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One of the main requirements for modern radio electronic equipment is the issue of electromagnetic
(EM) stability, which means the ability to maintain operating parameters during and after the action of
pulsed EM radiation of various origins. The problem of ensuring EM stability is due to the fact that under
the influence of EM pulses, overvoltage pulses appeared in the circuits, which is particularly prone to the
destruction of semiconductor devices due to both the properties of the p-n junction and the specific thermal
conductivity of semiconductor materials. At the same time, the effects of resistive switching are actively
used in modern electronics, in particular, the work of memristors is based on resistive switching in oxides
of transition metals. This effect of resistive switching has long been observed in CdTe, both on thick (more
than 100 pm) single-crystal layers and in thin polycrystalline films. The novelty of the proposed work con-
sists in the fact that switching processes between low and high conductivity states in CdTe films depend on
various factors, such as the film thickness, its initial structure, the power of the switching pulse, and the
contact properties. Thin film CdTe based structures were prepared by using vacuum deposition methods.
The study of fast switching processes in manufactured Mo — cadmium telluride — Mo structures was car-
ried out by measuring and further analytical processing of their amplitude-time characteristics under the
action of EM pulses of nanosecond duration. It was found that the prototypes with a metallization diame-
ter of 0.5 mm and 6 mm, made using the planar technology, have similar parameters: the switching time is
at the level of 1-2 ns, similar values of the cutoff voltage and the course of its dependence on the pulse am-
plitude. The geometry of the contact metallization does not affect the switching parameters of structures,
and in the manufacture of protection elements against EM pulses on their basis, an industrial technology
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for the formation of metallization can be used without the need for its excessive miniaturization.
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1. INTRODUCTION

One of the main requirements for modern radio
electronic equipment (REE) is the high reliability of its
operation under the influence of external factors. Re-
cently, more and more attention has been paid to the
issue of electromagnetic (EM) stability, which means
the ability to maintain operating parameters during
and after the action of pulsed EM radiation (EMR) of
various origins [1]. The problem of ensuring EM stabil-
ity of REE is due to the fact that under the influence of
pulsed EMR, overvoltage pulses appear in the circuits,
amplitude values, rise times and duration of which can
vary within wide limits due to many factors. EMR-
induced pulse overvoltage can have a serious negative
effect on elements of equipment (especially input devic-
es), and it should be noted that semiconductor devices
are especially susceptible to destruction under the
action of EMR [2, 3]. This is due to both the properties
of a p-n junction and the specific thermal conductivity
of semiconductor materials. When the reverse bias
voltage of the junction is sufficient to realize an ava-
lanche breakdown, the junction may release large
amounts of thermal energy due to the progressive ac-
cumulation of which the temperature can reach values
equal to the melting point of semiconductor materials,
which causes shunting of a p-n junction [4-6]. As the
size of semiconductor devices decreases, the level of
energy required for their destruction decreases and for
integrated circuits is from 10-3 to 10-7d.

At the same time, the effects of resistive switching
are actively used in modern electronics, in particular,
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the work of memristors is based on resistive switching
in oxides of transition metals. This effect of resistive
switching has long been observed in CdTe, both on
thick (more than 100 um) single-crystal layers and in
thin polycrystalline films. In [7], the use of the switch-
ing effect under the influence of optical high-frequency
generation is proposed. This gives hope for the devel-
opment on the base of these films of optically controlled
super-fast THz devices, such as THz switches and THz
modulators for microwave photonics [8-11]. Another
important application of devices with switching effects
is the prospect of creating on their basis elements of
REE protection from pulsed EMR. In [11-16], the
effects of switching in CdTe films under the action of
EM pulses were studied and it was experimentally
established that CdTe layers with a thickness of 3 to
7 um can be used to create protection elements with a
switching time of several nanoseconds. Unlike existing
protection elements, based mainly on the use of diodes,
structures with CdTe film do not have a p-n junction,
so they are more reliable and cheaper to manufacture.
CdTe film structures can be easily implemented on
flexible substrates. In addition, the technology of
obtaining high-quality CdTe films has been developed
at a high industrial level in the production of CdS/CdTe
based solar cells [17], which allows us to hope for the
rapid introduction of new protection elements based on
these films.

The switching processes between low and high con-
ductivity states in CdTe films depend on various fac-
tors, such as the film thickness, its initial structure,
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the power of the switching pulse, and the contact pro-
perties. Establishing the laws of these dependences will
supplement the theory of switching and bistable states
in CdTe films. Additional interest in the question of the
influence of the properties (including geometric) of
contacts is added by the transition in modern electron-
ics [18] from the body edition design of elements to
planar technology, when all devices that are part of
REE are made on a printed circuit board. In this case,
the ability to perform contact metallization by well-
established industrial technologies will be an addition-
al advantage.

The goal of the paper was to study the influence of
the contact metallization geometry on the amplitude-
time characteristics of the switching processes in thin-
film structures based on cadmium telluride layers.

2. CdTe BASED SAMPLES PREPARATION
TECHNIQUE

Two groups of thin-film samples will be investigated
in this research. A general manufacturing step was the
formation of CdTe base layers. An industrial vacuum
unit and a method of thermal vacuum deposition of
99.999 % pure powder with a particle size of 10 mm were
used to deposit the cadmium telluride base layers on
substrates made from electrolytically polished molyb-
denum foil with a size of 10 cm x 10 cm. The initial vac-
uum was 6-10-6 mm Hg, the working pressure in the
vacuum chamber during deposition was kept at a level of
1-10-> mm Hg. For thermal evaporation of cadmium
telluride, a graphite crucible with indirect heating from
two electrically insulated heaters was used.

The deposition temperature of CdTe was monitored
using a thermocouple installed in the heater, the heat-
ing time of the crucible to an operating temperature of
750 °C ranged from 260 to 275 s. The accuracy of cruci-
ble temperature control was not less than 5 °C. The
thickness of the deposited layers of cadmium telluride,
determined by the deposition time, was 3-10 um. A
quartz thickness meter KKT-40 was used to control the
thickness of cadmium telluride films.

The control of the initial electrical resistance of the
cadmium telluride film was carried out at a tempera-
ture of 20 °C using a digital ampere-voltmeter MS8040.
Along with the initial electrical resistance of the sam-
ples at direct current, their electrical capacity was also
investigated using a capacitance meter 1.2-28 at a fre-
quency of 107 Hz and at a temperature of 20 °C.

Samples of series 1 and 2 represented a transitional
type from the body edition design of the samples, pre-
viously studied in [10, 15], to an attempt to implement
a planar technology, which will place REE protection
elements directly on printed circuit boards. For sam-
ples of series 1 and 2, after the formation of a CdTe
layer by magnetron sputtering method, contact metal-
lization layers with a thickness of 2 pm were formed.
Metallization was formed through a metal mask with
holes of such size that the diameter of the electrodes
was 5 mm (series 1) and 0.5 mm (series 2).

To minimize parasitic capacitance and inductance,
a clamp-type contact device with a conductor length no
more than 1-2 cm was specially made.
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3. SAMPLES TESTING TECHNIQUE

To study the switching processes in the test sam-
ples, a research complex consisting of a nanosecond
pulse generator [16, 18, 19] made by the charge line
scheme [20-25], a Siglent SDS 1202X-E digital oscillo-
scope and a laptop were assembled, as shown in Fig. 1.
A pulse generated by it has the following parameters:
the pulse duration is about 30 ns, due to the length of
the charge line (5 m, about 5-6 ns per meter) and the
pulse growth front is about 2.2-2.4 ns, which is suffi-
cient for planned research. Volt-second characteristics
of the switching process in test samples were based on
experimental oscillograms obtained on a digital oscillo-
scope Siglent SDS 1202X-E. Experimental volt-second
characteristics obtained by this method were transmit-
ted in the form of tables on a laptop connected to the
oscilloscope, and then their analytical processing using
Microsoft Excel was carried out.

Fig. 1 — General view of the research complex

4. RESULTS OF ELECTROMAGNETIC PULSE
INFLUENCE

Fig. 2 shows a typical view of an oscillogram: a volt-
second characteristic recorded after passing through
the investigated samples of the EM pulse.
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Fig. 2 — Volt-second characteristic of the switching process in
a cadmium telluride film

Such volt-second characteristics, in digitized form,
were the original data sets for the analytical study of
the switching processes features in cadmium telluride
thin films.

Generalized results of analytical processing of ex-
perimental data for the investigated samples are
shown in Fig. 3.

According to the results of the analysis of experi-
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mental amplitude-time characteristics shown in Fig. 5,
it can be seen that for the investigated samples, the
switching voltage, independent of the pulse value,
changed arbitrarily with increasing pulse amplitude,
and the switching voltage did not exceed 40 V, i.e., did
not exceed 1/5 of the pulse amplitude, and there was a
significant reduction in the residual voltage to 1.5-4 V.
Apparently, the increase in the switching voltage is due
to the time of injection processes in CdTe, and its in-
crease with increasing pulse amplitude due is to the
fact that a pulse with a very steep front of 1-2 ns was
realized during the experiment. In this case, the steep-
ness of the pulse remains unchanged with increasing
amplitude and therefore we observe an increase in the
switching voltage because for the same time about 2 ns
pulse with a larger amplitude has time to grow to a
larger value.

In the study of samples made by planar technology,
in which electrical contact with a layer of CdTe is
realized by deposition of a molybdenum layer with a
thickness of 2 pm and a diameter of several millimeters,
contact before metallization was carried out in a special-
ly made clamp-type contact device with a conductor
length of no more than 1-2 cm to eliminate the parasitic
effect of capacitance and inductance in the conductor.
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Fig. 3 — Typical amplitude-time characteristics of switching
for samples of series 1 (a) and 2 (b) when changing the maxi-
mum amplitude of a pulse from 25 to 200 V

Studies of samples with a contact diameter of 5 mm
using such a contact device showed a reduction of switch-
ing time to values of about 1.8 ns and a significant reduc-
tion in the amplitude of the pulse that has time to pass
into the circuit before switching in comparison with body
edition design samples studied in [11, 16].

Detailed studies on series 1 samples with a large
area electrode found that they have a very short
switching time of the order of 1 ns, and the cut-off volt-
age, after which the switching is quite small and varies
from 5V, when applying 25V pulse, to 33-34 V, when
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applying 200 V pulse. It was also found that the cut-off
dependence on the pulse magnitude is linear. All sam-
ples are very close to each other in terms of the cut-off
voltage and show good stability in this parameter, as
well as in the switching time. Also, these examples are
characterized by a very small (1-2 V) residual voltage
after switching, which also does not depend on the
magnitude of the applied pulse.

The investigated samples were made on a single
substrate (Fig. 2) and for research were not divided
into separate elements, while no mutual influence of
the samples was detected. Also, repeated relocations of
the contact device probe from one sample to another,
their movement, providing additional pressure on the
probe did not have a destructive effect on their proper-
ties and no significant degradation of the samples was
detected.

In the next stage, samples of series 2 with a contact
electrode with a diameter of 0.5 mm in another similar
to those previously studied with an electrode with a
diameter of 5 mm were investigated to accurately es-
tablish the presence or absence of contact electrode size
influence on the properties of protection element. Ac-
cording to the results of series 2 samples study, it was
found that they are similar in properties to samples
with a large area electrode: switching time at 1-2 ns,
similar values of the cut-off voltage and the course of
cut-off voltage dependence on pulse amplitude.

Thus, it is shown that in principle the size of the
contact metallization electrode does not affect the
switching parameters of devices, which is a very im-
portant conclusion both from the point of view of phys-
ics and for future adaptation of such REE protection
elements into existing technology of modern electronic
devices.

The next step in the development of the investigat-
ed samples should be the transition from a molyb-
denum electrode, which, due to the characteristics of
the material, is difficult to solder or weld, to two-layer
Mo/Cu metallization, which will allow commutation of
protection elements in REE devices by soldering or
welding their contacts.

5. CONCLUSIONS

The presented paper is devoted to the investigation
of two groups of thin-film cadmium telluride structures
with different geometrical parameters of contact metal-
lization under the action of nanosecond duration EM
pulses.

According to the results of experimental data ana-
Iytical processing, it was found that test samples with a
metallization diameter of 0.5 mm and 5 mm made by
planar technology have similar parameters: switching
time at 1-2 ns, similar values of the cut-off voltage and
cut-off voltage dependence on pulse amplitude. The
geometry of contact metallization does not have a deci-
sive influence on the switching parameters of the in-
vestigated structures, and in the manufacture of pro-
tection elements against EM pulses, an industrial
technology of metallization formation can be used
without the need for excessive miniaturization.
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JHocaigsxeHsa npoeciB IBUIKOrO IePeMUKAHHS B CTPYKTYPAaX HA OCHOBI TeJIypumay KaaMmiio

M.B. Kipiuenko, A.M. JIposmos, J1.C. IlIxoma, P.B. 3aiimes, I'.C. Xpunyuos, K.O. Minakosa, B.O. Hikitiu

Hauionanvruii mexniunuli yrigepcumem «XapKiscobKull nonimexniukuli incmumym»n, eyn. Kupnuuosa 2,
61002 Xapxis, Vkpaina

OpHi€ 3 TOJIOBHUX BUMOT JI0 CYY4aCHOTO Pai0eJIeKTPOHHOTO 00JIaIHAHHS € MTUTAHHS eJIEKTPOMATHITHOL
CTIMIKOCTI, III0 O3HAYAe 3JATHICTH MIJTPUMYBATHA POOOYl mapaMeTpy IIif Jac 1 Imicsst il IMITyJIBCHOTO €JIEKT-
POMATHITHOTO BHUIIPOMIHIOBAHHS Pi3HOTO noxor:xeHHs. [Ipobiiema 3abe3neyeHHs €JIeKTPOMATHITHOI CTIMKOC-
Tl TIOB'S3aHA 3 THUM, IO i BILTHBOM EM-IMITyJIBCIB y JIQHITIOraX BUHUKAIOTH IMITYJILCH IIE€PEHAPYTH, 10
MPU3BOAATE 0 PYWHYBAHHS HAIIBIPOBIHUKOBUAX IIPUJIA/IIB BHACIIIOK SK BJIACTUBOCTEH p-N IIEPEXOJY, TAK
1 IrTOMOI TEIIOIIPOBIAHOCTI HAIIBIPOBIIHUKOBUX MaTeplaiB. Y Toi# ke yac eeKTH Pe3CTHBHOTO IIepe-
MHUKAHHS aKTHBHO BUKOPUCTOBYIOTHCSI B Cy4YaCHIN €JIEKTPOHIII, 30KpeMa, pob0oTa MEMPUCTOPIB 3aCHOBaHA HA
PE3UCTUBHOMY IIEPEMUKAHHI B OKCUIAX IepexiiHux MeTamis. [leil edeKT pe3ucTUBHOrO mepeMUKaAHHS BiKe
nmasHoO crnocrepiraerbesas B CdTe, ax Ha ToBeTux (moHaxm 100 MKM) MOHOKPHCTAIYHAX MIAPAX, TAK 1 B TOHKHAX
moJiKpucTaIiyHuX tLriBkax. HoBu3HA 3amporroHOBAHOI pOOOTH IIOJISITAE B TOMY, IO IIPOIECH IIePeMUKAHHS
MK CTaHAMHM 3 HU3BKOIO 1 BHCOKOW mpoBimHicTio B mwiiBkax CdTe sasmemaTs Bix pisHEX (PAKTOPIB, TAKUX AK
TOBIIMHA IUTIBKH, 11 TOYATKOBA CTPYKTYPA, HOTYKHICTD IMILYJIbCY [IePeMUKAHHSI, BJIACTHBOCTI KOHTAKTY. To-
HKOILTIBKOBI cTpyKTypHu Ha ocHOBI CdTe Oysim BUroTOBJIEHI MeTOmaMM BaKyyMHOTO OCAIyKeHHs. BuBueHHS
TIPOIIECIB IIBUIKOTO MTEPEeMUKAHHS B BUTOTOBJIEHUX CTPYKTypax Mo — temypum kagamio — Mo mpoBoguiocst
IUISTXOM BUMIPIOBAHHS Ta IOJAJIBIN0I aHAIITUYHOI 00POOKH IX aMILTITYQHO-4aCOBUX XaPAKTEPUCTUK IIiJT Jii-
€10 eJIEKTPOMATHITHHX IMILyJIbCIB HAHOCEKYHIHOI TPUBAJIOCT]. BCTaHOBIIEHO, 1110 TIPOTOTHIM 3 J1aMETPOM Me-
rasmiaarii 0,5 MM 1 6 MM, BUTOTOBJIEH] 3a IJIAHAPHOIO TEXHOJIOTIE, MAIOTh IIOI0H] TapaMeTpH: Jac IIepeMu-
KaHHs Ha piBHI 1-2 HC, OJIM3bKI 3HAYEHHS HAIPYTHU BIJACIKAHHSA Ta XiJT 11 3aJI€KHOCTI BIJl aMILIITY I IMILYJIb-
cy. 'eomerpist koHTaKTHOI MeTasTi3aIlil He BIIMBAE HA ITapaMeTPH [IePEMUKAHHS KOHCTPYKILH, a IIPU BUIO-
TOBJICHH] €JIEMEHTIB 3aXUCTy BiJ] €JIeKTPOMATHITHHUX IMITYJIbCIB HA IX OCHOBI MOYKHA BHUKOPHCTOBYBATHU ITPO-
MHCJIOBY T€XHOJIOT1I0 pOpMyBaHHA MeTaIi3alli 6e3 HeoOXigHo T 11 HaaMipHoI MiHiaTIOpH3aIrii.

Kmiouosi cnosa: [limanapua texsosoria, ['eomerpis, Immyise.
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