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The behaviour of oxide and interface defects in n-channel power vertical double-diffused
metal-oxide-semiconductor field-effect transistors, firstly degraded by the gamma-irradia-
tion and electric field and subsequently recovered and annealed, is presented. By analyzing the
transfer characteristic shifts, the changes of threshold voltage and underlying changes of gate
oxide and interface trap densities during the stress (recovery, annealing) of investigated de-
vices, it is shown that these two types of stress influence differently on the gate oxide and the

Si0,-Si interface.
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INTRODUCTION

The oxide and oxide-semiconductor interface in
metal-oxide-semiconductor (MOS) system of various
silicon-based electronic devices have been in the focus
of investigation more than forty years [1]. This is be-
cause the existing oxide and interface electron states
allow the external electric field applied (or gamma-ir-
radiation in special device applications) to change the
features of SiO, and SiO,-Si interface influencing
negatively on the operation efficiency of the devices.
Numerous methods were used in the study of SiO, and
Si0,-Si interface nature and their characterization
[1-4]. Anyway, it is possible to roughly divide them
into the methods implemented on the MOS capacitor
structure and the methods that are implemented on the
complex MOS electron devices. Mostly, these tech-
niques are electrical techniques, generally giving the
results related to the energy distribution of defects in
the oxide and at the interface and allowing to predict
the defect nature and to establish a model of their be-
haviour. But, the technique based on the electron-spin
resonance (ESR), that is also used [5], gives a picture
of the structure of these defects allowing their model-
ling [6]. Thus, the silicon dangling bond defects de-
tected on the SiO,-Si(111) interface are characterized
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as Py centers. The Py center is designated as the Si; =
= Si® amphoteric defect that creates two levels with the
distance of about 0.55 eV (0.3 and 0.85 eV above the
valence band) in the silicon bandgap gap. These levels
serve as correlation energy with broken bonds at
Si0,-Si interface. The ESR investigations of the
S10,-Si(100) interface reveal two paramagnetic cen-
ters P, and Py ;. It is found that the Py, center is identi-
cal to the P, center at (111) Si surface, while the nature
of the Py center is yet unclear. In the opinion of some
authors [7], the Py, center is a center of the Si,0 = Si°
type. The second assumption is that the Py, center is
also the Si; = Si® defect without the oxygen as a struc-
tural part, but unlike (111) the Si surface, with another
broken bond orientation related to (100) the Si surface.
Also, the silicon dangling bond defects detected in
Si0, [8] are characterized as E' centers of different va-
rieties, and designated as the =Si® defects.

It must be noted that all so far published results
regarding the SiO, and Si0,-Si interface are of impor-
tance since they contribute to the process of determin-
ing the nature of the oxide and the interface defects.
But, the fact is that some of them can bring confusion
especially in the case of research related to complex
electronic devices. Namely, in these cases, the infor-
mation about the state of the oxide and interface has
been obtained indirectly, on the base of the behavior of
device electrical characteristics and parameters during
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the stress and the subsequent annealing. Because of
that, in order to avoid the inconsistency in the interpre-
tations and conclusions about the nature of the defects,
any analysis of results must be careful and comprehen-
sive; a special attention should be paid to the type of
stress (the electric field stressing or the gamma-irradi-
ation) and the annealing (the spontaneous recovery or
the annealing at elevated temperature), as well as to the
conditions under which they are carried (the environ-
ment temperature; the value and the character of the
applied field in the case of the electrical stressing; the
dose rate, the applied or not applied polarization in the
case of gamma irradiation). In any case, one of the im-
portant factors is the stress/annealing duration, as
well.

Because of their superior performances and rea-
sonable production price, power metal-oxide-semi-
conductor field-effect transistors (MOSFET) are at-
tractive devices for many space and terrestrial
applications, in which they are exposed to the negative
influence of gamma-radiation and high electric field
[9]. For this reason they were the subject of numerous
studies [10-16]. Recently, the studies of numerical
simulation of high electrical field and radiation effects
on various semiconductor devices [17-22], including
the power MOSFET [19-22], were performed. The re-
sults of these investigations could significantly con-
tribute to the process of predicting the device behavior
upon appropriate conditions.

The results of earlier studies of MOS device insta-
bilities [10, 11] have shown that the effects of the gamma
radiation and the high electric field stress are very similar.
The same conclusions were also obtained in the later in-
vestigations related to the power vertical double-diffused
metal-oxide-semiconductor (VDMOS) transistors [12].
Based on these observations, the idea of electrical stress
utilized as a method for accelerated testing, as well as for
the radiation hardening of devices to be applied in the ra-
diation environment, has been placed in the literature
[13]. However, it should be noted that our earlier results
[14] have proved that the radiation hardening by apply-
ing electrical stress is inapplicable. Also, the subsequent
investigations on power VDMOS transistors [15] have
indicated only the partial similarities between these ef-
fects (a similar behaviour of interface defects, and a dif-
ferent behaviour of oxide defects). This conclusion has
been supported by the observed behaviour of channel
carrier mobility [16].

In this paper we have performed a detailed anal-
ysis of high electric field and gamma-radiation stress,
as well as the annealing effects in power vertical dou-
ble-diffused metal-oxide-semiconductor field-effect
transistors (VDMOSFET), with the aim to present the
diversity of macro effects (the changes of their electri-
cal parameters) due to the different treatment condi-
tions, and also to try to explain them in the light of the
electrochemical processes in SiO, and at SiO,-Si in-
terface.

THE EXPERIMENT

The experimental samples in this study were
commercial n-channel power VDMOSFET built in a
standard Si-gate technology (a 120 nm gate oxide
grown in dry oxygen) with the hexagonal cell geome-
try, manufactured by the Ei-Semiconductors (Nis, Ser-
bia). The transistors were divided into two groups: the
first group has been stressed by the high electric field,
and the second one by the gamma radiation. All
stressed transistors have been spontaneously recov-
ered at room temperature, and after that annealed at
125 °C. In order to detect the device's response to the
stress, recovery and annealing, an intermediate electri-
cal characterization was done by measuring the trans-
fer characteristics in the saturation region
(above-threshold and sub-threshold). It should be
noted that the transistor transfer characteristics were
recorded using the computer-controlled KEITHLEY
237 source measure unit. To analyse the underlying
mechanisms, the threshold voltage V7 and carrier mo-
bility p were determined from the measured
above-threshold transfer characteristics as the inter-
sections between the V;-axis and the extrapolated lin-
ear region of (I )2 -V curves and the slopes of
these lines, respectively.

The electrical stressing was performed by apply-
ing the positive DC bias (+88 V, +90 V, and +92 V) to
the gate electrode (the drain and the source were
grounded). For each value of the applied gate bias, two
sets of samples have been formed: one set of samples
was electrically stressed up to the moment when trans-
fer characteristics have manifested abrupt change of
shift direction and slope, while the stressing of other
samples has continued for total duration time of 120
min. The irradiation was performed using the *°Co
source (dose rate 0.13 Gy/s), at the Metrology Labora-
tory of the Vinca Institute of Nuclear Sciences, Bel-
grade, Serbia. During the radiation exposure, the 10 V
positive DC gate bias was applied to all devices, with
the drain and the source terminals grounded. Two
sets of devices were irradiated, up to the total doses of
750 Gy and 200 Gy (with a total duration time of ap-
proximately 95 min and 25 min, respectively). All ex-
periments were performed on groups of selected sam-
ples with close initial values of electrical parameters,
which have provided the reproducibility of the ob-
tained results. Also, it should be noted that the mean
values of measured relevant electrical parameters (the
threshold voltage and the carrier mobility) have been
used for analysis conducted.

RESULTS AND DISCUSSION

The results obtained in this study indicate the ex-
istence of some similarities between the gamma radia-
tion and the electrical stress effects in power VDMOS
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transistors, that are observed through the behavior of
transfer characteristics during the stress and subse-
quent recovery and annealing. Generally, during the
stress, the characteristics are shifted towards smaller
Vi values up to the moment when they abruptly
changed the direction to the initial positions with the
continuously slope reduced. But, the fundamental dif-
ference between the investigated stress effects is in the
time of the mentioned transfer characteristics shift and
their returning to the initial positions.

In the case of 120 min electrical stress, a change
of transfer characteristics behavior was observed very
soon after the start of stress, firstly in the transistors
subjected to the polarization of +92 V (10 min after
stressing start), and then in those stressed by +90 V
and +88 V, with a time distance of ten minutes. Upon
the gamma irradiation, an abrupt change in direction
of transfer characteristics shift appears only more then
100 minutes after the start of stress, the time which is
comparable with the total duration time of electrical
stress. Because of that, the radiation stress has stopped
after 100 min in these experiments. In this way, the two
parameters for electrical and radiation stress compari-
son were provided — the total stress time as well as the
time to characteristics behaviour change.

In the case of 120 min electrical stresses, the
transfer characteristics after they changed their direc-
tion have shifted to the higher V; values, exceeding
the initial positions. The distances between the last and
the initial transfer characteristics have increased with
the increase of the stress voltage. Also, the slope of
transfer characteristics has decreased, mostly in the
case of 92V, and then in the case of +90 Vand +88 V.

During the spontaneous recovery/annealing
phase, the transfer characteristics of electrically
stressed devices have again shifted to initial positions
passing through them, and slowly increasing the slope.
The characteristics of devices stressed by +88 V have
appeared the initial positions at first (after 75 hours of
spontaneous recovery), and than the characteristics of
devices stressed by +90 V (at the start of annealing
phase) and +92 V (after 1 hour of annealing).

Against the electrical stress, the transfer charac-
teristics have just negatively shifted during the 95 min
gamma-irradiation, but to a significantly higher V
values, while their positive shift to initial positions and
exceeding them is detected during the spontaneous re-
covery and annealing.

The described behavior of transfer characteris-
tics is reflected in the behavior of the threshold voltage
V. The changes in threshold voltage of power
VDMOS transistors during electrical and gamma radi-
ation stresses are presented in figs. 1-3. The threshold
voltage behaviour of devices stressed with approxi-
mately the same stress duration time is shown in fig. 1.
As can be seen, the threshold voltage firstly decreases
in both cases of stressing. However, during the 120
min electrical stress, after reaching its minimum, the
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Figure 1. The threshold voltage behaviour during the
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threshold voltage begins to increase (the turn-around
effect) up to the initial values and even exceeds them
(the rebound effect). The turn around firstly appears in
the case of +92 V polarization, and then in the case of
+90 V and +88 V (following the changes of the trans-
fer characteristic shift direction). The rebound is most
pronounced for the +92 V and with the decreasing gate
polarization it becomes less pronounced. Also, the
negative threshold voltage shift in the moment of
turn-around achieving is the largest (about 3 V) for the
polarization of +92 V, and minimal (about 0.5 V) for
the polarization of +88 V. As for gamma irradiation,
the turn around has not been registered during the 95
min stress. However, the overall threshold voltage
shiftin period to the turn-around is much higher (about
10 V) than in the case of electrical stress. During the
spontaneous recovery and the annealing phase, the
threshold voltage shift of irradiated transistors was op-
posite to the threshold voltage shift of 120 min electri-
cally stressed transistors. Namely, the threshold volt-
age of electrically stressed devices continuously
decreases during both the recovery and the annealing
(with the highest rate for +92 V), and after the 100
hours annealing, it reaches almost the same value
(slightly less than initial). On the other hand, the
threshold voltage of the irradiated transistors increases
during the recovery and the annealing, with the higher
increase rate during the annealing. After the 100 hours
annealing, the rebound-effect is evident.

Having in mind that the threshold voltage
turn-around has not been caused by the performed ir-
radiation, it was of interest to compare these radiation
effects with the effects of electrical stress that also has
not been caused by the turn-around (fig. 2). As can be
seen, after the decrease during the stopped electrical
stress, for all applied polarizations, the threshold volt-
age shifts in positive direction (oppositely to 120 min
electrically stressed samples) during both the recovery
and the annealing, but so much slowly than in the case
of the irradiated samples ( caused by a much smaller
negative shift during the stress), remaining all the time
on the values less than initial ones.

Generally, the similarity of the threshold voltage
behaviour during the electrical and gamma radiation
stresses have been noticed, but only qualitatively, in
the period before the turn-around.

However, not only qualitative, but quantitative
differences between gamma radiation and electrical
stress effects in VDMOS transistors can be seen in
figs. 1 and 2, respectively. As the threshold voltage be-
haviour is caused by the defects formed in the gate ox-
ide and at the SiO,-Si interface during the stress/an-
nealing [23-25], the observed differences point out to
the conclusion that the electrical stress and the irradia-
tion probably initiate different mechanisms of defects
formation in the gate oxide and at the interface. This
can be confirmed by fig. 2, in which the comparing pa-
rameter is the level of the device strain. But, regardless

of the fact that all devices have been stressed up to the
turn-around, the threshold voltage beaviour of electri-
cally stressed devices during the annealing (the thresh-
old voltage shif is much smaller and the rebound is not
found) differs from the threshold voltage beaviour of
irradiated devices.

The observed differences during the recovery
and the annealing are the consequences of different ir-
radiation and electrical stress influence on threshold
voltage, the shift of which is so much larger in the case
of irradiation. From this reason, the following ques-
tion has imposed here: what would be the threshold
voltage behaviour during the recovery/annealing if
during the irradiation and the electrical stress it
reaches the same values? In order to get the answer, an
additional irradiation experiment was done. The de-
vices were irradiated to the total dose of 200 Gy (25
min irradiation time), which resulted in the threshold
voltage shift of approximately 3 V (as in the case of the
+92 V electrical stress). After stressing, the devices
have been spontaneously recovered, and then an-
nealed at elevated temperature in the same way as in
the previous experiments. With regard to a small
threshold voltage shift caused by the irradiation, simi-
lar effects of annealing both electrically stressed and
irradiated devices are expected (small changes of
threshold voltage to values slightly lower than the ini-
tial, without expressing the rebound effect). But, as
can be seen in fig. 3, the annealing effects of irradiated
devices are not as expected.

Namely, the threshold voltage rebound is also
observed during annealing of 25 min irradiated de-
vices (fig. 4). In addition, the fact is that after 10 hours
of annealing, for both cases of irradiation, the anneal-
ing rates are almost the same. This definitely supports
previous conclusion on the diversity of electrical
stress and gamma irradiation effects in power
VDMOS transistors.
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For described threshold voltage behaviour the
changes of gate oxide charge AN and interface states
AN, densities during the stress and subsequent sponta-
neous recovery and annealing phase are responsible
(figs. 5-10).

The changes of AN, and AN, were determined
by using the sub-threshold mid-gap (SMG) technique
[26], except in the case of highly deformed transfer
characteristics when this method is proved inapplica-
ble. Based on these changes of AN, and AN, it can be
concluded that the radiation primarily affects the gate
oxide of devices, while the electrical stress primarily
affects the SiO,-Si interface. Namely, during the
95 min irradiation the AN, exceeds double value
achieved during the electrical stress (after about thirty
minutes of electrical stress, the AN, tends to satura-
tion, fig. 5). During the spontaneous recovery of irra-
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Figure 5. The changes of AN, during the electrical (120 min)
and radiation (95 min) stresses (a), spontaneous recovery (b),
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Figure 8. The changes of AN, during the stopped
electrical (suspended before the turn around) and
radiation (95 min) stresses (a), spontaneous recovery (b),
and annealing (c) of stressed power VDMOSFET

30
Stopped

. electrical stress
g
1
g 25 -8V
:o X0V
= @92V Spontaneous Annealing
5 20 ol recovery at125°C
= irradiation dose

15 ~1-200 Gy

10 p
I 7 .\4‘\. ¥d =<y
5 T/ e
.
§6 00tmusnd 008 9o
0
0 50 100 10° 102 10° 10°
Time [min] Time [h] Time [h]

(a) (b) (c)

Figure 9. The changes of AN, during the stopped
electrical (suspended before the turn around) and
radiation (25 min) stresses (a), spontaneous recovery (b),
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diated transistors, the AN, slowly decreases, and the
decrease also continues during the annealing, but
much faster. In the case of electrically stressed transis-
tors, during the first hour of spontaneous recovery, af-
ter a small increase, the AN, slightly decreases and
continues during the annealing.

On the other hand, during the 120 min electrical
stress, the AN, continually increases significantly
overcoming the values achieved during the irradiation
(fig. 6) (the changes of AN, are larger in the case of
higher gate polarization).

During the spontaneous recovery and annealing
of electrically stressed transistors, the AN;, behaves
similarly to AN,; after the stress, the AN, firstly in-
creases, and then decreases (it decreases several times
faster than the AN ), which is continued during the an-
nealing phase. During the spontaneous recovery of ir-
radiated transistors, the AN, slightly increases appear-
ing saturation. During the annealing phase, the AN,
rapidly increases, reaching a maximum value after
50 hours of annealing, after which also rapidly de-
creases (a latent build-up of the AN,), the effect of
which is also registered in [27]. But, although the irra-
diated devices were of the same type as in this study, it
should be noted that the behaviour of AN, and AN
during the annealing has been observed as different. It
was probably caused by the different gate oxide thick-
ness of used devices, as well as by different experi-
mental conditions (the gate voltage polarization, the
radiation dose, the annealing temperature).

The diversity between the irradiation and electri-
cal stress effects is evident from figs. 7 and 8, respec-
tively. On the basis of the AN (fig. 7) and AN, (fig. 8)
values during the stress, it can be seen that the stopped
electrical stress, like the irradiation, has stronger influ-
ence on the gate oxide than on the SiO,-Si interface.
However, regardless of this fact, during the spontane-

behaviour is different in comparison with the case of
stopped electrical stress, especially the behaviour of
AN;, during the annealing phase (figs. 9 and 10). In
other words, relatively low density of AN, formed dur-
ing the irradiation, results in a latent build-up during
annealing.

The above mentioned findings on differences
between the electrical and the irradiation stresses can
be supported by the comparison of electrical stress
with stopped electrical stress, as well as the 95 min ir-
radiation with the 25 min irradiation, where annealing
is followed by the latent buildup of AN, (figs. 7-10). It
is evident that the changes of AN, (as well as of AN}
have the same trend for the same type of stressing.

THE RESPONSIBLE MECHANISMS

Numerous generalized models that explain the
mechanisms responsible for the N, and N, changes
during the gamma and electrical stress, as well as dur-
ing the annealing of stressed devices, are published in
the literature [ 1]. All these models are based on the fact
that the precursors (formed during the device fabrica-
tion) of charge traps exist in the gate oxide and at
Si0,-Si interfaces. In the case of irradiation, a high en-
ergy (MeV magnitude) gamma-radiation from ®°Co
source breaks not only the weak covalent bonds be-
tween the Si atoms and impurity H atoms (=Si, — H),
and between the Si atoms and impurity OH hydroxyl
group (=Si, — OH), but also the regular bonds between
the oxide atoms =Si, — O — Si= [28]

=Si, ~O—Si, =25 =Si’+=Si, ~0" +e +h*

One part of the formed € — h™ pairs can recom-
bine re-establishing broken atomic bonds [1]. Many
electrons that escaped the recombination can also
break covalent atomic bonds in the oxide forming new
¢~ —h" pairs (it is shown that this process is more domi-
nant than breaking the bonds by radiation). The holes
move through oxide to the SiO,-Si interface (this mov-
ing is supported by the local electric field, too). The
fact is that much more precursors of E' centers are lo-
cated near the SiO,-Si interface, which in reaction to
the received holes transforms into E' centres, finally
contributing to the increase of AN, In the case of elec-
trical stress, the values of AN are rather less than in
the case of irradiation (fig. 5). Beside the holes, a drift
of hydrogen ions from the oxide to SiO,-Si interface
due to the permanent effects of the electric field can
also contribute to the increase of AN,,. But, due to the
rapid transport through the oxide to SiO,-Si interface,
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the holes and hydrogen ions are generally not trapped
in the oxide. Through the series of electrochemical re-
actions [24], most of the holes and hydrogen ions are
trapped near the SiO,-Si interface, contributing to the
increase of AN ;. For smaller final values of AN, the
Fowler/Nordhaim tunnelling of electrons is also re-
sponsible. Namely, the electrons tunnelling from the
substrate into the oxide can compensate/neutralize
certain number of formed AN. It should be noted that
our findings on the values of AN, formed during the
electrical stress, are in agreement with the results of
similar studies [29], in which the effects of the high
electrical field ( >7 MV/cm) were compared with the
ionizing radiation effects. Based on the ESR results it
is confirmed that, in the case of electrical stress, the E'
centers are not entirely responsible for the N, forma-
tion, but very possibly some other defects, as well.
This assertion can be implemented in our experimental
results. Namely, it is known that during the stress up to
the turn around, the negative shift of the threshold
voltage is caused by the increase of AN,,. So it would
be understandable that the same threshold voltage
shift of 3 V (during the 92 V electrical stress and dur-
ing the 25 min gamma irradiation) is a consequence of
the same AN, values. However, the different values of
AN, are obtained (figs. 3 and 9).

The increase of Py, centers density during these
types of stresses is also caused by the holes and the hy-
drogen species, primarily by the H, [23, 24]. Namely,
the H, molecules from the adjacent structures diffus-
ing through the oxide react with the positive charged
oxide traps, and the result of that is the neutralization
of positive oxide traps followed by the H ions releas-
ing [30] (i. e., the reduction in slope of electrical stress
time dependence of AN, fig. 5)

=Si! +H, =>=Si, +H"

The released H* ions drift to the SiO,-Si inter-
face along with the holes. At the interface, the H" ions
trap the electrons from the substrate and transform into
high reactive hydrogen atoms H'. In reaction with the
precursors of P, centers, the H? atoms can form the H,
(or H,0) molecules, creating the Py centers [31, 32]

=Si, ~H(OH)+H’ = =Si? + H, (H,0)

The AN, formed in these electrochemical reac-
tions is much higher in the case of the 120 min electri-
cal stress than in the case of the 95 min gamma irradia-
tion (fig. 6). It is because the holes from the oxide traps
can directly tunnel at the interface defect levels [11],
increasing the AN;,. On the other hand, during the irra-
diation all available H" ions do not participate in the
formation of P, centers (because of the low applied
field during the irradiation, a relatively small number
of H' ions reaches the SiO,-Si interface causing much
less P, centers being formed). In the case of irradia-

tion, the AN, reaches its maximum value, comparable
with the maximum value during the electrical stress,
only during the annealing phase (a latent build-up of
the interface traps). The main role is attributed to the
other available molecules of the hydrogen [16] being
trapped in the oxide which is followed by the neutral-
ization of the positive oxide charge and the release of
H" ions. As the H* ions diffusing to the SiO,-Si inter-
face are trapped on numerous oxygen vacancies, their
diffusion through the oxide is slowed. Because of that,
the above mentioned electrochemical reaction starts
with a delay (it starts during the annealing phase when
the H" ions are thermally excited). The latent build-up
of AN, is followed by the latent decrease of AN, (figs.
5,6,9, 10), which were found to depend on the type of
ionizing radiation [33].

Finally, the decrease of AN, during the sponta-
neous recovery and during the annealing (in the case
of electrical stress), and after the latent build-up during
the annealing (in the case of irradiation) is attributed to
the hydrogen species H, and H’, as well [34], as a re-
sult of the P, centers passivation

=Sil+H, =>=Si, ~H+H’

=Si'+H" ==Si -H

CONCLUSIONS

Although some authors claim that the effects of
gamma radiation and electrical stress in MOS devices
are similar, in this paper it is shown that in power
VDMOS transistors these effects are different. The
obtained results are based on the threshold voltage
changes of transistors investigated not only during the
stresses, but also during the subsequent spontaneous
recovery and annealing. The stressing was carried out
to enable the three terms of devices parameters com-
parison: approximately the same values of the total du-
ration time of gamma radiation and electrical stress,
the device stressing to the threshold voltage turn-
around, and the device stressing to achieve close val-
ues of the threshold voltage shift. The analysis of the
changes in AN, and AN,,, which resulted in a corre-
sponding change of AV, indicates the following sig-
nificant differences between investigated effects:

— the gamma radiation stress primarily affects the
gate oxide (significantly higher final values of
AN, compared to AN;; were achieved), regardless
of the stress level,

—  before the turn-around, the electrical stress also
primarily affects the gate oxide, while after the
turn-around, it primarily affects the SiO,-Si inter-
face (a significantly higher final values of V;, com-
pared to AN, were achieved), regardless of the
stress level,
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regardless of the similar final values of Aly
changes, different values of AN, (ANj;) influenced
by the gamma radiation (200 Gy) and electric
stress before the turn around were observed, and
the latent interface trap build-up occurred during
the annealing phase is a typical phenomena for ir-
radiated devices (in which the threshold voltage
rebound is also detected), but not for the electrical
stressed ones.
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INOPEBEE YTULAJA TAMA 3PAYEBA U EJEKTPUYHOT
HATIPE3AIBA HA JE®EKTE Y OKCUAY N HA MEBYINOBPIINHU KOJ{
VDMOS TPAH3UCTOPA CHATE

Y oBOM pajly HCTpakMBaHU Cy M ynopebuBaHu edeKTH rama 3payewma U €NeKTPUYHOT
Hampesamwa Koj n-kaHamHux VDMOS Tpansucropa cHare. AHalu3upameM IOMepaja IPEHOCHUX
KapaKTepUCTHKA M IPOMEHA HaIlOHA Mpara UCIUTUBAHMUX TPAH3UCTOPA, KAa0 U OAroBapajyhux mpomeHa
IYCTUHA HaeJleKTpHucama y OKCHAy rejra u Ha Mebynospiunu SiO,-Si, TOKOM Hampesamwa u nparteher
CIIOHTAHOT ONOpaBKa (OfpKapuBaba), TOKa3aHo je fia OBa J[Ba THIA Hallpe3ama Pa3INnIuTO YTHIY Ha OKCHJL
rejta u Ha Mehynospumny SiO,-Si.

Kwyune peuu: VDMOS iupan3ucitiop cHaze, 2ama 3paderse, eaeKiupu1Ho Hailpedarbe, HAllox tipaaa,
Haenexmpucarbe y okcuoy 2ejilia, o8pULUHCKO Cillarbe



