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Abstract

The significance of studying the electrical characteristics of MIS devices in
different conditions such as stress and irradiation lies in the knowing of the endurance of
the insulator to the environmental changes. These characteristics are an important
demand in the practical uses of that devices. There is a great importance in the study of
the disadvantages of the ionized radiation so as to make devices that are used in industry,
space, military applications and television imaging in the fabricating of such devices that
contain radioactive sources . The study centers on two directions: the preparation of MIS
devices and making of a number of systems to use in particular measurements such as
cooling system (cryostat), annealing system, ramp voltage generator and heater. The
semi—conductor—insulator—metal devices have been prepared through depositing a layer
of 500°A of Ta205 on n—type of GaAs substrate by sputtering method. Then a layer of
1000°A gold Au was deposited by thermal evaporation under vacuum of ~10° Torr to
produce an over—metal gate in the MIS structure. The prepared devices have been
irradiated with alpha particles from ?*Ra (0.5mci) with different energies (5.1-1.2) MeV
and different times (0—30) min. The irradiation was achieved by two methods: an
accumulated low doses (ALD) and an accumulated high doses (AHD). The maximum
energy was attenuated by using thin layers of a certain polymer to get the energies
(4, 3, 1.8 & 1.2) MeV. The designed systems have showed a good efficiency in
measurements that enable us to reach to very low temperature up to (-173)°C in the
Cryostate and to high temperature up to 450+5°C in annealing system in addition to the
good efficiency of the Ramp Voltage Generator. However, the -V characteristics
showed that the current transport mechanism in an irradiated MIS devices is either
Shottcky or Poole—Frenkle. It has been noticed that the effect of the stress on the
standard (unirradiated) devices is ncarly negligible up to 4V biasing referring to
frequency responseless of these devices especially within the range (600Hz-1MHz). The
irradiation of the devices with accumulated low doses of alpha particles at room
temperature showed a permanent damage in the devices structure at irradiation energy
(5.1 & 1.2) MeV and a temporary damage at 4 MeV while the rest two energies
(3 & 1.8) MeV did not appeared any significant effect. On the other hand, the irradiation
with accumulated high dose showed that the irradiation energy (1.8 & 4) MeV became
an effective and produced a permanent damage as that produced by 5.1 MeV in the first
type of irradiation, the accumulated low doses, while the energy 3 MeV is again not
showed any significant effect as in the first type of irradiation. Thus the C-V
characteristics of an irradiated devices showed a shift in the flat band voltage (4VEs).
This shift often was in the passive direction of the applied voltage biasing giving positive
values of delta flat band voltage (4Vrp) nearly between (0.013-0.91)V, and sometimes
the shift was in the positive direction leading to negative 4Vrp values for both types of
irradiation. Moreover, the produced shift was accompanied by a significant increase or
decrease in the eftective charge density (4Q.). The change donor concentration (Ng) was
also calculated and it was found that the irradiation by a certain accumulated low



doses lead to a noticeable increase ranged between (10%2-10'%)cm™

(5.1 & 4) MeV, while this increase seemed to be approximately constant for other
irradiation energies (3, 1.8 & 1.2) MeV. But the irradiation with accumulated high doses

at the energy

gives Ny values about (10'*-10'7) cm™ for used energies. It was also found that the
annealing of MIS devices at 150°C does not affect on the device stability, and the best
annealing temperature that produces a good rectification of the device's current is about
250°C while the annealing at 300°C produced an ohmic conduction in the device. The
thermal activation energy has been calculated by predicting the thermal characteristics of
the irradiated MIS devices under low temperatures (103-303) K. The low values of the
activation energies shows the existence of large number of hopping positions and the
current transport mechanism might carry out through polar jumping. In addition to that,
It was found that for a particular case of irradiation nearly at irradiation time 6 min and
temperature about 163 K, a rapid increase in the current was occurred leading to an
"early peak" production in the device current. This effect in the device characteristics
may gives rise to the fact of creation a certain complex types of defects in the device
structure. It was noticed that the increasing of the forward biasing voltage lead to
increase the high of the early peak and gives rise to new increase in the current, "delayed
peak", to start appearing at irradiation time 18 min. However more increase in the
forward biasing voltage leads to faster increase in the high of the delayed peak than that
of the early one approaching to an equal high at about 2 volt.
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