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ABSTRACT

The objective of this paper is to show the existence of numbers of forbidden energy level in forbidden gap or between valance and conduc-
tion band by theoretical approximation. This mode work for those system, which have conduction and valance band and can be seen clearly
when low energy photon incidence on materials surface, having energy is less then the work function of materials. In this paper lower ener-
gy refer from 0 to slightly less than work function of materials. When photon incidence on the target electron having less energy (in eV)
then work function electron is not kick out from materials but the energy of the incidence photon is loss. In this work we are trying to show
that these energy is not loss but it emit a new photon called tiny segment photon in between these band or forbidden energy level. The
emission of such tiny segment photon take place when electron get energy from incidence photon, and are unable to leave the material or
incidence photon has no more energy to reach electron to conduction band or beyond it. When electron get energy from incidence photon
it goes on excitation either there is less or greater than work function. If energy is greater than work function photoelectric effect take place
but if less then photo-emission take place. This photo-emission take place from any energy level between forbidden energy level in forbid-
den gap or conduction and valance band.
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INTRODUCTION

In semiconductors, the Fermi level lies between the conduction and valence bands as shown in figure 1 below. When doping con-
centration is increased, concentration of electrons in conduction band increase and pushes Fermi level higher in energy.

Conduction Band

Fermi Level

Measured band gap =
Eg+ AE

AE = Moss-Burstein shift

Valence Band

Figure 1: Location of Fermi energy level.

In the case of a degenerate semiconductor, an electron from the top of the valence band can only be excited into conduc-
tion band above the Fermi level, since all the states below the Fermi level are occupied states [1].

Valence band: The range of energies possessed by valence electrons is known as valence band. The electrons in the outermost orbit
of an atom are known as valence electrons. In a normal atom, valence band has the electrons of highest energy and band may be
completely or partially filled.

Conduction band: The range of energies possessed by conduction band electrons is known as conduction band. All electrons in the
conduction band are free electrons. If a substance has empty conduction band, it means current conduction is not possible in that
substance.

Forbidden energy gap: The separation between conduction band and valence band on the energy level diagram is known as forbid-
den energy gap. No electron of a solid can stay in a forbidden energy gap as there is no allowed energy state in this region. The
greater the energy gap, more tightly the valence electrons are bound to the nucleus.

First unfilled energy
band at T=0K

Energy
Eg Bandgap

Last filled energy
band at T=0K

Figure 2: Energy band at OK tempera-
ture.

Difference in energy levels between Ec and Ey is Eg is show in figure 2 and for silicon is 1.12eV [2]. Multi-band gap materials offer
the possibility of increasing the efficiency of solar cells beyond the limit of traditional single band gap solar-cell materials. Intermedi-
ate-band (IB) materials are characterized by the splitting of the main band gaps into two or more sub-band gaps by narrow lbs as
shown in figure 3 below.
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Conduction Band

Eg

@ Intermediate band

Figure 3: Presence of band in between Valance and conduction Band.

In IB materials, an electron is promoted from the VB to the CB through the IB. Upon absorption of sub-band gap-energy photons, the
electrons transit from VB to CB and later from IB to CB. It will add up to the transition of electrons from VB to CB through conven-
tional VB-to-CB photon absorption [3].

In order for conduction, shifting of electron distribution, more electrons has positive momentum than negative. The most negative
values of p occupied in the ground state and shift them to positive values of p above p;. In terms of energy, shift some electrons to
energies above the Fermi level. To shift electrons above the Fermi level, there have to be available states near this level. The states
very near the Fermi level, the material will have metallic conductivity [4]. It is seen that the Conduction band and Valence Band edg-
es at all k points exhibit the same parity, introducing parity-forbidden transitions between band edges, consistent with the calculated
zero transition matrix amplitudes. Such parity-forbidden transitions at all k points will lead to very poor optical absorptions of pho-
tons with energies close to the bandgap values, consistent with the calculated optical absorption coefficients. The parity-forbidden
transitions only affect the absorption coefficient [5].

Review

The difference in the selection rules for excitation of electronic energy levels of atoms and molecules by photons and by electrons.
Practically all electronic transitions are allowed when low-energy electrons are used. They include transitions which are spin-
forbidden and/or symmetry-forbidden when photons are used. The transition energies above 11 eV, which are difficult to deal with
optically, can be easily studied with electron-impact techniques. Lassettre and his students measure the of differential scattering
cross-sections in several atoms and molecules using energy of electrons in between 400 and 600 eV and does not see such transi-
tions. However, Schulz has used a low-energy electron (about 0.3 eV) impact method for determining electronic transitions in H, and
H,0 and observation of optically forbidden transitions [6].

When two semiconductors are joined, it is not clear in advance how the different bands in the two materials will line up in energy
with one another, and their is no accurate predictive theory in practice. The Hetero-structure material system in which both elec-
trons and holes see higher energies such system is called Type | system. Hetero-structures in which electrons and holes have their
lowest energies such system is called Type Il [7]. Keldysh confine to an analysis of the effects connected with the interactions be-
tween the valence and conduction bands at a specified potential, particularly a Coulomb potential, with effective charge Ze, taking
into account both the charge of the center and the effective dielectric constant. All the electronic levels lie in the upper half of the
forbidden band. This rule is violated, if the deviations of the field from a Coulomb one are taken into account. The resonant capture
of electrons at excited levels with subsequent cascade transition into the ground state [8].

The nuclear motion is negligible during the time required for an electronic excitation. Since the nuclei do not move during the ex-
citation, the internuclear distances remain constant. The most probable component of an electronic transition involves only the ver-
tical transitions. The electronic transition involves promotion of electron from a electronic ground state to higher energy state, usual-
ly from a molecular orbital [9].

The strength of radiative transitions in atoms is governed by selection rules that depend on the occupation of atomic orbitals with
electrons. Fujisawa et al. report electrical pump-and-probe experiments that probe the allowed and ‘forbidden’ transitions between
energy levels under phonon emission in quantum dots with one or two electrons. The forbidden transitions are in fact allowed by
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higher-order processes where electrons flip their spin. They find that the relaxation time is about 200 ms for forbidden transitions, 4
to 5 orders of magnitude longer than for allowed transitions. The transition from the spin-triplet state to the spin-singlet state is for-
bidden by conservation of the total spin for both atomic helium and artificial helium. The difference between the allowed and for-
bidden transitions leads to more than 11 orders of magnitude difference in the relaxation times for real hydrogen and helium atoms
[10]. Although the atomic kinetics depend on, in particular, optical allowed transitions (E1), the weak forbidden transitions: magnetic
dipole (M1) and electric quadrupole (E2) have been linked to dominant features in the optical spectra of planetary nebulae and the
aurora. The lowest-order metastable levels radiatively decay correspond to M1 and E2 transitions. M1 and E2 transition rates are of
several orders of magnitude smaller than those for E1 transitions with a similar energy level separation. Especially, forbidden transi-
tions such as M1 and E2 are of great interest for plasma diagnostics and modeling [11].

Band spectrum is emitted by substances in the molecular state when the thermal excitement of the substance is not quite sufficient
to break the molecules into continuous atoms. Franck-Condon Principle define as electronic transitions occur in a very short time and
hence the atoms in a moleule do not have time to change position appreciably during electronic transition. The transitions occur
from ground vibrational level of the ground electronic state to many different vibrational levels of particular excited electronic states
[12]. Akram et al investigate quantum control and interference in a three level ladder system, which are extended to other schemes.
They found high dependence and sensitivity on the relative phase of the pump and probe em modes of the relevant lasers. This sen-
sitivity is particularly accentuated in the third transition, whose frequency is essentially the sum of the frequencies of the sequential
transitions in the ladder, even when this transition is one photon emission forbidden in the bare state [13].

In the presence of two laser fields the initially dipole forbidden transition becomes dynamically permitted due to ac Stark effect
which shown that such transitions exhibit quantum-interference-related phenomena, such as electromagnetically induced transpar-
ency, gain without inversion and enhanced refractive index. The ladder configuration of a three level system interacting with two
laser fields has been studied. Gennady et al. shown that strong coherence is established on the transition that originally was electric-
dipole forbidden due to selection rules. However, the presence of two laser fields brakes the spherical symmetry and makes this
transition dynamically allowed. They propose to use femtosecond comb for the pump and probe lasers where phase relation among
components and such experiment looks for radiation at the forbidden transition frequency [14].

The investigation of the hyperfine interaction (HFI) of the spin of a magnetic ion with those nuclei for which the HFI is of the same
order of magnitude as the Zeeman energy. The nuclear spin is quantized in an effective field which is the sum of the external field
and the field due to the HFI. If the HFI and the Zeeman energy are of the same order, the direction of this effective field will change
significantly during an electron spin transition. Hence the probability of a forbidden transition, in which the projection of the nuclear
spin changes simultaneously with the electron spin projection and also be of the same order as the probability of an allowed transi-
tion, in which only the electron spin projection changes [15].

Chemical and photochemical processes at semiconductor surfaces are highly influenced by the size of the band gap, and ability to
control the band gap by particle size in nanomaterials is part of their promise. The combination of soft x-ray absorption and emission
spectroscopies provides band-gap determination in bulk and nanoscale itinerant electron semiconductors such as CdS and ZnO, but
not for all. The incident x-ray energy resolution was set to approximately 0.2 and 0.35 eV for absorption and emission spectroscopies,
respectively. The x-ray emission spectrometer has a resolution of about 0.5 eV. The hematite band gap is more clearly discernable
from measurements of photocurrent vs wavelength, and values of 2.14-2.2 eV for bulk samples are typical [16].

The valence band of [(Ings53Gag.a7)1xMn,JAs almost remains unchanged from that of the host semiconductor (Ings3Gags7)As, that
the Fermi level exists in the band gap and p-d exchange splitting in the valence band is negligibly small in (InGaMn)As. In the
Ingg7Mng 13As sample, although the resonant peaks are very weak due to the large strain induced by the lattice mismatch between
InP and InMnAs show the Fermi level exists in the band gap and that the p-d exchange splitting in the valence band is negligibly small
[17].

Many electrical, optical, and even some magnetic properties of crystals can be explained in terms of the band structure. If the Fermi
energy is located in a band gap, the material is insulating or semiconducting otherwise metallic. Many-particle quantum physics tells
us, that valid many-particle states can only be constructed, if one does not allow two electrons to occupy the same single particle
level. The energy of the level filled with the last electron is called the Fermi energy E:. In order to determine E;, we need to count the
number of k-values, which is easy for a finite crystal. The first Brillouin zone contains as many k points as there are unit cells in a finite
crystal. In most cases the energy bands are identical for both spin directions [18].

In order to kick out an electron at an energy of E, below the Fermi surface to escape the material, the incident photon must have an
energy which exceeds E, and the work function ¢ of the material. If hf > ¢, then the emitted electrons will have a distribution of ki-
netic energies, extending from zero to hf — ¢. From Fermi’s golden rule, we can know that the probability per unit time of an electron
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being ejected is proportional to the density of occupied electronic. First some of the photon excited particles will scatter off phonons
and electronic excitations within the material. Second, due to these secondary scattering processes, it is very unlikely that an elec-
tron which is excited deep within the bulk, will ever escape from the material [19].

Those materials for which maximum of valence band and minimum of conduction band lie for same value of k is called direct
bandgap materials and satisfies the condition of energy and momentum conservation (GaAs, InP, CdS). Those materials for which
maximum of valence band and minimum of conduction band do not occur at same value of k is called indirect bandgap materials (Si
and Ge) [20]. The absorption of photons takes place mainly at the band gap energy of each layer, and therefore, responses of layers
of different bandgaps should be observed at different photon energies within the same spectral response curve. The absorption of
photons at the bandgap energy generates electron-hole pairs, and the availability of photo-generated carriers gives rise to changes in
various electrical properties. This configuration is commonly used in spectral photo-conductivity and in internal photoemission. The
current flows perpendicular to a potential barrier formed between two materials, and only when the photon energy is great enough
to excite electrons over the barrier, can an electric current be detected [21].

The absorption edge as reflected in the photo-current is affected mainly by the typically strong electric fields present at semiconduc-
tor interfaces. The electric field assists photons with energy smaller than the bandgap to excite electrons across the forbidden gap by
adding electric energy by electric field. The effect of electric fields on the absorption edge in semiconductors is commonly known as
the Franz-Keldysh effect [22, 23].

The Coulomb interaction modifies significantly the optical properties due to the formation of correlated electron-hole pairs, and
needs to be included. Initial efforts to add these excitonic effects, both numerically and semi-analytically, were made within the ef-
fective mass approximation. Rees provided a more complete method to compare theory and experiment which including not only
the electron-hole interaction but also lattice defects, band anisotropy, lifetime broadening and surface effects. He approach is the
absorption spectrum without a dc field, which can then be convoluted with Airy functions that provide the field-induced effects [24].
If Z. open-shell electrons per unit cell and two spin states are available for each k-value then Z. may be odd and even. If even, inte-
gral number of bands is filled and the rest are empty =insulator. If odd then it is mandatory that at least one band is only partially
filled =metal. In a metal with a nontrivial band structure, the concept of a Fermi surface is much less trivial than in the Sommerfeld
model. For non-interacting, the lowest NZ_ states of the lowest band will be filled up to some energy E; = u(0). A/c to Sommerfeld
model, W(T) is not appreciably a function of T. It must have the symmetry of the crystal, but can be of a shape quite different from a
sphere [25].

E: lies within the conduction band and E field is applied to a metal, electrons near E; can gain energy from E field and reach nearby
empty energy states. A lower or valence band is completely filled. The next higher electronic state in an atom is an energy gap E; ~
10 eV higher and makes the conduction band. E; >> kgT, and Eris about the midpoint of the gap. FD statistics says very few electrons
will reach the conduction band at T ~300 K. Hence the material has a high resistivity [26].

METHODOLOGY

Let us consider an material is made up of an atom and he enrgy of the valence band is E, and conduction band is E.. The energy dif-
ference between them is called forbidden energy and gap is called forbidden gap. Since the energy gap between conduction and
valence band implies the range of energy and goes to decrease when we move from valence to conduction band.

Let there is E, level energy between them, on which electron excited when absorbed the energy from incidence photon, whose en-
ergy is less then the work function of an atom of consider material.

We have photoelectric equation
hfi=hf +K.E....oevveereeee (1)
where hf; =incidence photon energy and f; is it correspond frequency.
where hf = work function of an atom of consider material and f is it correspond frequency.

K.E= kinetic energy of electron which is going to be kick out from surface atom of a consider material. This kinetic energy is only pos-
sible if hf>hf and in this work we are considering the case in which K.E =0 eV.
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Then from (1) we get,

For consider material hf is fixed but hf; is not fixed i.e. we can incidence photon of variable energy but in our case we are consider-
ing those photon whose energy is less then hf.

Here hf; is the incidence energy observed by electron and goes to excitation state and emit same amount of energy, when come
back to ground state i.e. from different energy level existence in between conduction and valence band to valence band. But in this
case the energy of emission photon from difference energy level to valence band is difference and the sum of total emission photon,
when electron come from difference energy level existence between conduction and valance band to valance.

Then hfi=hf+hfy+hfs +hfy+... +hf, + hfg+hfo+hfs+.....+hfs........... (3)

Ei=Eq+E,+E3 +Ea+.cvcrininnnenn, +E, +Ef+Ep+Eq +...e... S o T (4)
Where, E; =energy level near valance band
E, =another energy level next to E;
E; =another energy level next to E; and so on,
E, = Energy level near to Fermi bottom level
Also here, E;; Fermi energy level included from bottom to top of its own

Ei = Z?:l El + Z.fn=1 Efs .................. (5)

This equation (5) show that the energy of incidence photon is divided into number of discrete packet in valance band conduction
band and it is only possible, if a single incidence photon contain other photon inside it which may implies photon inside photon
(Name tiny segment photon ). Tiny segment photon may play an important role during such transition of electron when energy of
photon is less than work function of material.

In other hand, forbidden energy level in forbidden gap is possible because the attraction of the exciting electron with in the field
of charge attraction by atom of the material is considerable. These attraction goes on decreasing as electron goes from valance to
conduction band. Forbidden energy level is of fixed energy level but transition of electron from such energy level to valence energy
level or valence is determine by the energy of incidence photon.

Due to the presence of these forbidden energy level in forbidden gap, the energy of single photon whose energy is less then work-
function is divided into number of tiny segment photon. Since the energy of tiny segment photon is very very less and is emitted
when electron transition take place in between forbidden gap and forbidden energy level. This tiny segment photon energy called
the absorption energy of the material i.e. absorption of energy by material when energy of incidence photon is less than work func-
tion of a material.

Let us considering a material and a photon incidence on it. Let hf is the work-function of a material which is greater than energy of
incidence photon, then from equation (5), we take are considering three cases in term of incidence photon energy.

Case |: Energy of incidence photon is very less then work function: When energy of incidence photon E;=hf; is very less then
work-function ®=hf then in this case electron is not going to produce photo-electric current because the energy of incidence photon
is very less. But the electron tends toward conduction band from valence band. Since energy carrying by electron is less, it goes on
photo emission i.e. it come to valance band by emitting the photons of energies hf;.

In this case the number of energy level is less that mean number of emission photons is less then Case Il and Case lll because due
to very less energy of incidence photon, consider electron contain less amount and travel the distance toward the conduction band
from valance band is less, and hence electron goes to cross less energy level.

After crossing less energy level it again come down to valance band and emitting less numbers of photon having less energies
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than Case Il and lll as shown in figure 4. Here we consider energy of incidence photon whose energy is very less than work function
and given figure 4 is an example when incidence photon goes energy level which is very slight greater than valance band energy.

.................................................................................................. Figure
4 : Ener-
""""""""" gy of
incidence
photon
in very
less than
work
function.

Case It
Energy of
E inci-
dence
photon is medium less than work function: When energy of incidence photon Ei=hf; is medium less than work-function ®=hf then
in this case also electron is not going to produce photo-electric current because the energy of incidence photon is medium less. But
the electron tends toward conduction band from valence band. Since energy carrying by electron is less, it goes on photo emission
i.e. it come to valance band by emitting the photons of energies hf;.

In this case the number of energy level cross by electron is less than Case Ill and grater than Case | that mean number of emission
photons is less than Case Ill and greater than Case | because due to medium less energy of incidence photon, consider electron con-
tain sightly more energy then Case | and travel the distance toward the conduction band from valance band is sightly more than
Case | less, and hence electron goes to cross slightly more energy level than Case | and less energy level than Case Ill. The energy
level and photon emission in this Case is shown in figure 5.

After crossing slightly more energy level than case | and less than Case Il it again come down to valance band and emitting slightly
more numbers of photon than Case | and less than Case Ill as shown in figure 4 and 6. Here we consider energy of incidence photon
whose energy is medium less than work function and given figure 5 is an example when incidence photon goes energy level which is
very slight greater than valance band energy.
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Figure 5 : Energy of incidence photon in medium less than work function.

Case llI: Energy of incidence photon is slightly less than work function: When energy of incidence photon Ei=hf; is slightly then
work-function ®=hf then in this case also electron is not going to produce photo-electric current because the energy of incidence
photon is less. But the electron tends toward conduction band from valence band. Since energy carrying by electron is less, it goes
on photo emission i.e. it come to valance band by emitting the photons of energies hf;.

In this case the number of energy level is greater, that mean number of emission photons is greater than Case | and Case | because
due to energy of incidence photon greater than Case | and Case Il, consider electron contain slightly more amount of energy and
travel the distance toward the conduction band from valance band more, and hence electron goes to cross more energy level than
Case | and Case Il.

After crossing more energy level it again come down to valance band and emitting more numbers of photon having less energies
than incidence photon as shown in figure 6. Here we consider energy of incidence photon whose energy is slightly less than work
function, and given figure below is an example when incidence photon goes energy level which is slightly less greater than work
function.
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E=hf,

Figure 6 : Energy of incidence photon in slightly less than work function.

RESULT AND DISCUSSION

When incidence photon energy is less than the work function of the consider material. The energy is absorbed and electron is not
kick out from the surface of material mean the energy of incidence photon is divided into number of packet energy called tiny seg-
ment photon can be observed by equation (5) in forbidden gap due to presence of forbidden energy level. After taking the energy
from incidence photon whose energy is less than work function, electron tends to move from valance to conduction but not have
enough energy to cross the conduction band for photoelectric current but it goes on photo-emission. This photo-emission implies
the emission of number of tiny segment photon when electron are coming to valance band from upper forbidden energy level. The
electron coming from the upper forbidden energy level to valence band is due to the resultant potential or charge attraction of ma-
terial. The emission of tiny segment photon, forbidden energy level in forbidden gap are shown in figure 4, 5, 6 and phenomenon of
emission is discussed in Case I, Il and IIl.
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CONCLUSION

Hence, from above mathematical relation we can identify the presence of forbidden energy level in forbidden gap due to the result-
ant potential or charge attraction on electron when electron take energy of incidence photon whose energy is less then work func-
tion of material. On the other hand we can also identify the tiny segment photon produce when electron coming from upper forbid-
den energy level to valence band and due to the presence or emission of tiny segment photon the energy of incidence photon is ab-
sorbed by material when energy of incidence photon is less than work function of a material.
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