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Abstract: In asymmetric p-n-junction in a strong microwaveldi for the analysis of voltage and current neagssa
consider both the heating of electrons and hoté¢sl turrent and voltage generated is determinétythe temperature of the
hot electrons and the temperature of the carrigtsare decisive. three-dimensional image on thasef(j«, Te Ty,) andf (Uqe
T. Th) to determine the possible range of the voltagescanents generated by the p-n-junction in a stroryowave field.
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1. Introduction

The nature of the external forces that give ris&ERF in In papers [2,4] investigated asymmetrical p-n-jiorcin a
semiconductors can be established by examining thlem strong microwave field, when the concentration @gk inp-
elementary quantum processes. Lasing and recordinat region is much greater than the concentration @ftebns in
processes in semiconductors are the main quantacegses the n-regiorp, >> n,, nn here and pp - the concentration of
that determine the occurrence of electromotivedsercThe majority carriers p- and n- regions. However, ihd@es not
study of these processes in semiconductors witlenpiat take into account the change in temperature ofhtbles,
barriers in strong electromagnetic fields allows tes considering these changes is small compared with th
construct a correct theory of transport phenomemhrmay changes in the electron temperature. On the bakis o
contribute to the development of new semicondudésices. theoretical studies [5], the open circuit voltadé,

According to the concept of elementary excitatioisa  asymmetric p-n- transition(p, >> n,), located in a
semiconductor is the electron-phonon and hole gasicrowave field, determined by the modulation p&gdn
Electromagnetic wave excites an electron-hole amohpn barrier height and temperature of the hole, dedpigefact
system. In pulse mode, the microwave exposure pifyna thatT.> T, . In [6] studied the currents and the emf arising
heats the electron-hole system. from asymmetrical p-n-junction under the influenck a

Mechanisms of EMF and currents in the p-n-junciiora  strong microwave field. In [4, 7] in the study offiet
strong microwave (MW) fields in the pulsed mode strelied  temperature dependence of the diode ideality @VET (T,)
in [1]. Study of p-n-junctions in microwave fieldhiows that believe thafl, = congt, and the study of functiom = f (T})
the generated current and voltage in the silicorjyaction is  was considerede = const. In the study of the temperature
much more than a germanium junction. The authols [dependence of the open circuit voltage of the teaipee of
believe that the values of the observed large abalocurrent the electrons and holes were made the same assuamiptia
and emf depends on the recombination processée ispace real experiment, they never met. In fact, whilerdiag the
charge region. On the basis of theoretical stufdsit is temperature of the electrons and holes temperature.
shown that the open circuit voltagé,, asymmetrical p-n Therefore, the analysis of the experimental reshitsuld be
junction (g>>ny), located in a microwave field, determined byconsidered as simultaneous heating of electron$aied.
the modulation potential barrier height and tempeeaof  The relevance of these tasks and interest in ttheento the
holes. However, in these studies scouted EMF amcertu extensive use of modern technology in diodes amubkistors,
three-dimensional image of the surfacef (e, Tr,) u f (Uy,  under the influence of strong electromagnetic figlthe so-
Te, Th,) in the microwave field. called microwave diodes and microwave transistbtese
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tasks will be needed in the development of new sype
devices that require operation of the microwavedes as
generators and detectors.

The aim of this work is to study the influence diet
microwave field on the electromotive force in asyetrt p-
n-junction in the three-dimensional coordinates

2. Effect of Microwave on the
Occurrence of Voltagein Asymmetric
P-N-Junction
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As can be seen from the expression (3) open-circuit
voltage U, determined by the concentration, temperature,
diffusion coefficients and the diffusion length ofinority
carriers. It follows that it is necessary to taktiaccount all
the factors responsible for the change in currerdugh the
p-n-junction when exposed to strong electromagriedie.

If we consider that for the concentration of miyri
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when exposed to electromagnetic wave consists ef thgrriers:

electron and hole currents [5].

At low power UHF waves can be neglected heating of

electrons and holes. Then the current through tiogled
occurs only due to rectification. [7]
At high power wave whemlg£T#T, CVC is determined by

the formula [5]:
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here ni - intrinsic concentration of charge casjer
The diffusion coefficients for electrons and holes:
KT KT,
De:_elue' Dh :_hluh (5)
e e
Diffusion length for electrons and holes:
Le = V Dere 1 Lh = V Dhrh (6)

For the dependence of the mobility of electrons bolgs

electron and hole currents) — height of the potential barrier from the lattice temperature [8]:
in the absence of an electromagnetic wave; U-veltag

appearing across the diode,= -?Eadx - AC voltage of the

incident wave, created by the barrier diode, T he t
temperature of the lattice, k-Boltzmann constastamd Th -
temperature of electrons and holes, Eb-wave etefiédd,
is the charge of an electron,
coefficients of electrons and holes , Le and Lhe-diffusion
length of electrons and holes, np and pn - the eatnation
of minority carriers. From (1) it is evident thatet diode
current is increased by modulating the potentiairiba
height.

Consider the short-circuit current (U = 0). Frome th
formula (1) that the short-circuit current is eqtel
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This shows that the short-circuit current is alsowgng
due to modulation of the potential barrier heightdulation
of the potential barrier height always increases #hort
circuit current of the p-n-junction in a microwafireld.

Consider now the open-circuit voltagik. (j = 0). Using
formula (1) we find:
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(7).
Depending private carrier concentration in the &fide
temperature [8]:

e
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Then, for the saturation current of electron andeho
currents using (4) - (8) formula finds the followin
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assuming a constant temperature of holes analy¥& f=n-
junction temperature change of the electrons. Tihfisllows
that the increase in the current of hot carrieraspmmetric

p-n-junction(p, >> n,) is almost independent of the electron
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Ty n, Fig. 2. Dependences of the open circuit voltage U, temperature of electrons
and holes.

Using (9) and (10) using Formula (2) define a three
dimensional plot of the short circuit current oftklectron
temperature and the holes (Fig. 1).

Fig. 1 that the fault current is strongly dependentthe
temperature of the holes and is almost independ€tihe
electron temperature and it lies on the surfacéhefabove
f(jl(sv Ter Th!)'

Figure 3 shows the I-V characteristics of p-n-jimttin
three-dimensional spacg U, T;) at a constant temperature
of electrons e = const).
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Fig. 3. I-V characteristics of an asymmetric p-n-junction in the three-
dimensional coordinates (j, U, Th) at a constant temperature of electrons (Te
= congt).

As can be seen from the graph, the temperatureases
with holes to 800K 300K current increases more than
order of magnitude. Such a strong dependence afutrent
temperature of holes indicates that the main curien
) ) determined by the hole current. The line of intetisan of

Formula (3) allows analyzing graphically the depeme £y 3 and Fig.4 should give real CVC p-n-junctioar f
of f (Uoe, Te, Th)- Fig. 2 shows a three-dimensional image Ofjitterent microwave power wave. From Figure 3 itsien
the surface fWo, Te, Tn), shows the voltage value at the ot whenT, = const and n, << p, CVC diode remains

surface which may b, depending on the temperatures Teymost unchanged despite the fact that the electron
and Th. Thus, in asymmetric p-n-junction

, , ! in & SYoN temperature increases nearly three-fold. Such gitbeity to
microwave field for the analysis of voltage andreats must temperature CVC electrons due to the fact thatctmeent
be considered as the heating of electrons and.holes through the p-n-junction is determined by a holerant

. Usir)g formula (1), taking int_o account the form_laJBS) << jp), as the temperature of holes at the same interval
investigated the effect of heating the charge eesrin the ¢ tg approximately CVC procedure.

CVC p-n-junction in a strong microwave field. Fjrst

Fig. 1. Dependence of short circuit current on the temperature of the
electrons and holes
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3. Comparison of the Theoretical Results
with Experiments

We obtained the dependence of the open circuiagelof [1]
Uoc electron temperaturée at constant temperatufg holes
[5], as well as the open-circuit voltage dependence
temperaturdJ,. holes at a constant electron temperaflye
[5]. In the experimental work [2] shows the depearde of [2]
the electron temperatufg and the open circuit voltage of
the microwave powel,. wave. Using these experimental
data the dependence of the open circuit voltageotf)the
electron temperaturé,. The dependence of the open circuit(3]
voltageU,. (B) on the electron temperatufe (K) coincides
qualitatively with the theoretical results obtainkey us [5].
For currents in the p-n-junction placed in a strarigrowave
field, the temperature of the holes is decisive.

4. Conclusion

The mechanism of the occurrence of unbalanced misrre
in silicon p-n-junction, analyze their temperatdependence.
It is shown that for the calculation of the CVC function is
necessary to consider not only the increase inetbetron
temperature, and the temperature of the hole.dstiablished 6
that the CVC diode determined by the temperaturg¢hef [6]
carrier that carries the main current through threjpnction.
Analyze CVC p-n-junction in threg, (U, To) coordinate at a
constant temperature of hol€g, & const) and at a constant
temperature of electron¥= const). Three-dimensionaid,,
Te Tp) plot of short circuit current on the temperatofethe
electrons and holes, and also shows the three-diomed
image of the surfacdJg, Te, Ty,). The theoretical results are
compared with experimefiluteparypa:

(5]

[7]

(8]
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