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Abstract. Rapid development of nanomaterials opens a wide horizon for their applications, medicine being one of them. 
Nanomaterials and nanodevices are in use both in the human body and as medical nanosensors. Reliable employment of materials 
requires trustworthy detection of their properties. Characterization of both the nanomaterials and nanosensors should be supplied 
at the nanoscaled dimension. To avoid disturbing gentle nanoobjects, measurements of them with contactless techniques are 
preferable. Low energy electron has a mean free path in a solid that is of the order of nanoscale. Therefore, a prethreshold (energy 
of the emitting electron is close to the electron work function) electron emission contactless spectroscopy could become an 
efficient instrument both for characterization of nanostructured materials and nanosensing. Weak emission (~ 10–16…10–15 Q/cm2) 
of electrons from a solid does not give a significant feedback to measurements in the sense of the negligible inducted electrical 
charge at the material surface (the density of the surface electrons in the solid is around 1014 cm–2). The paper reviews photo-, 
dual-, and exo-electron emission fundamentals and their applications for the characterization of nanoobjects (concentration of 
pointlike imperfections, their annealing, migration, surface charge of nanoparticles, energy gap, electron density of states, 
thickness of thin films and interfaces between them and the substrate) as well as gas and ionizing radiation. The ways for medical 
applications are indicated. 
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1. INTRODUCTION 

 
Rapid development of nanotechnologies opens a wide 
horizon for applications of nanomaterials and nano-
devices in different fields, medicine being one of them. 
Nanomaterials and nanodevices are in use both in the 
human body, as medical sensors, etc. Advances of local 
radiation therapy technologies provide the necessity of 
nanodosimetry (dose measurement at the nanovolume), 
that could be achieved, when the dosimeter is fabricated 
from the nanostructured material. Medical applications 
of nanomaterials, including their characterization, and 
provision of nanosensors are under fast development. 
Alongside with that, nanodosimetry is going ahead, too. 
The above trends are characterized by a rising number of 
publications in the corresponding area (Fig. 1). 

Reliable employment of materials requires trust-
worthy detection of their properties. To avoid disturbing 
gentle nanoobjects the contactless characterization is 

preferable. The present review focuses on a low energy 
electron weak emission to demonstrate its possibilities 
for the contactless technique to characterize nanoobjects, 
chemical and radiation sensing for medical applications. 

Low energy (a couple of eV or less) electron has a 
mean free path in a solid that is in order of nanoscale. To  
 
 

 
Fig. 1. Annual number of publications (Scopus data base) 
related to the key words: medical gas sensors, medical radia-
tion nanodosimetry, medical nanomaterials, and characteriza-
tion [1–3]. 
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Fig. 2. The magnitude of the electron mean free path in a solid 
material as a function of E [5]. 

 
 

provide emission of such electrons they should be 
excited at the prethreshold mode, when the energy of the 
emitting electron is slightly higher than the electron work 
function (an energy threshold to escape the electron). In 
this case, the energy ( )E  of the energized electron is just 
several eV [4] and its mean free path ( )L  in the solid 
corresponds to the nanodimension (Fig. 2) [5]. 
 
 
2. FUNDAMENTALS  OF  THE  PRETHRESHOLD  
ELECTRON  EMISSION 
 

2.1. Photoelectron  emission 
 

The current ( )I  of the prethreshold single photon 
excited electron emission (photoelectron emission) is 
described by the classical formula 

 

( ) ,mI K hν ϕ= −                             (1) 
 

where K  is a coefficient, hν  is the energy of the 
exciting photon, and ϕ  is the electron work function. 

For the prethreshold emission mode ( ),hν ϕ≥  the 
values of ϕ  are equal to several units of eV (~ 5 eV) [4], 
and therefore L  of the photoelectron within the emitter 
is around 10–100 nm (Fig. 2). To emit the electron, it is 
excited from the initial (i)  to the final (f )  energy state 
that correspond to the energies iE

 and  The emission current is given as [6]: 
 

i f
0

~ ( ) ( , )d ,
W

I N E N E h Eν∫                  (2) 

 

where i f,N N  denote the density of the initial and final 
electron states, correspondingly. 

The energy of the emitted electron above the vacuum 
energy level, ,W  can be expressed as 

 

f vac i vac ,W E E h E Eν= − = + −  
 

where vacE  is the energy of the vacuum level. 
When emission of electrons is provided from the 

local state ( const),iE =  one could find [7] that 
 

i f
d ~ ( ) ( , ),

d
I N W N W h

W
ν  

or 

i f
d ~ ( ) ( , ).

d( )
I N W N W h

h
ν

ν
                    (3) 

The formula (3) gives an instrument to estimate 
electron density of states, if the emission current is 
measured as a function of .hν  

The electron work function in the case of emission 
from metals and semimetals that do not have an energy 
gap ( )gE  is equal to the electron affinity .χ  For the 
materials with gE  (semiconductors, dielectrics): 

 

.gEϕ χ= +  
 

As noted in [8], 1m >  in the majority of electron 
transitions caused by the photons. This means that a 
small increment of ,ϕ  stipulated by a surface charge, 
and reconstruction of the electron density of states, etc., 
influence I  very strongly (actually I  amplifies ).ϕ  

 
2.1.1. Limitations to characterize nanoobjects 

 
Geometrical limitation. As an a priori condition, a 
mean free path of the emitting electrons must not exceed 
the size of the nanoobjects. In this case, the energy ,E  
supplied to the electron to escape it, is limited with ,L  
as shown in Fig. 2. Because of the above mentioned 
typical values of ,ϕ  the corresponding magnitudes of L  
are placed in a range from 10 to 100 nm. 

In this case the number of electrons (~ 10–16… 
10–15 Q/cm2 [7]) that emit is from just 10–15%…10–13 % 
of the emitter electron concentration (~ 1023 cm–3). This 
corresponds to the number of the excited electrons 
(photoelectron emission quantum yield < 10–7 [8]) <  

10–8%…10–6 % that, hopefully do not influence the 
properties of the measured nanoobject significantly. This 
means that the emission measurements do not give an 
important feedback to the tested object. 

Quantum mechanical limitation. When the 
electron leaves the atom, the latter acquires location 
uncertainty x∆  because of the Heisenberg principle: 

 

,
4

hx
pπ

∆ ≥
∆

                                 (4) 

 

where h  is the Planck constant, 154.14 10 eV sech −= ×  
and p∆  is the uncertainty of the atom’s momentum .p  
To ensure that the emitted electron escapes from the 
nanoobject, the size of the latter should be larger than 

.x∆  
Assuming that the atom had zero momentum before 

interaction with the photon, the “bumping” of the atom 
by the photon increases p  until the photon momentum 
value h cν  (c  is the speed of the light). Therefore 

 

.hp
c
ν∆ =  
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Because the magnitude of the photon energy should 
be in accordance with the condition ,hν ϕ≥  and 
typically 5 eV,ϕ ≅  then one could estimate that 

0.2 nm.x∆ ≈  However, in some cases, ϕ  could be 
rather small and therefore, correspondingly, x∆  
increases. 

 
2.1.2. Instrumentation 

 
As it is noted above, the photon energy should be as 
close as possible to the electron work function .hν ϕ≈≥  
To supply the single photon electron emission mode and 
to avoid multiphoton effects as well as heating of the 
tested object, the flux of the photons should be rather 
weak. This stipulates small values of .I  Because of this, 
very sensitive electron detectors must be used. Typically 
the secondary electron multipliers that have a noise of 
0.1–1 electron/s are applied. 

On the other hand, the value of I  should excess its 
uncertainty (to reach reliable measurements) that is 
minimally equal to 1 2I  as the current obeys the Poisson 
statistics. For the reasonable < 10% uncertainty, if the 
current measurement unit is electron/s, we have 

 
1 2 0.1I I <  or 210 electron/s.I >  

 

The value of χ  could be affected by ions/dipoles 
sorption/desorption on/from an emitter surface. This 
asks for stable and “passive” environment (preferably 
vacuum; 10–2…10–7 Pa [9,10]) for electron emission 
measurements. 

Typically the surface of the emitter is not uniform in 
the sense of .ϕ  As a result, a contact potential 
difference is induced between the surface areas. This 
decreases/increases I  from the places with lower/higher 

,ϕ  correspondingly [8]. In fact, when characterization 
of ϕ  distribution is the aim of measurements, their 
results could become false. To avoid this, an external 
compensating electrical field ~ 102…103 V/cm, directed 
from the surface to the detector, should be provided [8]. 

To select the photon energy, the eligible mono-
chromator should be provided, too. 

 
2.2. Dual  electron  emission 

 
In the tested object that has an energy gap ( ),gE  
electrons and holes are generated under the photons 
having the energy .ad gh Eν ≥  The excited charge 
carriers are mobile and therefore provide an opportunity 
to compensate the surface charge that is caused by the 
Fermi level pinning at the surface [11] and by adsorbed 
ions/dipoles [12]. The charge influences .χ  When 
photoelectron emission (PE) is provided and adhν  is 
switched on/off, keeping the condition ,adh hν ν<  an 
increment ( )I∆  of I  is induced because of the χ  
shift. Such the technique is a dual emission (DE) mode 
of PE. 

The values of I∆  may be calibrated in terms of the 
surface charge density, alteration of I∆  in time 
reflecting surface electrical potential relaxation, induced 
by switched on/off adhν  photon flux [13]. 

 
2.2.1. Instrumentation 

 
The DE technique is similar to the one that is in use to 
detect PE; additional light source and monochromator to 
select suitable adhν  should be incorporated. 

To minimize the influence of hν  on DE, the flux 
( )F  of hν  should be in accordance with 

 

,adF F<<  
 

where adF  is the flux of adhν  photons. 
 

2.3. Exoelectron  emission 
 

When heat is provided to the analysed object, relaxation 
processes within the surface layer, radiated with photons 
and emitting electrons, are induced; the values i ,N  f ,N  

,χ  and gE  alter and I  is expressed as 
 

( )( ) ( )[ ( )] ,m TI T K T h Tν ϕ= −  
 

where T  is temperature of the tested object; const .T ≠  
This is the exoelectron photothermostimulated 

emission mode (PTSE) [10,14]. To reach PTSE, two 
steps are needed. First, a tested object at iT T=  has to 
be provided with imperfections (because of techno-
logical processing, etc.). Their concentration should not 
be in a thermodynamically equilibrium state, if i .T T>  
In this way increase of T  induces relaxation of imper-
fections, PTSE being supplied. 

In some cases the relaxation processes could transfer 
the energy directly to the electron to escape it [10]; the 
photon is not necessary. Such mode is named thermo-
stimulated exoelectron emission (TSEE). 

The exoemission current EEI  depends on T  as 
Fig. 3 demonstrates. 

 
 

 
 

Fig. 3. Typical IEE spectrum; Ti and Tf are the initial and final 
temperatures of the spectrum, and Tmax is the temperature of its 
maximum. 
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TSEE is typically delivered because of the following 
mechanisms: 
a) thermoionisation of local states, trapping electrons 

and belonging to the imperfections [10]; such a 
mechanism is available in materials with a wide gE  
and small ;χ  

b) Auger transitions of electrons [10], from local 
electron traps of imperfections; this channel is 
available when ;gE χ>  

c) field emission from the electron traps by imperfec-
tions, because of the heat induced electrical 
polarization/depolarization of the emitting surface 
layer [15]. 
PTSE is provided as a single photon prethreshold 

PE, when heat causes: 
a) modulation of the density of the electron emitting 

local states induced by imperfections [14,16]; 
b) shift of the Fermi level because of a) [16]. 

The above mechanisms fit materials, having the 
energy gap. Exoemission from metals is supplied 
perhaps from their surface oxides having properties of 
insulators or semiconductors [10]. 

For the ionization mechanism, maxT  corresponds to 
the ionization potential of the electron trap [16]. There 
are experimental evidences [10] that 

 

( )~ d d ,EEI T C T                          (5) 
 

where C  is the concentration of relaxing imperfections. 
The total emitted charge ( )Q  is directly proportional 

to C  at iT  [10,14]. The activation energy ( )rE  of 
relaxation for the simplest first order annealing reaction 
may be estimated as [10,14] 

 

ln[ ( ) ( )],r EEE kT I T N T= −                   (6) 
 

where k  is the Boltzmann constant, ( )N T =  

( )d .
fT

EE
T

I T T∫  

In the case of semiconductors, the exoemission 
spectrum is modified by annealing of the point type 
complexes of the defects, supplying single imperfec-
tions. Thus the reaction is represented by the build-up 
branch of the spectrum i max( )T T T< <  [14]. 

For the first order reaction activation energy of 
complexes, annealing act( )E  is available from the 
formula (6) [14]. However, fT  should be replaced with 

maxT  [14]. 
The build-down branch of the EE spectrum 

max f( )T T T< <  corresponds to the migration of the 
generated single imperfection to the surface of the 
specimen, because of the complexes dissociation due to 
annealing. An activation energy of migration m( )E  in 
the case of uniformly distributed single defects within a 
specimen may be estimated from the formula [14] 

 

max

max
m

( )d
( )( )

ln .
( ) d

EE

EEEE

EE

I T
I TI T

E kT
I T T

 
 
 = −          (7) 

 
2.3.1. Instrumentation 
 
The above instrumentation to detect PE and DE fits also 
exoemission measurement conditions. However, heating 
of the tested object should be provided in addition. The 
temperature of the specimen should not lead to the 
situation, when a significant thermoelectron emission 
current is excited that is the noise for exoemission. 
 
 
3. APPLICATIONS  OF  THE  PRETHRESHOLD  
ELECTRON  EMISSION  SPECTROSCOPY 
 

3.1. Characterization  of  semiconductors 
 

Semiconductors are widely used in medicine to fabricate 
mico- and nanocircuits as pulse oximeters, weight 
scales, glucose meters, digital thermometers, pulse/ 
blood pressure monitors, electrocardiogram devices, 
insulin pumps, digital stethoscopes, scanning equipment 
(ultrasound, MRI, digital X-ray, PET, optical, others), 
bone replacing implants and grafts, etc. 

Functional properties of the semiconductor depend 
on ,gE  concentration of imperfections and their 
stability, relaxation rate of the electrical charges, etc. 

The mechanical tensions at the nanolayers could 
strongly control .gE  Influence of any mechanical load 
on a negative increment of the silicon gE  [17] was used 
to identify the location of the mechanical tension, 
induced in a Si surface nanolayer (100 nm) because of 
its local doping with boron [18]. A distribution of ,I  
related to the tensions over the surface, is demonstrated 
in Fig. 4. A crown at the boundary of the image corres-
ponds to concentrators of local tensions. 
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Fig. 4. Distribution of I, related to mechanical tensions over 
the Si surface [18]. 
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The application of DE to identify gE  value of the 
CdTe crystal surface layer (~ 1000 nm) was reviewed 
in [19]. Figure 5 provides I∆  as a function of .adhν  The 
condition 1.4 eVad gh Eν = =  was satisfied at 0.I∆ =  

A possibility to estimate the point type imperfections 
concentration, generated in a crystalline Si by As+ ion 
radiation (50 keV), was demonstrated in [20]. Measured 
Q  value of PTSE (Fig. 4) was proportional to the 
delivered fluence ( )F  of ions (Fig. 6). The value of Q  
was sensitive to 10–6 atomic % of As atoms concentration. 

Tetra vacancies 4( ),V  generated in a monocrystalline 
Si nanolayer (~ 100 nm) because of P+ ions (100 keV) 
radiation, were identified in [20]. The activation energy 

rE  of complexes annealing was acquired from PTSE 
measurements due to calculations in Eq. (4). The value of 

rE  decreased at high values of the delivered fluence 
(> 5.1014 cm–2) because of interactions among 4V  (Fig. 7). 

 
 

 
 

Fig. 5. The dependence of ∆I on hνad for CdTe surface layer to 
identify its Eg [19]. 

 
 

 
 

Fig. 6. Dependence of Q on the As+ ions fluence supplied to 
Si [21]. 

 
 

 
Fig. 7. Er of Si tetra vacancies as a function of P+ ions 
fluence [20]. 

 
 

Fig. 8. Em of Si single defects as a function of electron 
fluence [20]. 

 
 

 
 

Fig. 9. ∆I of CdTe, influenced by hνd , versus time [19]. 
 
 

The activation energy (7) of migration of single 
vacancies, generated in a monocrystalline Si owing  
to dissociation of the vacancy contending defect 
complexes, was identified in [20]. The complexes were 
induced due to electron radiation (5 MeV). The value of 

mE  decreased at F > 4 × 1015 cm–2 (Fig. 8) that was 
stipulated by interference of imperfections. 

The DE mode, reviewed in [19] was applied to 
measure excitation and relaxation times of the charge at 
the CdTe crystal surface layer (~ 1000 nm). When the 
flux adF  was switched ( )adhν+  the value of I∆  
increased in time (Fig. 9). However, when adF  was 
switched off ( ),adhν−  I∆  relaxed. The estimated 
excitation and relaxation times were 3 and 2.5 min, 
respectively. One could assume that the detected times 
corresponded to the slow surface local states. 

 
 

3.2. Nanofilms  and  interfaces 
 

A possibility to apply PE to estimate the thickness of the 
Si3N4 nanofilm that is widely in use for nanoelectronics, 
(particularly medical electronics) was reviewed in [19]. 
The film was deposited with a variable thickness  
(5–100 nm) on the Si substrate. Because of simultaneous 
PE from both the film and the substrate,  that are  charac- 
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Si

Si3N4
1000 Å

50 Å

 
 

Fig. 10. PE current distribution as a function of the Si3N4 
thickness1 [19]. 

 
 

 
 

Fig. 11. IEE of the multilayer system Si3N4/SiO2 [21]. 
 
 

terized with different ,ϕ  the value of I  depended on 
the thickness of the film. Figure 10 provides the I  
distribution over the film surface. 

Local states were identified at the interface between 
SiO2 substrate and Si3N4 nanofilm (10 nm) [22]. The 
structure was radiated with weak electrons from the film 
side. The electrons were delivered with different energy 
to fill in the traps in the Si3N4 and Si3N4/SiO2 interface. 
TSEE was detected after radiation. The EEI  spectrum of 
Si3N4 significantly differs from the one, when the 
Si3N4/SiO2 interface was radiated (Fig. 11). 

 
 

3.3. Nanoparticles 
 

Hydroxyapatite (HAP) nanoparticles are widely used for 
grafting of human bones, to assemble bioceramics, etc. 
The HAP surface should have specific properties to 
communicate with human cells. The electrical inter-
action is the important channel for this [22]. 

                                                                 
1  With the courtesy of the author’s colleague Dr. A. Balodis, 

Riga Technical University, Latvia. 

 
Fig. 12. Correlation of φ and the size X of nanoparticles 
[23,24]. 

 
 
It is known that mechanical surface tensions depend 

on the size of the sphere-like particles. This could 
influence the surface charge density, particularly in the 
case of ion crystals. As a result, the surface charge 
influences .ϕ  Figure 12 [22] demonstrates the correla-
tion between ϕ  and the size (X) of the hydroxyapatite 
nanoparticles. Computational simulation evidenced that 
this was stipulated by alteration of the electron state 
density, induced by protons of HAP [23]. 

The results were used to improve bone osteoblastic 
cell immobilization and proliferation for bioimplant 
HAP based ceramics [24]. 

 
 

3.4. Bone 
 

The PE and DE were applied alongside with fluores-
cence measurements to explore electron states of the 
bovine bone [25]. The result presented in Fig. 13 
evidence that the bone has semiconductor-like energy 
gaps. 
 
 

 
 

Fig. 13. Electron density of the states in bone [25]. 
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This was used for the preclinical trial (animal experi-
ments) to control healing of the bone defect. The bone 
surface was recharged, by the electrical charge carriers 
that were produced by photon radiation [26]. 

 
3.5. Gas  and  radiation  sensing 

 
Gas sensing and ionizing radiation are correspondingly 
employed for cancer diagnostics and therapy. 

According to medical research, patients with cancer, 
diabetes and chronic obstructive pulmonary disease have 
very specific volatile organic compounds (VOC) in their 
exhaled gases [27–29]. Pathologically increased con-
centrations of VOC, such as benzene, acetone, toluene, 
pentane, and hexane, which are the metabolites of 
cancer cells, are very specific for oncology patients. 

Crystalline Si specimens, prepared from Si (p-type 
conductivity, partial resistance 10 Ω cm, thickness 
0.2 mm) and having a mirror-like polished surface, were 
deposited with benzene gases [30,31]. Absorption of gas 
molecules altered ϕ  that provided the I  response of 
PE. Gas absorption induced increment of the emitted 
charge indicated the volume of the molecules, attached 
to the wafer surface. Figure 14 demonstrates gases 
exposure dependence on the PE total emitted charge 
increment. 

The sensitivity of the above approach was evaluated 
as 10–5 gram of benzene for 1 cm2 of the adhering wafer 
surface [30,31]. 

Modern radiation therapy (RT) technologies and the 
needs of molecular and micro radiobiology have 
necessitated the detection of radiation, absorbed by 
micro/nano volumes. There are several reasons why 
nanodosimetry (ND) is of great importance: (i) bio-
logical effects caused by radiation depend on the dose, 
absorbed by nanosized DNA units; (ii) there is a trend in 
radiation therapy to apply high dose gradients 
(Gy/(µm…nm)), survival of the cells depends on the  
 

 

 
 

Fig. 14. Emitted charge increment versus exposure in benzene 
gas [32]. 

gradient value; (iii) nanoparticles as radiation scattering 
centres are expected to reach local micro-nano-scaled 
treatment that minimally influences risk organs/cells; 
(iv) radiation sensitive nanoparticles have the ability to 
penetrate from the environment to human body. 

However, there are still no detectors that measure 
radiation in nanovolumes. Extrapolation of measurement 
results from the macro/micro to nano volumes, if the 
macro/micro sized currently available dosimeters are in 
use, provides a high uncertainty. This is connected with 
the Poisson statistics of the dose (D), its uncertainty 
1/D1/2 strongly increasing, when the radiation absorbed 
volume is very small. 

To fix the problem, a nanosized detector should be 
reached; nanoobjects are great candidates to become the 
dosimeter sensitive element. There are just a few of 
examples to get the nanodosimetry like sensor. For 
instance, a TeO2-based thin film detector, having a 
thickness of 300 nm, has been demonstrated [32]. The 
electrical measurements of the radiation-induced prop-
erties of the detector material were employed to provide 
a readout of D [32,33]. However, annealing is required 
to renew a dosimeter [33]. In this case, electrical contact 
degradation [33] makes it difficult to use a thin film 
dosimeter repeatedly [33]. A contactless detector could 
be a good option for solving this problem. 

The possibility to apply PE and PTSE for the nano-
dosimetry purposes is considered in [34]. An example is 
given, when PbS nanodots, imbedded in a ZrO2 nano-
film, were employed [31,34]. The ZrO2 : PbS films were 
fabricated using the sol-gel technique [35] with 20% 
concentration of PbS nanodots. The films were 
deposited on a glass substrate. Thickness of the films 
was 0.1–1 µm. Typical size of PbS nanodots was  
2–4 nm. ZrO2 : PbS films were radiated with 9 MeV 
electrons supplied from the medical linear accelerator. 
PE current was detected before and after radiation. The 
corresponding increment [d d( )]I hν∆  recognized at 
5.75 ± 0.03 eV correlated with the delivered dose 
(Fig. 15). 

 
 

 
Fig. 15. Increment of ∆[dI /d(hν)] inspired by the delivered 
dose to the ZrO2 : PbS nanofilms [31,34]. 
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4. CONCLUSIONS 
 

Prethreshold photo-, dual-, and exoemission are capable 
to supply a sensitive, contactless technique to 
characterize nanomaterials (concentration of point type 
imperfections, their annealing and migration, inter-
action; density of the electron states; thickness of nano-
films and interface/boundary between them; surface 
charge of the nanoparticles), gas and radiation sensing 
towards medical applications. 

Weak emission (~ 10–16…10–15 Q/cm2) of electrons 
does not give a significant feedback to measurements in 
the sense of the possible influence of the emission 
inducted electrical charge at the material surface. 

To analyse nanoobjects, their size is limited with a 
range of 10–100 nm. The quantum mechanics limitation 
gives the uncertainty around 0.2 nm. 

The minimal threshold concentration of the 
implanted atoms, particularly As in Si is around 10–6 
atomic %. 

The sensitivity of the chemical sensor, particularity 
to the benzene molecules could be achieved as  
10–5 g per 1 cm2 of the substrate surface. 
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Elektronide  emissioonist  põhjustatud  nõrga  voolu  kasutamine  nanomaterjalide  
iseloomustamisel  ja  gaaside  ning  kiirguse  avastamisel,  hinnates  meetodi  võimalikke  

meditsiinilisi  rakendusi 
 

Yuri Dekhtyar 
 

Nanomaterjalide kiire areng avab laialdased võimalused nende kasutamiseks erinevates valdkondades ja meditsiin on 
üks neist. Nanomaterjale ja nanoseadmeid kasutatakse nii inimese kehas kui ka meditsiiniliste nanosensoritena. 
Materjalide usaldusväärseks kasutamiseks peab teadma nende omadusi. Nanomaterjalide ja nanosensorite iseloomus-
tamiseks tuleb kasutada ka vastavat nanodimensioonis mõõteskaalat. Et mitte nanoobjekte mõõtmisel mõjutada, 
tuleks eelistada kontaktivaba tehnikat. Madala energiaga elektroni vaba teekond tahkes keskkonnas ligikaudu 
vastabki sellele vajalikule nanodimensioonis mõõteskaalale. Seega peaks madala energiaga elektronide baasil loodud 
kontaktivaba spektroskoopia olema hea meetod nii nanostruktuursete materjalide kui ka nanoandurite uurimisel. 
Nõrk elektronide emissioon materjalist (~ 10–16…10–15 Q/cm2) ei mõjuta oluliselt laengut selle materjali pinnal, kuna 
elektronide tihedus seal on suurusjärgus 1014 cm–2. Käesolevas artiklis on antud ülevaade foto-, duaal- ja 
eksoemissioonidest ning nende kasutamise võimalikkusest nanoobjektide, nagu punktikujuliste pinnadefektide 
kontsentratsioon, nende parandamine ja migratsioon ning ka nanoosakeste pinnalaeng, iseloomustamisel. Samuti on 
käsitletud gaaside ja ioniseeriva kiirguse avastamist ning meetodi võimalikke meditsiinilisi rakendusi. 
 

 
 


