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The annealing of radiation-induced defects in burn-in stressed z-channel power
VDMOSEFETs with thick gate oxides (100 and 120 nm) is analysed. In comparison with the
previous spontaneous recovery, the changes of device electrical parameters observed during
annealing are highlighted by the elevated temperature and voltage applied to the gate, and are
more pronounced in devices with a 120 nm thick gate oxide. The threshold voltage of
VDMOSEFETs with a 100 nm thick gate oxide during annealing has an initially slow growth,
but then increases rapidly and reaches the value higher than the pre-irradiation one (rebound
effect). In the case of devices with a 120 nm thick gate oxide, the threshold voltage behaviour
also consists of a slight initial increase followed by a rapid, but dilatory increase, with an obvi-
ous tendency to achieve the rebound. The changes of channel carrier mobility during anneal-
ing are similar in all samples: at first, it slowly and then rapidly declines, and after reaching the
minimum it begins to increase. In the case of VDMOSFETs with a thicker gate oxide, these
changes are much slower. The underlying changes in the densities of gate oxide-trapped
charge and interface traps are also delayed in devices with a thicker gate oxide. All these phe-
nomena occur with certain delay in burn-in stressed devices compared to unstressed ones.
The leading role in the mechanisms responsible for the observed phenomena is attributed to
hydrogen related species.
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INTRODUCTION

Because of the superior switching characteris-
tics which provide reliable operation at frequencies
higher than 100 kHz [1], power VDMOS (Vertical
Double-Diffused MOS) transistors have become very
attractive devices for high frequency switching power
supply units used in medical, aircraft and military elec-
tronics, engine control systems, electronic systems in
nuclear facilities, cosmic vehicles, efc. An important
requirement for power VDMOSFETs assembled in
electronic systems for application in a radiation envi-
ronment (communication satellites, nuclear power
plants, nuclear weapons and other military equipment)
is high radiation tolerance. The knowing of radiation
tolerance is important since during long-term missions
of communication satellites the devices can accumu-
late significant overall dose depending on satellite or-
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bits [2-4]. It was found that devices in low-Earth or-
bits can accumulate the total radiation dose of up to
100 Gy, while in a high orbits the dose can reach even
10* Gy [5].

It is well known that ionizing radiation leads to
the formation of the positive charge in the gate oxide
(N, and interface traps at the oxide-semiconductor
interface (V;,), which may cause changes in the thresh-
old voltage (77), reduction of carrier mobility (1), cur-
rent leakage increase, and breakdown voltage reduc-
tion in VDMOSFETs [6-8]. The decrease of V7 is the
most serious problem in commercial n-channel
VDMOSFETs, because it can change their functional-
ity, leading to possible functional errors of the elec-
tronic system the transistors are assembled in. Even
the radiation-hardened power VDMOSFETs may fail
due to the degradation of 11 and changes of V' [6].

Another important requirement for application
in radiation environment is high reliability of power
VDMOSFETs. It is achieved through the process of
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selection, by performing reliability screening for all
delivered devices, thus reducing possible “infant mor-
tality”. In the case of power MOSFETs, standard reli-
ability screening includes ‘“burn-in tests” (US
MIL-STD 883, Test Method 1015), such as: high tem-
perature reverse bias (HTRB), high temperature gate
bias (HTGB) and high temperature storage life
(HTSL) stresses [9]. However, HTGB stress was
shown to affect the radiation response in MOS transis-
tors [10], so the standard qualification testing for the
application of MOSFETs in radiation environment
was modified by imposing the requirement for radia-
tion qualification testing after burn-in (US MIL-STD
883, Test Method 1019). The need for modified quali-
fication testing has been confirmed by our recent re-
sults [11-13], which have shown that burn-in tests
could have significant impact in the case of power
VDMOSFETs as well, not only on their radiation re-
sponse, but also on the annealing of radiation defects.

Gate oxide thickness is an important technologi-
cal parameter having a significant impact on the elec-
trical characteristics of MOS devices upon stress [14,
15]. A dependence of radiation-induced shift of /' on
the gate oxide thickness ¢ was found to follow the
power law #* (n is between 1 and 3 [15], depending on
processing history and electrical biasing effects). This
is caused by the hydrogen released during the process
of high temperature oxidation and incorporated into
the oxide structure, breaking and/or weakening the
original atomic bonds in the oxide and at the interface,
and thus contributing to the increase in N, and N, [16].

Hence, the response of power VDMOSFETs to
different types of stress could vary depending on gate
oxide thickness, so in this paper we present a detailed
analysis of annealing effects on electrical parameters
inirradiated VDMOSFETs with thick gate oxides sub-
jected to pre-irradiation burn-in stress. The influence
of gate oxide thickness on post-radiation annealing re-
sponse will be discussed in terms of the mechanisms
responsible for the observed changes in the densities
of N, and NV;,.

EXPERIMENTAL RESULTS

The devices used were commercial n-channel
power VDMOSFETs EFLINI10, manufactured by
Ei-Semiconductors, Serbia, in standard Si-gate tech-
nology. 30 randomly taken devices with 100 nm thick
gate oxide (batch A) and 30 randomly taken devices
with a 120 nm thick gate oxide (batch B) were used.
Devices from both batches were electrically character-
ized and divided into three groups of 10 samples each.

Devices from the first group were not subjected
to pre-irradiation burn-in stressing and were used as a
reference. The other two groups were stressed before
irradiation: devices from the second group were sub-
jected to HTRB stress, while devices from the third

group were subjected to HTGB stress. An 80 V posi-
tive dc bias was applied to the drain (gate and source
terminals grounded) for HTRB stressing, whereas
HTGB stress was performed by applying the 20 V pos-
itive dc bias to the gate, with drain and source termi-
nals grounded. Both HTRB and HTGB stresses were
carried out at 125 °C for 168 hours in a Heracus HEP2
burn-in system. Electrical characterization of the
stressed devices showed that, within the experimental
uncertainty, their characteristics were not affected by
either of the two stresses performed. This indicated
that HTRB and HTGB stresses did not cause the mea-
surable amounts of classic bias-temperature instabili-
ties in the investigated devices.

Devices from all groups were then irradiated at
room temperature using a “°Co source at a dose rate of
0.13 Gy/s up to the total dose of 750 Gy(Si). After the
irradiation, the devices were stored at room tempera-
ture for a year, with all terminals shorted, to recover
spontaneously. Finally, the devices were annealed at
125 °C for 700 hours. During both irradiation and an-
nealing, the gate bias was kept at 10 V, while the drain
and source terminals were grounded.

Electrical characterization was done periodically
by measuring the subthreshold and above-threshold
transfer characteristics in saturation region using a
PC-driven system of source measure units Keithley 237
and Keithley 2400.

The behaviour of V' and 1 during the irradiation,
recovery and annealing is shown in figs. 1 and 2. As
can be seen, the irradiation caused a significant nega-
tive AV and the reduction of 11 in all devices, the ef-
fects being more pronounced in the devices from the
batch B. The larger AV was observed in the pre-irradi-
ation stressed samples, while the reduction of u was
more considerable in the reference ones. Note that
there was almost no difference between the radiation
responses of HTRB and HTGB stressed
VDMOSFETs from both batches. This is in line with
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Figure 1. Threshold voltage behaviour in power VDMOS
transistors during (a) irradiation, (b) spontaneous
recovery, and (c) annealing at 125 °C
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Figure 2. Behaviour of channel carrier mobility in power
VDMOS transistors during (a) irradiation,
(b) spontaneous recovery, and (c) annealing at 125 °C

an earlier finding that the radiation response appeared
almost independent on the device pre-irradiation
stress biasing for MOSFETs in different CMOS tech-
nologies [17]. Though, AV and the reduction of ¢ in
our HTRB and HTGB stressed samples were slightly
different (a slightly larger AV, in HTRB, and slightly
larger reduction of p in HTGB stressed devices),
which could be a consequence of different irradiation
induced changes in N, and N, densities. The results
presented in [17] have shown similar behaviour of AV
in irradiated MOSFETs.

Figs. 1(b) and 2(b) show that the spontaneous re-
covery resulted in only a smaller increase of V' and in-
significant changes of u, the effects being somewhat
more pronounced in the devices from the batch B. Af-
ter the initial increase (within 3000 h), V; remained al-
most constant in all samples except in the reference
one from the batch B, fig. 1(b). In the devices from the
batch A the initial increase of V. was somewhat more
pronounced in the stressed samples than in the refer-
ence ones, whereas in the devices from the batch B the
initial increase was significantly lesser in the stressed
samples. In the reference samples from the batch B, a
significant initial increase of V; was followed by
somewhat less pronounced increase during the rest of
the recovery time. As for the behaviour of 1 during the
recovery, fig. 2(b), an insignificant increase followed
by a negligible decrease in all stressed samples was
observed. These changes were somewhat more pro-
nounced in HTRB stressed samples from the batch A.
On the other hand, in all reference samples, an initial
decrease of i was followed by a slight increase.

In contrast to the recovery, annealing at 125 °C
had significant effects on both V7 and u, figs. 1(c) and
2(c). As can be seen, the changes of V' and 1 appeared
first in the reference samples. A slow increase of Vin
the early stage of annealing followed by a rapid in-
crease was observed in all devices, except in the refer-
ence ones from the batch B, where the significant in-
crease of V' was observed from the very beginning of

annealing, fig. 1(c). A sudden rapid increase occurred
first in the devices from the batch A, and then in those
from the batch B. In contrast, i quickly decreased in
all devices, fig. 2(c). The mobility reached its mini-
mum after a certain annealing time, and then quickly
increased up to the value somewhat higher than the
one found after the irradiation. Figure 2(c) clearly
shows that the minimum of u was achieved at first in
all reference samples. In the case of the stressed sam-
ples, itappeared first in the devices from the batch A.

It should be noted that after the annealing time
close to (but somewhat shorter than) the one corre-
sponding to the mobility minimum, V7 begins to in-
crease rapidly and quickly exceeds its pre-irradiation
value. This phenomenon, known as the rebound effect
[18], may cause device failures, thus leading to the
faulty operation of the electronic system in which the
devices are assembled. The rebound effect was ob-
served in all devices from the batch A and in the un-
stressed samples from the batch B, and clear tendency
to reach the rebound was observed in the stressed sam-
ples from the batch B, as well. Regarding the effects of
pre-irradiation stressing, rebound occurred somewhat
earlier in HTGB stressed samples from batch A, and
almost at the same time in both HTRB and HTGB
stressed ones from batch B.

MECHANISMS RESPONSIBLE

The changes of Vi and p (figs. 1 and 2) are
caused by underlying changes in the densities of N,
and N;,. The behaviour of AN, and AN;, during irradia-
tion, spontaneous recovery and annealing is shown in
figs. 3 and 4, respectively. A subthreshold midgap
(SMGQG) technique [10] was used to determine AN, and
AN, The technique was not applicable after the irradi-
ation at the highest irradiation dose levels (600 and
750 Gy(Si) because of the severe distortion of device
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Figure 3. Changes in the density of oxide trapped charge
in power VDMOS transistors during (a) irradiation,
(b) spontaneous recovery, and (c) annealing at 125 °C
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Figure 4. Changes in the density of interface traps in
power VDMOS transistors during (a) irradiation,
(b) spontaneous recovery, and (c) annealing at 125 °C

subthreshold characteristics, so these data are missing
in figs. 3(a) and 4(a).

As can be seen in fig. 3, the behaviour of AN, in
both groups of transistors is qualitatively the same: it
increases during the irradiation, saturates and remains
nearly unchanged during the spontaneous recovery,
and starts to decline only during the annealing. How-
ever, some important quantitative differences in AN,
between the devices with two different gate oxide
thicknesses can be observed. Namely, AN, is gener-
ally more pronounced in the devices with a 120 nm
thick gate oxide than in 100 nm ones. Further, in the
case of a thicker gate oxide, the effects of pre-irradia-
tion burn-in stress can be observed already during irra-
diation, whereas in the case of a thinner oxide these ef-
fects are not observed during irradiation, remain rather
insignificant during spontaneous recovery, and be-
come considerable only after about twenty hours of
annealing. In the case of the devices with the gate ox-
ide thickness of 120 nm, it can be seen that: (1) irradia-
tion causes a less significant increase of AN, in the
control samples than in the pre-irradiation burn-in
stressed ones, (2) AN, in the control samples during
the spontaneous recovery saturates at a lower value
than in the stressed ones, (3) AN, during annealing de-
creases significantly in the control samples, but a
rather small decrease is observed in the pre-irradiation
stressed ones, and (4) HTRB and HTGB stress seem to
have almost equal effects on AN,,. On the other hand,
inthe case of a 100 nm thick gate oxide, during irradia-
tion there are no differences in AN, behaviour be-
tween the control and pre-irradiation burn-in stressed
samples. These differences remain insignificant dur-
ing spontaneous recovery and even in the initial phase
of annealing. After more than 20 hours of annealing
AN, begins to decline rapidly in all samples, but this
decrease starts much earlier in the control samples
than in the stressed ones, where the effects of HTGB
stress are observed somewhat before the effects of
HTRB stress.

pronounced increase is observed in the case of 120 nm
gate oxide thickness. The increase of AN, is similar in
all samples with the gate oxide of 100 nm, whereas in
the case of 120 nm it is more pronounced in the control
samples than in the burn-in stressed ones. Specifically,
the radiation-induced ANj; in the control samples with
the gate oxide of 120 nm is about three times higher
than in the other samples. During the spontaneous re-
covery, AN, in all samples remains almost constant as
found after the irradiation. In the burn-in stressed sam-
ples, AN, in the devices with the gate oxide of 120 nm
generally overlaps with corresponding AN;, found in
the 100 nm oxide devices, though the effects of HTGB
stress seem stronger than the effects of HTRB stress
for each thickness of the gate oxide. Finally, during an-
nealing, AN, in the control samples with 120 nm oxide
at first slowly increases, and after reaching the maxi-
mum begins to decrease. In all other samples, includ-
ing both control and burn-in stressed devices with 100
nm oxide, as well as the burn-in stressed samples with
120 nm oxide, a sudden rapid increase of AN, known
as latent interface trap buildup (LITB) [19], is ob-
served. The LITB occurs much earlier in the samples
with 100 nm oxide (first in the control, and then in
HTGB and HTRB stressed ones) than in 120 nm ones.
Actually, the LITB in HTRB stressed samples with
120 nm thick oxide is several hundred hours delayed,
but is more significant, so the corresponding AN;, max-
imum is almost one order of magnitude higher than in
the samples with 100 nm oxides. The delay of LITB in
HTGB stressed samples is even larger, but clear ten-
dency to attain a high maximum is observed as well.

As can be seen from figs. 3 and 4, most remark-
able changes of AN, and AN, occur during annealing,
which is reflected in the changes of V', fig. 1(c), and z,
fig. 2(c). This especially can be clearly seen in the sam-
ples with 100 nm oxide, where the slow decrease of
AN, and the increase of AN, in the early stage of an-
nealing are in line with the slow increase of V7 ob-
served in fig. 1(c), whereas the results shown in fig.
2(c) seem to be in accordance with the mobility degra-
dation model [20], which implies that even small
changes of AN, lead to the significant mobility de-
crease. The LITB process begins after the annealing
time close to (but somewhat shorter than) the one that
corresponds to the mobility minimum, whereas the
slow decrease of AN, continues. AN, reaches its maxi-
mum after the annealing time close to (but somewhat
lower than) the one corresponding to the appearance
of the rebound effect, and then starts to decrease. Ap-
proximately at the same time, AN, starts also to de-
crease, but much faster.

Regarding the ionizing radiation, the knowledge
acquired during many years of microelectronic de-
vices testing [ 14, 21-23] has been successfully imple-
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mented in explaining the impact of ionizing radiation
on VDMOSFETs, and an appropriate model of re-
sponsible electrochemical process has been proposed
in [8]. The essence of the model lies in an assumption
that weak bonds between silicon and oxygen atoms in
the oxide structure (as well as the bonds in the defects,
between silicon atoms and hydrogen/hydroxyl groups
and/or atomic clusters containing hydrogen) near the
oxide-silicon interface are being broken upon irradia-
tion. The results of this process are the appearance of
unsaturated silicon atoms acting as hole traps (which
form positive charge in the oxide), as well as hydroxyl
groups or hydrogen related species, which are moving
towards the interface by diffusion. Hydroxyl groups or
other hydrogen related species can be also released in
the process of defect dissociation initiated by hole
trapping, which contributes to the buildup of N,,. On
the other hand, the creation of N,; is the consequence of
breaking the weak atomic bonds at the oxide-semicon-
ductor interface, either by holes or by diffused hydro-
gen related species.

It has been shown that thick gate oxides, unlike
thinner oxides, contain many more strained atomic
bonds, not only in the bulk, but also at the ox-
ide-semiconductor interface [15]. As a result of the
existence of numerous oxide and interface trap pre-
cursors, the stress induced buildup of AN, and AN, is
higher in thicker oxides, which leads to the signifi-
cant degradation of device electrical parameters.
This is confirmed by our results presented in figs. 3
and 4, as well. It can be clearly seen that AN, and AN,
are generally larger in the case of thicker gate oxides,
not only during the irradiation, but also during the
spontaneous recovery and annealing. Possible expla-
nation for the pre-irradiation burn-in stress effects on
AN, and AN, behaviour during irradiation, proposed
in our earlier paper [11], is that bias-temperature
stress activates the metastable traps in the bulk oxide
by releasing the hydrogen from previously passivat-
ed traps, thus increasing the probability of AN,
buildup. The diffusion of the released hydrogen spe-
cies towards the interface leads to the passivation of
interface trap precursors thereby reducing the proba-
bility of AN, buildup. Our earlier results [12, 13], as
well as the results from fig. 3 in the current study pa-
per, have clearly shown that there has not been any
significant difference in the irradiation induced
buildup of AN, between the pre-irradiation stressed
and the control samples. Therefore, it seems that the
hydrogen species responsible for the passivation of
interface trap precursors originate either from the
package inside or from the layers adjacent to the gate
oxide (polysilicon gate, CVD oxide, or passivation
layer). The diffusion of these species towards the in-
terface during burn-in stressing leads to the
passivation of interface trap precursors, thus sup-
pressing the radiation-induced buildup of AN, in the
stressed samples (fig. 4).

During the spontaneous recovery, figs. 3(b) and
4(b), the radiation stress as a generator of new traps in
the oxide and at the interface is disabled, and addi-
tional hydrogen particles are not created any longer.
Consequently, the electrochemical processes of creat-
ing and passivating the oxide and interface traps, in
which the hydrogen particles released during the irra-
diation participate, become balanced, so AN, and AN,
maintain almost constant values achieved at the end of
the irradiation.

The behaviour of AN, and AN;, during anneal-
ing, figs. 3(c) and 4(c), can be satisfactory explained
by a model proposed hereafter, which similarly to
some other models [24, 25] ascribes the leading role to
H* ions. The main difference between these models
lies in the assumption about the origin of H* ions. Our
model is based on the assumption that in addition to H*
ions which were created during the formation of N,
and N, under irradiation, the H, originating from the
package inside and/or gate oxide adjacent layers is
also present as a secondary source of H ions near the
interface. An additional assumption is that hydrogen
particles are more numerous in devices with thicker
oxides. Thus, the H" ions in these samples start elec-
trochemical reactions at the interface as soon as the
temperature is sufficiently increased, and are trans-
formed into the atoms after picking up the electrons
from the adjacent silicon. These H atoms may react
with interface precursors and create interface traps,
with H, molecules being formed. The H, molecules
formed near the interface diffuse towards the oxide
bulk and can be cracked at positively charged oxide
traps, which leads to neutralisation of oxide trapped
charge and to formation of H' ions. The H" ions drift
under the positive oxide field towards the interface
and the above reaction sequence is rounded up, result-
ing in a slight buildup of N, in the early stage of an-
nealing. The H' ions, formed from the H,, contribute
to interface trap formation through the same reactions,
but with delay, since the H, slowly diffuse to the posi-
tions where the molecules are cracked. In the case of
thinner oxide, the amount of H* ions formed in the cre-
ation of N, and N, traps under irradiation is signifi-
cantly lower because of the lower concentration of
weak atomic bonds and is obviously insufficient for
initiating more electrochemical reactions with inter-
face trap precursors in the early stage of annealing.
That is why the leading role in annealing process must
be attributed to delayed H" ions originating from the
H, as the secondary source, which leads to the LITB
activation. In pre-irradiation burn-in stressed samples,
the sudden rapid increase of AN, is delayed due to the
lower concentration of H, available for cracking.
Namely, some of the H, have already been consumed
for passivation of interface trap precursors during
pre-irradiation burn-in stressing. The LITB delay in
the samples with thicker oxide is more pronounced,
and the most likely reason is the longer time required
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for the diffusion of hydrogen particles from the pack-
age inside and structures adjacent to the gate oxide. In
addition, the consumption of H, for passivation of in-
terface trap precursors during the pre-irradiation
burn-in stress is higher than in the case of thinner ox-
ide. It should be noted that in devices with thicker ox-
ides LITB is more pronounced as well.

CONCLUSIONS

Different radiation, spontaneous recovery and
annealing response, as well as different dependence on
pre-irradiation burn-in stress, were found in power
VDMOSFETs with different gate oxide thickness. The
threshold voltage and carrier mobility dependences on
pre-irradiation burn-in stress were less pronounced in
devices with thinner gate oxides, which were clearly
seen during irradiation and spontaneous recovery.
Pre-irradiation burn-in stress caused delay in the
changes of transistor electrical parameters during an-
nealing, which was much more pronounced in devices
with thicker gate oxide. The rebound of V. and sharp
minimum of u appeared later in the burn-in stressed
samples than in the control ones for both groups of the
investigated devices.

The main cause of the observed changes of elec-
trical parameters were the changes in N and N that
were rather uniform during the irradiation and sponta-
neous recovery, but much more pronounced during the
annealing in all samples. In the case of devices with
thinner gate oxides, a sudden decrease of N, after 20
hours of annealing in the control samples was fol-
lowed by similar behaviour of N in the burn-in
stressed samples, but with a pronounced delay. In the
case of devices with thicker gate oxides, the decrease
of N, has been more rapid in control samples, even in
the initial annealing phase. As for the changes in N,
during annealing, LITB was observed in all devices
with thinner gate oxides, and was only delayed in the
burn-in stressed samples compared to the control ones.
In the devices with thicker gate oxides, LITB was not
observed in the control samples but only in the burn-in
stressed ones, with an even larger delay.

The observed behaviour of N, and N, has been
explained by a model based on the assumption that H*
ions, which have a key role in the relevant electro-
chemical processes, originate from two sources. A part
is formed by breaking the weak atomic bonds during
irradiation (these are activated immediately after the
start of annealing, which in devices with thicker gate
oxides causes an increase in N, from the very begin-
ning of annealing stage). The other H" ions are formed
by cracking the H, molecules, which arrive from the
package inside and structures adjacent to the gate ox-
ide. During annealing, they drift to interface, causing
LITB in all devices with thinner gate oxides, as well as
in the burn-in stressed devices with thicker gate ox-
ides.
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OIXKAPUBABE PAIMJALIMOHUX NTE®EKATA KO VDMOS
TPAH3UCTOPA CHATE CA YJITPAJEBEINM OKCHUIOM TEJTA
KOJA CY INIOABPTHYTU TECTOBUMA 2XKAPEIbA

Y oBOM pajly aHaITU3MPAHO je OfKapuBame pajujannonux nedexara kog VDMOS tpansucropa
cHare ca ynrpagedenum okcumoM rejta (100 nm wm 120 nm), Koju cy OWIM TOXBPIHYTH
TeMIepaTypHO-HAIOHCKUM TECTOBHMA Kapemwa. Y mopebemy ca (ha3oM CIOHTAHOT ONOpaBKa MIPETXOAHO
03pavyeHNX TPAH3UCTOPA, TOKA3aHO je fia Cy IPOMEHE IbUXOBUX EICKTPUYHAX TapaMeTapa (HaloH mpara u
MOKPETIFUBOCTY HOCHIIANa) TOKOM OJIKapuBama MPOY3POKOBAHE JICjCTBOM IIOBHUIIICHE TEMIIepaType W
HanoHa Ha rejry. Tokom ogxkapusakba VDMOS TpaH3ucTopa cHare ca okcuoM rejra ge6musae 100 nm,
nocJje MOYeTHOT JIaraHOT IopacTa, HaIloH Ipara Harjo Nouuhe Aa pacte focTukyhu Bpegnoct Behy o one
npe o3paunBama. Kox Tpansucropa ca okcupoMm rejra aedsbuae 120 nm, HanoH mpara Takobe Hajnpe
JlaraHo, a 3aTUM HarJIo (aJu ca KallielheM ) pacTe, ca OUUTIIeTHOM TEHACHIIjOM Ja CE UCIIOJbY IIOMEHY TH
CKOK HamnoHa npara. [IpomeHe NoKpeT/bUBOCTH HOCHIIALa TOKOM OJIKapuBama Cy CIMYHe KOof o0e rpyIne
TPaH3UCTOpA: MOKPET/HUBOCT HAJIPE JIaraHO, a 3ATUM OIITPO ONafa, AOCTIKE MUHUMYM, a 3aTHM NTOUHHE
ma pacte. Y ciydajy TpaH3UCTOpa ca AeOJbMM OKCHAOM TejTa OBE IMPOMEHE Cy 3HATHO CIOpHje.
Oprosapajyhe npomMeHe rycTHHa HaeJeKTpHucama y OKCUAY M NMOBPUIMHCKHUX CTamba aHaJU3UpaHe Cy ca
acmekTa OfroBopHux MexaHu3ama. [loka3aHo je fa, Koj TpaH3UcTOpa ca [eObUM OKCUJIOM TrejTa, U
IIpOMEHE TyCTHHA HaelleKTpUCalka Y OKCUAY M IOBPILIMHCKUX CTamba Takobe kacHe. CBU IOMEHYTH
¢heHOMEHU TOKOM OfiXKapuBaka HajIIpe Cy 3alla’keHU KOJ KOHTPOJIHUX y30paKa, a 3aTUM KOJ y30paKka Koju
Cy Ipe oO3pauMBamba HU3JO0XEHU TeMIEepaTypHO-HAIOHCKUM TeCcTOBMMa »Kapewa. KibyuyHa yiora y
MOMEHYTUM MeXaHU3MKUMa MPUIKCAHA je BOJOHUKOBUM YeCTUIaMa.

Kmyune peuu: VDMOS iwipansuciiopu, HalloH ipaza, HOKpeilbU8oCil HOCUAAYA, HACACKIUPUCAbE Y
OKcuoy 2ejilla, HOBPULUHCKA CUllaA, AATUeHIUHU TOPACill 2y CllluHe HOBPUIUHCKUX Clatba,
uiecuiosu Hapersa



