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Ceramic varistors based on zinc oxide have excellent properties as protection devices
used in power industry. However, their breakdown voltage, dependent on number of grain
boundaries, is too high for use in electronic applications. In this work, performance of
micro-devices having varistor-type current-voltage characteristics with low breakdown
voltage is reported. The thermally stimulated depolarisation current (TSDC) technique was
used to study the dielectric relaxation of the Zn—Bi—O thin-film arresters. The surface
varistor layers were prepared by r.f. magnetron sputtering on nickel support. The TSDC
measuring system and cryostat apparatus used in experiment have been described.

Kepamuueckue BapucTOphHI HAa OCHOBE OKCHAA IIWHKA 06Jafal0OT OTIWYHBIMU CBOMCTBAMU
KaK YCTpOMCTBa 3aIUThl B DHEPTETUYECKON NPOMBINIIeHHOCTH. OZHAKO HX HANPAKEHUS
npobos, 3aBUCAIIVE OT KOJIMUYECTBA MEXK3ePEHHBIX I'DAHUI], CIUIIKOM BBICOKH JJIA HCIIOJIH30-
BaHUA B 9JIeKTpoHUKe. B HacToamell paboTe onucansl pabourve XapaKTEPUCTUKU MUHUATIOP-
HBIX YCTPOMCTB, MMEIOIINX BOJbTAMIIEDHbIE XapaKTePUCTUKU TUIA BaPUCTOPHBIX U HU3KUE
HaNpAXKeHUs npobosa. [nd mcciefoBaHUS IUSJIEKTPUUECKON DpejaKcalliyd TOHKOIJIEHOUHBIX
Zn-Bi—-O paspsaAAHUKOB NOPUMEHEH MeTOJ TOKA TEePMOCTUMYJUPOBAHHON [NEMOJIAPU3AIUN
(TTCH). IToBepXxHOCTHEBIE CJIOM BAapUCTOPOB IIOJIYUYEHBI METOJOM BBICOKOUACTOTHOIO MarHe-
TPOHHOTO HANBLJIEHUS Ha HUKeJIeBOU momioxkke. Onmcansbl cucrema nnsa usdMmepenusa TTCIH u
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KpuocraT, NCIIOJIb30BAHHBIE B pa6o're.

Electronic devices with strongly non-lin -
ear current-voltage characteristics (varis-
tors) made of zinc oxide (ZnO) were investi-
gated in the USSR already in early fifties
of the last century [1, 2]. But a consider-
able development in this kind of materials
for technical applications has been initiated
in the seventies of the last century [3]. Up
to now, several others, but still very inter -
esting and promising, properties of ZnO are
well known and documented, which may
find their applications in various technol -
ogy fields, e.g., in safety devices as sensors
of reducing and oxidizing gases [4—-6] and,
thanks to remarkable optical properties [7,
8], in optoelectronics. That is why the
works which focus on technological aspects
of various devices (massive, thick and thin-
layer) made of ZnO are topical.
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In this work, reactive magnetron sput-
tering process was used to grow films of
ZnO. A metallic alloy of zinc and bismuth
(with Zn/Bi concentration ratio equal to 9/1)
was used as a sputter target. The sputtering
process was run in a reactive atmosphere
made of oxygen and argon with volume con -
centration ratio O,/Ar being varied from 1
to 10. The energy density released at the
sputtered target was varied from 4 to
20 W/cm2. The attained film growth rate
was varying from 300 nm/min for pure
argon to 10 nm/min for pure oxygen. The
films obtained for O,/Ar volume composition
ratio larger than 5 were transparent with
slightly yellowish tint. All the obtained lay -
ers had strongly non-linear current-voltage
characteristics (Fig. 1). The switch-on volt-
age of the thin-film varistors was varying
from few tenths of volt to few volts and the
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Fig. 1. I-V characteristics of thin-film varis-
tors in O, atmosphere at room temperature.

non-linearity coefficient a from 5 to 15,
depending on the layer thickness.

The I-V characteristics of obtained speci-
mens were measured by scanning the DC
electric fields at a speed of 0.1 to 1 V/min
until the current flowing through the speci -
mens reached 1 mA. These measurements
were carried out at room temperature.

The thermally stimulated depolarization
currents (TSDC) were measured using short-
circuit method [9]. The apparatus set for
TSDC measurements is shown in Fig. 2. The
cryostat chamber is shown in Fig. 3.

The sample 1 to be examined is placed in
cryostat chamber between electrodes 3 and
4 separated electrically by plates cut out of
an Al,Oj single crystal. Both electrodes are
thermally shorted by inertial copper block 5
(being a bottom of tank for cryogenic fluid)
with heating coil. The mass of copper block
is calculated so as to assure the thermal
capacity of the system was sufficient to at-
tain both the stability of the preset tem-
perature (in the range of 100-400 K) in
15 min and cooling the measured sample to
liquid nitrogen temperature in 5 min. Elec-
trode 2 is fixed to mobile chuck 6 and ther-
mally shorted by coupling piece 7 with
block 6 where the Pt100 temperature sensor
8 is placed.

The TSDC measurements were made in a
vacuum (about 107° Pa), which allows us to
measure discharge currents at the noise level
~5[10716 A (Keithley 5614 electrometer) in
the temperature range of 90 K to 400 K with
linear temperature ramp b = 4 deg/min for
steady thermoelectret formation conditions
with formation time, temperature and elec -
tric field ty = 30 min, Tf = 345 K, and
E; = 1008 V/m, respectively.

The I-V characteristic of Zn-Bi—-O thin-
film varistors is shown in Fig. 1. All varis-
tors tested exhibited nonlinear I-V charac-
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Fig. 2. Schematic diagram of measuring
setup for TSDC [10]: 1, measuring chamber
(cryostat); 2, vacuum system; 3, tempera-
ture controller; 4, temperature programming
unit; 5, power supply; 6, reference to cold
junctions of thermocouple; 7, personal com-
puter; 8, electrometer.
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Fig. 3. Cross section of cryostat chamber.

teristics. A typical TSDC spectrum of Zn—
Bi—-O thin-film varistors is shown in Fig. 4.
Two characteristic current peaks in the
field thin-film varistor TSDC spectrum can
be distinguished. The first current peak, o
appears within the temperature range of
210 to 230 K (its temperature position is
about 225 K). That the O peak seems to be
related to the phase transition in the thin-
film varistor structure. The next current
peak, p is caused by a space charge in local -
ised states at ZnO grain boundaries.

Thus, the shape of I-V characteristics
measured for thin-film varistor structures
allows us to conclude that even in such a
simple two-component system, it is already
possible to obtain a varistor effect with
relatively low breakdown voltage. This is
possible when thermal vacuum evaporation

83



A.Gubanski et al. /| Thermally stimulated currents ...

of pure metals is used as a deposition proc -
ess. The TSDC spectrum of the investigated
thin-film wvaristor shows presence of two
peaks. These peaks are connected with
phase transition of investigated material
and space charge type depolarisation. Addi-
tional investigations will be carried out.
Acknowledgement. The project was sup-
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Fig. 4. TSDC spectrum for Zn-Bi-O thin-film
varistor.
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TepMOCTHMYJIHbOBAHI CTPYMH B TOHKOILIiBKOBHMX
Zn—-Bi—0O po3paagaukax

A.'y6anvcki, A.3aa, B.Micma

Kepamiuni BapucTOopr HA OCHOBiI OKCHAY IMHKY MAalOTh BiIMiHHI BJacTMBOCTI SK IIpHU-
cTpoi 3aXMCTy B eHepreTuuHiil mpomucaoBocti. IIpoTe ix Hanmpyru mpoboio, AKi 3aaexaThb Bif
KiZbKoOCTi MiK3epeHHMX TpPaHUIlb, € HAJATO BUCOKMMHU [AJS 3aCTOCYBaHHS B €JEKTPOHIIi.
B pobGori ommcano po6Goui XapaKTepUCTUKM MiHIaTIOPHUX IIPHUCTPOIB, AKi MalOTh BOJbTAM-
MepHi XapaKTePUCTUKU TUIY BapHCTOPHUX Ta HUSBKI Hampyru mpoboro. A JociigsKeHHs
IieJeKTPUYHOI pesakcaril TOHKOILIiBKOBUX ZN—Bi—O pospAmHuKiB 3acTOCOBAaHO METO[ CTPY-
My TepmoctumyaboBaHoi memoaspusariii (CTCIl). IloBepxHeBi Itapu BapHCTOpiB ofepsKaHi
METOJOM BHMCOKOUYACTOTHOTO MAarHETPOHHOTO HaNWJIeHHs Ha HikeaeBiit migkmammi. OmmcaHo
cucremy s BumipioBanusa TTCI ta KpiocraT, Aki BuKopucrati B pob6ori.
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