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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-0 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. 

Kepa~MYec~Pie BapMCTOpbI Ha OCHOBe OKCllAa UMHKa 06naaa10~ OTnMYHbIMR C B O ~ ~ C T B ~ ~ I M  

KaK ~ C T ~ O ~ C T B ~  3 a q I I T b I  B ~ H ~ ~ ~ ~ T M Y ~ c K o I " ~  IIpOMLIIIIJIeHHOCTI?. O ~ H ~ K O  M X  HanpffXeHMR 
npo60~.  ~ ~ B M C I I I ~ M ~  OT KonmecTBa ~ e ~ 3 e p e ~ m ~ x  r p a ~ ~ 1 1 ,  CJI~?LLIKO~I  B ~ I C O K M  fins acnonb30- 
l3aHMR B 3JIeKTpOHUKe. B H ~ C T O R ~ ~ ~ ~  pa6o~e OnMCaHbI pa6owe XapaKTepMCTIlKM MHHHaTIop- 
HbIX YCTPO~~CTB, RMeIoqWX BOJIbTaMnePHble XapZlKTepHCTHKII TIlna BZlPMCTOPHblX M HM3KMe 
HanpffXeHMR npo6os. Ans MCCJIeaOBaHMR flH3JIe~TpMse~~0fi peJIaKCElqMH TOHKOIIJIeHOYHbIX 
Zn-Bi-0 pa3PRAHUKOB npHMeHefI MeTOA TOKa T ~ ~ M o c T M M ~ J I ~ ? ~ o B ~ H H o ~ ~  AeIIOJffpU3aqHM 
(TTCA). ~ O B ~ ~ X H O C T H ~ I ~  CJIOM BnpMCTOpOB nOJIylleHbI MeTOAOM BbICOKOYaCTOTHOTO MarfIe- 
TPOHHOrO HZlIIbI.IIeHHR Ha H R K W I ~ B O ~ ~  nOflJIOXKe. O ~ M C ~ H ~ I  CliCTeMa Ann Pi3hIePeHPiR TTCH H 

Electronic devices with strongly non-lin- 
e a r  current-vol tage character is t ics  (var is-  
tors) made of zinc oxide (ZnO) were investi- 
gated i n  the USSR already in early f i f t ies  
of the  las t  century [ I ,  21. But  n consider- 
able development in  th i s  kind of materials 
fo r  technical applications has  been initiated 
i n  the  seventies of t he  last  century [3]. Up 
to  now, several others ,  bu t  sti l l  very inter-  
esting and proinising, properties of ZnO a r e  
well known and  documented, which may 
find tlieir applications in  various technol- 
ogy fields, e.g., in  safety devices as  sensors 
of reducing and oxidizing gases [4-61 and ,  
thanks to  reniarknble optical properties [7 ,  
81, in  optoelectronics.  Tha t  is  why t he  
works which focus 011 technologicd aspects 
of various devices (nlassive, thick and thiii- 
Inyer) made of ZnO nre topical. 

I n  th i s  work, reactive magnetron spu t -  
t e r ing  process was used t o  grow films of 
ZnO. A metallic alloy of zinc and bismuth 
(with ZnlBi concentration rat io  equal t o  9/1)  
was used a s  a spu t te r  target .  The sput ter ing 
process was r u n  in  a reactive atmosphere 
made of oxygen and argon with volume con- 
centrat ion ratio O21Ar being varied f rom 1 
t o  10 .  The energy density released a t  tlie 
spu t t e r ed  t a rge t  was var ied f rom 4 t o  
20 w / c m 2 .  The at ta ined film growth r a t e  
was  varying froni 300  nm/inin fo r  pure  
a rgon  to  1 0  nni/niin fo r  pure oxygen. The 
f i lms obtained for  O21Ar volume coinposition 
ra t io  larger  than 5 were t ransparent  with 
slightly yellowish t in t .  All the  obtained lay- 
e r s  Iiacl strongly non-linear current-voltage 
characteristics (Fig. 1). Tlle switch-on volt-  
age of the thin-f i lm varistors was varying 
fronl few tenths  of volt to  few volts and the 
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Fig. 1. I - V  characteristics of thin-filnl varis- 
to rs  in O2 atmosphere a t  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 a t  a speed of 0 .1  to 1 V/min 
until  the current flowing through the speci- 
mens reached 1 mA. These n~easurements  
were carried out  a t  room temperature. 

The thermally stiinulated 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  A1203 single crystal. Both electrodes are 
thermally shorted by inertial copper block 5 
(being a bottom of tank for cryogenic fluid) 
with heating coil. The inass of copper block 
is calculated so as  to assure the thernlal 
capacity of the system was sufficient to at-  
tain both the stability of the preset t e n -  
perature (in the range of 100-400 K) in 
15 inin 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 PtlOO temperature sensor 
8 is placed. 

The TSDC measureinents were made in a 
vacuum (about Pa), which allows us to 
measure discharge currents a t  the noise level 
-5.10-l6 A (Keithley 5614 electrometer) in 
the tenlperature range of 90 K to 400 K with 
linear temperature ramp b = 4 deg/min for 
steady thernloelectret formation conditions 
with formation time, temperature and elec- 
t r ic  field t f  = 30 min, T f  = 345 K, nrid 
E f  = 1 lo6 V/m, respectively. 

The I V characteristic of Zn-BI-0 tliiii- 
film varistors is shown in Fig. 1 .  All vnris- 
tors tested exhibited nonlinear I-V chi~rnc- 

Fig. 2.  Schematic  diagram of measuring 
s e t u p  for  TSDC [lo]: 1, measuring chamber 
(cryostnt); 2 ,  vacuum system; 3, tempera- 
t u r e  controller; 4 ,  temperature programming 
uni t ;  5, power supply; 6,  reference to cold 
junctions of thermocouple; 7,  personal com- 
puter ;  8, electrometer. 

Fig. 3. Cross section of cryostat chamber. 

teristics. A typical TSDC spectrum of Zn- 
BCO 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, a 
appears within the temperature range of 
210 to  230 K (i ts  temperature position is 
about 225 K). That  the a peak seems to be 
related to the phase transition in the thin- 
film varistor s tructure.  The next current  
peak, p is caused by a space charge in local- 
ised states  a t  ZnO grain boundaries. 

Thus ,  the shape of I-V characteristics 
measured for thin-film varistor s tructures 
allows us to conclude that  even in such a 
simple two-con~poi~ent  systeln, i t  is already 
possible to obtain a varistor effect with 
relatively low breakdown voltage. This is 
possible when thermal vacuum evnpor a t '  ion 
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of p u r e  me ta l s  is  u sed  a s  a depos i t i on  proc-  
e s s .  T h e  TSDC s p e c t r u m  of t h e  i nves t iga t ed  ITSD? - A 

t h i n - f i l m  v a r i s t o r  s h o w s  p re sence  of  t w o  1 E-6- 

p e a k s .  T h e s e  peaks  a r e  c o n n e c t e d  w i t h  
p h a s e  t r a n s i t i o n  o f  i n v e s t i g a t e d  m a t e r i a l  1 E-8 

a n d  space  chn rge  t y p e  depo la r i s a t i on .  Add i -  1E-10 
t i ona l  i nves t iga t ions  wi l l  be c a r r i e d  o u t .  
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