freestanding thin films or nanowires produces notice-
able effect on the deformation potential scattering of elec-
trons. The opinions were split about how important the
acoustic phonon confinement in the description of elec-
tron transport in low-dimensional structures. Some theo-
rists argued that the phonon-confinement induced changes
for macroscopic characteristics, such as carrier mobility,
are not pronounced.7�9 Others have found that the defor-
mation potential scattering can be substantially suppressed
for certain electron energies.6�8 This earlier work focused
on the effects of the acoustic phonon confinement on elec-
tron transport in free-standing quantum wells and quantum
wires did not lead to experimental claims of significantly
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Fig. 1. Phonon energy dispersion in the thin film (slab) and three-
layered heterostructure of the symmetric (SA) and antisymmetric (AS)
modes. The results are shown for (a) the 6 nm width AlN slab and (b)
the heterostructure with the cladding (barrier) layer thickness d1 = d3 =
1	0 nm and the core layer thickness d2 = 4	0 nm. Inset shows the geome-
try of the slab and three-layered structure. The results are after Ref [14].

improved or deteriorated career mobility due to the modi-
fication of acoustic phonon dispersion.

The interest to the subject has been renewed
after Balandin and Wang10 have pointed out that the
confinement-induced changes in the acoustic phonon dis-
persion can lead to a much stronger effect on thermal
conductivity. Specifically, it was shown that cross-plane
confinement of acoustic phonon modes leads to in-plane
decrease of the average phonon group velocity with corre-
sponding increase of the phonon scattering and reduction in
the in-plane thermal conductivity. Before that, the acoustic
phonon confinement was only considered in the context
of its effect on the charge carrier mobility and electrical
conductivity. Decreased averaged phonon group velocity in
freestanding thin films or nanowires leads to the increased
acoustic phonon relaxation on point defects (vacancies,
impurities, isotopes, etc.), dislocations, as well as changes
in three-phonon Umklapp processes.11 Thermal conductiv-
ity reduction, being a bad news for thermal management
of downscaled electronic devices, is good news for the
thermoelectric devices, which require materials with high
electrical conductivity and low thermal conductivity.12

It was later shown theoretically13–14 that in the thin films
(quantum wells) or nanowires (quantum wires) embedded
in the “acoustically fast” or “acoustically hard” materials,
the phonon group velocity and thermal conductivity can
be enhanced along certain directions (see Fig. 2). Here,
an “acoustically fast” material is the one with a higher
sound velocity VS, while an “acoustically hard” material is
the one with higher acoustic impedance Z = �VS (� is the
mass density of the material). The phonon group velocities
in Figure 2 are shown as the functions of the phonon wave
vector for the shear polarization in AlN/GaN/AlN het-
erostructure with dimensions 2.5 nm/1 nm/2.5 nm. Notice
that the presence of the barrier layers with higher sound
velocity increases the phonon group velocity for the whole
heterostructure. A possibility of forming the phonon stop-
bands in quantum dot superlattices made of materials with
periodic modulation of Z, and inhibition of the thermal
conductivity, beneficial for thermoelectric applications has
also been predicted.15 As a result, the concept of phonon
engineering has been extended to include tuning of the
acoustic phonon transport to achieve the desired thermal
conductivity of the material. Due to the continuing reduc-
tion in the electronic device feature size and increased
integration densities, the thermal management at nanoscale
gains a particular importance.

More recently, the idea of engineering the phonon–
electron scattering rates received a new impetus. It was
suggested, based on theoretical calculations,13�16–18 that
the strong phonon confinement could be achieved if one
considers a hetero- or nanostructure coated with elasti-
cally dissimilar material. Nanostructures embedded into
acoustically mismatched matrix are more practical than
free-standing ones. In the case of embedded nanostruc-
tures, the phonon depletion with corresponding scattering
rate suppression can be achieved in acoustically harder
materials, while the phonon accumulation occurs in the
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Fig. 2. Phonon group velocities as the functions of the phonon wave
vector for the shear polarization. Results are shown for the AlN/GaN/AlN
three-layered heterostructure with dimensions 2.5 nm/1 nm/2.5 nm.
Notice that the presence of the barrier layers with higher sound velocity
increases the phonon group velocity for the whole heterostructure.
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acoustically softer material. Figure 3 presents a phonon
depletion coefficient for a three-layered acoustically mis-
matched heterostructure with the barrier layers made of
the acoustically soft material. The phonon depletion coef-
ficient �s is defined as a ratio of the elastic energy
inside the core layer to the elastic energy in the whole
heterostructure.17 Note that the positive values of deple-
tion coefficient for symmetric phonon modes ��SA�

s indicate
the ranges of the phonon wave vector q, for which the
lattice vibrations in the core layer of the heterostructure
are suppressed. For example, the value ��SA�

s = 2 corre-
sponds to the two orders of magnitude suppression. The
phonon depletion effect can be used in the design of the
nanoscale transistors, vertical metal-oxide-semiconductor
field-effect transistor (MOSFET), alternative-gate dielec-
tric transistors, etc. As the transistor feature size W reduces
well below the acoustic phonon mean free path (MFP), the
possibilities for engineering phonon dispersion to improve
the carrier and heat transport increase tremendously.

3. ENGINEERING THE PHONON THERMAL
CONDUCTION IN NANOSTRUCTURES

The change in the thermal conductivity of semiconduc-
tors due to the phonon confinement bares important con-
sequences for electronic industry in a view of continuous
miniaturization. Heat in technologically important semi-
conductors is mostly carried by acoustic phonons. The
feature size of the state-of-art transistor is already well
below the room-temperature phonon MFP in Si, which is
about 50 nm–200 nm according to different estimates and
measurements. In hetero- and nanostructures with feature
size W smaller than the phonon MFP, the acoustic phonon
spectrum undergoes strong modification and appears quan-
tized provided the structures are free standing or embed-
ded within material of different elastic properties.14�17 This
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Fig. 3. Phonon depletion coefficient for even symmetric (SA) phonon
modes in the core layer of the acoustically mismatched heterostruc-
ture. Positive values of depletion coefficient ��SA�

s indicate ranges of the
phonon wave vector q, for which the lattice vibrations in the core layer
of the heterostructure are suppressed.

modification is particularly strong when the structure fea-
ture size becomes much smaller than the phonon meat free
path, W �MFP, and approaches the scale of the dominant
phonon wavelength �0 � 1	48 VS�/kBT . Here kB is the
Boltzmann constant, T is the absolute temperature, � is the
Plank’s constant, and VS is the sound velocity. For many
crystalline materials �0 is on the order of 1.5 nm–2 nm at
room temperature, which is about the size of the transistor
gate dielectric thickness.

Thermal conductivity in plane of thin films or along the
length of nanowires can decrease for two basic reasons.
The first is the co-called classical size effect on thermal
conductivity related to the increased phonon-rough bound-
ary scattering.19 This effect is pronounced when W is on
the order of phonon MFP.1 It can be observed even in bulk
samples at sufficiently low temperature when the phonon
MFP is long. The phonon-rough boundary scattering is
also referred to as diffuse phonon scattering as opposed
to the specular phonon scattering from smooth interfaces.
The diffuse phonon boundary scattering contributes to the
structure thermal resistance, and thus is always detrimental
to excess heat removal and thermal management of ICs.
As a result, the “classical size effect” can hardly be viewed
as phonon engineering since it does offer tuning capabil-
ity for phonon properties other than the interface quality.
The situation is analogous to the electron band-structure
engineering, which essentially constitutes a tuning of the
electron wave function through the width and height of
the confining potential (not through the electron-boundary
scattering). In case of the phonon engineering, acoustic
impedance mismatch (or elastic constants discontinuity)
plays the role of the band-gap offset.2

If the structure dimensions W � MFP, a more interest-
ing effect takes place.10 Due to flattening of the dispersion
branches, the population average phonon group velocity
decreases leading to the increased phonon scattering on
defects and in Umklapp processes.10–11 As a result, the
in-plane thermal conductivity in freestanding thin films or
nanowires can be significantly reduced. As one can see
in Figure 4, acoustic phonon confinement leads to the
reduction of the thermal conductivity even in a nanowire
with ideally smooth surface. The effect is analogous to the
group velocity change of the electromagnetic wave when
it propagates in a waveguide instead of an unbounded free
medium. Thus, a semiconductor nanowire can be viewed
as a phonon waveguide with loss due to phonon scattering
on point defects, dislocations, etc. This mechanism con-
stitutes the phonon confinement effect on thermal conduc-
tivity along the axis of a nanowire or in-plane of the thin
film. It is independent from the “classical” phonon-rough
boundary scattering mechanism of thermal conductivity
reduction (see Table I). Since the features of phonon spec-
tra determine the phonon confinement effect, the latter can
be re-engineered in nanoscale structures through the choice
of their materials, sizes and shape.

1018 J. Nanosci. Nanotech. 5, 1015–1022, 2005
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Fig. 4. Thermal conductivity in Si nanowire of diameter 20 nm and Si
thin film of 20 nm as a function of the interface roughness parameter
(specular scattering fraction p). The results are shown at room tempera-
ture. For comparison the bulk thermal conductivity value in Si is shown
by the straight line.

Thermal conductivity reduction is bad news for heat
removal from downscaled electronic ICs or integrated
optoelectronic devices. For some period of time, it has
been assumed that the phonon spectrum modification,
much like the phonon–rough boundary scattering, can
only lead to the reduction of thermal conductivity. Very
recently, Balandin et al.13–14 suggested that embedding
nanostructures into “acoustically faster” or “acoustically
harder” barrier (cladding) layers could cure the situation or
even reverse it (see Figure 2). In the described phenomena,
the lateral (cross-plane) confinement of acoustic phonon
modes in structures with W � MFP affects the in-plane
(along the length) phonon and heat transport. This example
shows how the phonon engineering (controlled modifica-
tion of the phonon spectrum) can mitigate the problem of
heat removal.

Our discussion so far was limited to the thermal con-
duction along the length of a nanowire or in plane of a
thin film. The role of the boundaries was to change the
phonon dispersion relation (spectrum) and, unavoidably,
introduce an extra thermal resistance owing to the phonon-
rough boundary scattering. Thermal transport through the

Table I. Phonon transport regimes.

Dominant scattering
Scale Phonon dispersion processes

L� MFP bulk dispersion • three-phonon Umklapp
• point defects

�0 � L≤ MFP bulk dispersion • three-phonon Umklapp
• point defects
• boundary scattering

�0 ≤ L� MFP modified dispersion
with many phonon
branches populated

• three-phonon Umklapp
• point defects
• boundary scattering

L < �0 modified dispersion;
only lowest phonon
branches populated

• ballistic transport

interface between two materials (cross-plane) is strongly
affected by the Kapitza resistance, which is also referred
to as the thermal boundary resistance (TBR). The signif-
icance of Kapitza resistance in thermal management of
electronic circuits increases due to the increasing number
of layers and interfaces in ICs, the use of dissimilar mate-
rials, like those in silicon-on-insulator (SOI) structures,
and the fact that a large thermal gradient in ICs is across
the layers. In the case of nanostructured materials such as
quantum dot superlattices (QDS), the Kapitza resistance
can be strongly entangled with the phonon spectrum mod-
ification and phonon scattering.20

Experimental developments in the field have been some-
what slower than the theory. The latter is mostly explained
by difficulties in measuring thermal conductivity of sin-
gle nanostructures. Recently, Li et al.21 reported results
of the measurement of the thermal conductivity in a sin-
gle crystalline free-surface Si nano-wires with diameters
as small as 22 nm. The authors experimentally observed
a more than an order of magnitude decrease of the ther-
mal conductivity in such nanowires, from K= 145 W/cmK
in bulk Si to K ∼ 9 W/cmK in Si nanowire at T =
300 K. The measured value was in excellent agreement
with the earlier theoretical prediction of thermal conduc-
tivity value of 13 W/cmK for 20 nm Si nanowire at T =
300 K.11 The prediction of Zou and Balandin11 was based
on the calculation, which took into account both the acous-
tic phonon-boundary scattering and the phonon dispersion
modification. Y. Bao et al.22 investigated the thermal and
electrical conductivity in Ge/Si quantum dot superlattices
(QDS) with different quantum dot size (deposited Ge layer
thickness is 12A, 15A and 18A, respectively). Thermal
conductivity has been measured as a function of temper-
ature T from 4 K to 400 K using the 3� method. An
order of magnitude decrease in the thermal conductivity
and shift of its peak position to higher temperatures has
been consistently observed for all samples. The thermal
conductivity varied as T 0	7–T 0	9 for temperature T below
200 K (see Figure 5).

4. PHONON DEPLETION IN ACOUSTICALLY
MISMATCHED NANOSTRUCTURES

Spatial confinement of acoustic phonons in nanoscale
structures with the large mismatch of the acoustic
impedances Z = �VS, at the interfaces (boundaries) can
strongly affect the phonon spectrum and substantially
modify the electron–phonon interaction in comparison
with bulk. In such structures, both confinement of elec-
tron states and acoustic phonons should be taken into
account while calculating the scattering rates. Pokatilov
et al.17 have recently shown theoretically that the phonon
population in thin films or nanowires embedded into
acoustically softer materials can be depleted, and the
carrier-phonon scattering rate is suppressed. The latter is

J. Nanosci. Nanotech. 5, 1015–1022, 2005 1019
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Fig. 5. Measured temperature dependence of the thermal conductivity
for three Ge/Si quantum dot superlattices. Three samples are character-
ized by different thickness of the deposited Ge layer. Inset shows the
heater-thermometer fabricated on top of the sample for the thermal con-
ductivity measurements by the 3� technique.

achieved if the nanostructure parameters (diameter, inter-
face, mass density) are properly tuned and Zinside >Zmatrix.
This effect can be used to suppress the inelastic scattering
in nanowires and increase electron carrier mobility (see
Fig. 3).

The physical origin of the described phonon depletion in
the core layer of the acoustically mismatched heterostruc-
ture is redistribution of the displacement components (lat-
tice vibrations), which leads to the situation when there
are much less lattice vibrations in the core layer than in
acoustically “soft” cladding layers. The latter is illustrated
in Figure 6, which shows the components wSA

1� s=1�x3� q�
(upper panel) and wSA

3� s=1�x3� q� (lower panel) of the vibra-
tion amplitude vector wSA

1� s=1�x3� q� as the functions of the
phonon wave vector q and coordinate x3 along the struc-
ture growth direction (across the planes). Details of the
calculations are given in Ref. [17]. Note that the displace-
ment component surfaces are nearly flat and close to zero
inside the core layer of the heterostructure while the ampli-
tudes of vibrations are high in the cladding layers. Similar
dependence is observed for other confined phonon modes.

Another interesting effect, within the phonon-
engineering approach, is the predicted formation of the
phonon stop-bands (PSB) in nanostructures with periodic
modulation of the elastic constant values. Drawing on the
analogy with the photon band gap materials, Balandin
et al.23 have shown using the elastic continuum approxima-
tion that the acoustic phonon propagation can be inhibited
along certain directions in three-dimensionally (3D) regi-
mented QDS with the appropriately chosen parameters. It
has been also demonstrated that for the realistic quantum
dot parameters (dot size is few nanometers) it is possible
to achieve a stop band in the phonon energy range that
affects the value of the thermal conductivity tensor. The
latter may lead to a novel way for thermal conductivity
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Fig. 6. Illustration of the phonon depletion in the thin core heterostruc-
ture layer embedded within acoustically soft barrier layers. Components
of the vibration amplitude vector are shown as the functions of the
phonon wave vector q and coordinate x3 along the structure growth direc-
tion (across the planes). Note that the displacement component surfaces
are nearly flat and close to zero inside the core layer of the heterostruc-
ture while the amplitudes of vibrations are high in the cladding layers.
Results are after Ref. [17].

reduction and for increasing the thermoelectric figure of
merit of nanostructured materials.

Imamura and Tamura24 theoretically studied a somewhat
related effect of the acoustic phonon lensing in anisotropic
crystalline slabs. Lacharmoise et al.25 have experimentally
demonstrated that the low energy phonons can be strongly
confined in semiconductor acoustic microcavities. The con-
clusion was based on Raman scattering study of acoustic
phonons confined in planar GaAs/AlAs phonon cavities.
The authors observed a huge increase in Raman signal in
phonon cavities when the maximum of the acoustic and
optical fields were tuned exactly at the same location.25

The proposed phonon lenses and phonon reflectors together
with the acoustically mismatched heterostructures12�17 sig-
nificantly extend the phonon engineering concept and can
be incorporated to the building blocks of future phonon-
engineered nanodevices.

5. PHONONS IN HYBRID BIO-INORGANIC
NANOSTRUCTURES

Properties of phonons in biological or hybrid bio-inorganic
systems are significantly different from those in con-
ventional semiconductor materials. Hybrid systems are
particularly interesting from the phonon-engineering point

1020 J. Nanosci. Nanotech. 5, 1015–1022, 2005
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Fig. 7. TEM micrograph of a single 300 nm long TMV virus used
as a rod-shaped nano-template (left panel); Pt coated TMV end-to-end
assembly right after the reaction (middle panel); and Pt coated TMV
end-to-end assembly 20 minutes after the reaction (right panel).

of view due to significant mismatch of the acoustic
impedance at the interface between bio and inorganic
materials. The specifics of phonon spectrum and phonon
transport in hybrid bio-inorganic nanostructures can pro-
vide valuable information about the properties of bio-
inorganic interfaces. Hybrid bio-inorganic nanostructures
may also offer some properties beneficial for the carrier
transport. In addition, the knowledge of phonon modes in
such hybrid structures can be used to monitor the synthesis
of these structures.

Interesting examples of the bio-inorganic nanostruc-
tures are functionalised plant viruses. Recently, tobacco
mosaic viruses (TMV) have been utilized as biological
templates in the synthesis of semiconductor and metallic
nanowires.26–27 They were also proposed as elements in the
hybrid nanoelectronic circuits. TMV viruses have cylindri-
cal shape and suitable dimensions: they are 300 nm long,
18 nm in diameter and with a 4 nm in diameter axial
canal Figure 7 shows transmission electron microscopy
(TEM) micrographs of a single rod-shaped 300 nm long
TMV virus, Pt coated TMV end-to-end assembly right
after the chemical reaction, and Pt coated TMV end-to-
end assembly 20 minutes after the coating reaction. Since
these viruses have the diameters of the same order of
magnitude as diameters of semiconductor nanocrystals and
nanowires, elastic vibrations of TMV manifest themselves
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Fig. 8. Raman spectrum of Au-Pt-coated TMV viruses. Some of the
characteristic optical phonon peaks are shifted from their position in pure
TMV samples indicating changes in vibrational modes.
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Fig. 9. Calculated dispersion of the lowest phonon modes with circum-
ferential quantum number m = 0 for TMV virus used nano-template.
Solid (dashed) lines correspond to the radial-axial vibrations in air
(water). Dotted lines correspond to the torsional vibrations. Dash-dotted
line marks the sound velocity of water. Results are after Ref. [28].

in low-frequency Raman scattering spectra. The knowl-
edge of the low-frequency vibrational modes of the viruses
is important for interpretation of Raman spectra and mon-
itoring the template-based chemical assembly processes
(see Figure 8).

Fonoberov and Balandin28–30 have theoretically studied
the low-frequency vibrational modes of TMV and M13
viruses used for nanoelectronic self-assemblies. The radial
breathing modes of TMV and M13 viruses in air are found
to be 1.85 cm−1 and 6.42 cm−1, respectively. If the viruses
are in water, the above frequencies become 2.10 cm−1 and
6.12 cm−1, respectively. Figure 9 presents the calculated
dispersion of the lowest phonon modes with circumferen-
tial quantum number m= 0 for TMV viruses used as nano-
templates. Here, solid (dashed) lines correspond to the
radial-axial vibrations in air (water), while the dotted lines
correspond to the torsional vibrations. The dash-dotted line
marks the sound velocity of water. Details of the calcula-
tions can be found in Refs. [28–29].

6. CONCLUSIONS

The paper reviews the development of nanophononics, a
new sub-field of nanoscale science, which deals with the
properties of phonons in nanostructures and approaches to
control phonon dispersion in nanostructures, i.e., phonon
engineering. The review focuses on methods of tuning the
phonon spectrum in acoustically mismatched nano- and
heterostructures in order to change the thermal and electri-
cal conductivity. Some approaches for the electron–phonon
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scattering rates suppression, formation of the phonon stop-
bands and phonon focusing are discussed. The specifics
of phonon spectrum in biological and hybrid bio-inorganic
nanostructures are also addressed.
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