Sensor Electronics and Microsystem Technologies. 4/2009

CEHCOPU ®ISNYHUX BEJIMHNH

PHYSICAL SENSORS

UDC 681.586

ACTION OF MAGNETIC AND X-RAY FIELDS ON ELECTRO-PHYSICAL
PROPERTIES OF TEMPERATURE SENSORS

B. V. Paviyk, A. S. Hrypa, R. M. Lys,
D. P. Slobodzyan, R. 1. Didyk, J. A. Shykoryak

Ivan Franko National University of Lviv, Faculty of Electronics
Tarnavskogo,107,79017 Lviv, Ukraine
e-mail: pavlyk@electronics.wups.lviv.ua

ACTION OF MAGNETIC AND X-RAY FIELDS ON ELECTRO-PHYSICAL PROPERTIES
OF TEMPERATURE SENSORS

B. V. Pavlyk, A. S. Hrypa, R. M. Lys, D. P. Slobodzyan, R. 1. Didyk, J. A. Shykoryak

Abstract. The influence of X-ray and magnetic fields on the formation of radiation defects in
silicon temperature sensors is investigated by the method of capacitance spectroscopy. It is shown
that the defects which are generated by X-ray radiation are more sensitive to weak magnetic fields
in comparison with structural defects. Effects of weak magnetic fields (B=0.17 TI) on the pattern
changes VFC of barrier structures are opposite to the action of X-ray radiation.
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BIIINB MATHITHOI'O TA PEHTTEHIBCBKOT'O I10JIIB HA EJIEKTPO®I3NUYHI
BJIACTUBOCTI CEHCOPIB TEMITEPATYPHU

b. B. Iagaux, A. C. Ipuna, P. M. Jluc, /1. I1. Cao6003an, P. H. Jlioux, H. A. Illuxopsax

Anotaniga. MeTtogoM eMHICHOI CIIEKTPOCKOIIII JOCIIIKEHO BIIMB MarHiTHOTO Ta PEHTTEHIBCh-
KOTO MoJIiB Ha (popMyBaHHS pajialiiiHuX AedeKTiB B KpeMHieBUX ceHcopax Temmnepatypu. [Toka-
3aHO, 1110 TeHepPOBaHi peHTIeHiBCLKUM BUIIPOMIHIOBAaHHSAM pafiamiiiHi 1eeKTH € OibIn IyTIBi
JI0 [Iii c1aOKMX MarHiTHUX MOJIiB y HOPIBHSIHHI i3 CTpYKTYpHUMU AedekTaMmu. ist c1abKuxX MarHit-
Hux noniB (B=0,17 Tr) Ha 3aKOHOMipHOCTI 3MiHN BDX Gap’epHUX CTPYKTYP € IIPOTIICKHOIO 10
JIil pEHTI€HiBCbKOTO BUIIPOMiHIOBAHHSI.

KirouoBi cioBa: MarHiTHe Iojie, peHTTeHiBCbKe OIPOMiHEHHSI, ceHcop TemriepaTypu, BAX,
B®X, 6ap’epHi cTpyKTypH, 1eDEeKTH
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JIEUCTBUE MATHUTHOI'O 1 PEHTTEHOBCKOTO ITOJIEV HA DJIEKTPO®U3NYECKUE
OCOBEHOCTHU CEHCOPOB TEMIIEPATYPbI

b. B. Iasavix, A. C. Ipsina, P. M. Jlvic, /. I1. Ca06003an, P. H. JTudvix, H. A. Ivikopax

AnHotamus. MeTo0oM eMKOCTHOM CITEKTPOCKOITUHY UCCIEI0BAHO BIMSHUE MarHUTHOTO U PEH-
TF€HOBCKOTO ToJieil Ha ()OpMUpPOBaHUE paarallMOHHbBIX 1e(hEeKTOB B KPEMHUEBBIX CEHCOPaX TEM-
neparypsl. [TokazaHo, 4TO reHepUpyeMble PEHTTEHOBCKUM U3JIyYeHUEM paaralliOHHbIE 1e(DEKThI
0oJiee YyBCTBUTEIbHBI K BO3IEHCTBUIO C1A0BIX MATHUTHBIX IOJIEN B CPaBHEHUHN CO CTPYKTYPHBIMU
nedexkramu. eiicTBre caadblXx MAaTHUTHBIX Tojiei (B=0, 17 Ta) Ha 3aKOHOMEPHOCTU U3MEHEHUS
B®DX 6apbepHbIX CTPYKTYp SIBISIETCS MPOTUBOMOJIOXKHON K AEHCTBUIO PEHTITEHOBCKOTO U3JTyde-

HUA.

KiroueBble c10Ba: MarHUTHOE T0JIE, PEHTTEHOBCKOE U3Jy4yeHUe, ceHcop TeMmeparypbl, BAX,

B®X, 6apbepHBIE CTPYKTYPHI, Je(EeKThI

Introduction

Creating of reliable electronic systems that could
operate in extreme conditions represents an actual
problem of modern electronics, which is rapidly
growing. The conditions mentioned above are wide
range of temperatures and action of external mag-
netic or radiation fields. Since the temperature is
one of the most important parameters characteriz-
ing the course of various physical processes, it would
be important to study electro-physical parameters
of the temperature sensors under the influence of
magnetic fields and X-rays.

It has passed more than 15 years since the first
magneto-plastic effect has been detected in di-
electric crystals. Studies of action of weak magnet-
ic fields (MF) on the properties of semiconductor
crystals, in particular Si crystals or the structures
on its basis, have involved almost 7—§ years. There
have been reports in the scientific literature con-
cerning the effect of MF with the induction of ~ 1
Tl at the room temperatures (K7) on some char-
acteristics of crystals [1, 2], and also the action of
irradiation on temperature sensors [3]. It has been
shown that the effect of MF increases under the
action of pulsed or variables MF, depending on the
temperature and duration of the MF. It is also sen-
sitive to the type of impurity in crystals character-
ized by complex relationships between the volume
and surface properties of structures based on semi-
conductor crystals.

Therefore we believe that studies of mutual ac-
tion of the MF and irradiation on the active ele-
ments of temperature sensors (p-n-transitions) are
relevant because they allow us to consider and pre-
dict possible changes of characteristics and param-
eters of temperature sensors.

Experimental technique

The object of our study was a portable thermom-
eter sensor 7P-2H based on silicon uncased transis-
tors KT-354-2 [4]. Since the collector in the tran-
sistor has been short-circuited to the base, we used
only the emitter-base p-n-transition.

This thermometer was designed to measure
temperature in different environments from
—20 to +150°C (the limits for the allowable er-
rors were from £ (.1 to =0.5). The stability of the
thermometer was not inferior to traditional plati-
num resistance converters, though it was an order
cheaper.

During our studies the sample was put in turn
under the action of magnetic field and X-rays. Mag-
netic processing (MP) was made by aging the sensor
in a constant magnetic field (MF) with the induc-
tion of B = 0.17 Tl (to compare with known litera-
ture data). The sample was irradiated at the room
temperature using the X-ray irradiation with the
parameters of V=45kV and I=8mA (W-anti-
cathode).

Experimental results and their analysis

The results of our previous studies have shown
[5] that the low-doze (D < 500 Gr) ionizing electro-
magnetic radiation with y- and X-quanta leads to
stabilization of the sensor’s temperature character-
istics. In this case the VAC and VFC of the barrier
structures does not practically change and stabiliza-
tion of the temperature characteristics is explained
by partial “healing” of existing structural defects,
which is based on increasing of the diffusion coef-
ficient of inter-atomic defects under the action of
radiation fields.
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From the practical and scientific points of view
it would be interesting to study the effect of the
combined treatment imposed by the magnetic and
radiation fields. Because real sensors work in real
terms — the action of magnetic field of Earth, the
radiation of electromagnetic irradiation of
surrounding devices.

In Fig. 1 we show the changes in the VFC of the
sensor stimulated with the MF action, with the du-
ration of 24 h and 144 h. This action leads to small
changes in the capacity of p-n-transition in the pos-
itive voltage region. In other words, the capacity of
dielectric layer of the p-n-transition undergoes small
changes (4.3 %) under the action of MF (see curves
1, 2 and 3 in Fig. I) and saturates if the magnetic
processing lasts for /44 h. As there is no displace-
ment of the modulation areas along the voltage axis,
the density of surface states remains unchangeable
on the verge of separation, and the capacity changes
may be caused by decreasing charge localized in the
space charge region (SCR) of the p-n-transition.
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Fig. 1. VFC after the action of magnetic field and X-rays:
1 — initial sample; 2 — after 24h in the magnetic field;
3 — after 144 h in the magnetic field; 4 — irradiated with
the dose of 217 Gr; 5 — after 144 h in the magnetic field;
6 — with no action of external factors

If the sensor after the action of MF is exposed
under the X-ray irradiation with the dose of 217 Gr
at KT, then the value of p-n-transition capacity in-
creases by S0pF (19.3 %) (see curve 4 in Fig. I).
The aging of experimental sample under X-ray ir-
radiation during /44 h at KT does not change the
capacity, this allowing us to state that there is no
relaxation process involving the radiation defects.
Repeated action of the MF after the X-ray irradia-
tion during 744 h leads to reduction of capacity by
9.4 % (see Fig. 1, curve 5).
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Further annealing of the sample at KT during
144 h after the MF action gives rise to further re-
duction of the capacity down to its minimum value
(250 pF), which has been peculiar for the first cycle
of MF action (see Fig. 1, curve 6).

Under repeated action of X-rays (D = 325 Gr),
the value of the p-n-transition capacity increases to
325 pF (see curve I and 2in Fig. 2) and goes then to
its saturation.
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Fig. 2. VFC after the mutual action of magnetic field
and X-rays: 1 — initial sample; 2 — that irradiated with
the dose of 325 Gr; 3 — after 24 h in the magnetic field;
4 — after 96 h in the magnetic field

Recycling of magnetic processing of the irradiated
(325 Gr) sensor after the first 24 4 has led to a reduc-
tion of capacity of SCR by nearly 50 % (see Fig. 2,
curves 2 and 3). Further processing in the MF dur-
ing 96 h did not lead to any changes in the capacity
(curve 4), which had remained to be = 275 pF.

While discussing the data obtained above we
proceed from the fact that MF stimulates some
intra-defect reactions that stipulate unitizing pro-
cesses for some of point charged defects, along with
formation of the oxygen-vacancy complexes and
decreasing of internal strains in the crystals of Si
[6]. These effects also induce restructuring of de-
fects and reducing of flaws in the surface layer of
p-n-transition and, consequently, reducing of the
capacity of the p-n-transition.

The fact that the capacity of the p-n-transition
under the influence of MF decreases only by /1.7 %
is the evidence of that the structural defects sensi-
tive to MF are not peculiar to our initial sample.

The effect of the X-ray irradiation leads to de-
struction of the complexes formed, as well as to
generating newly of the ion defects, those of the
A- and E-types, as well as the isolated vacancies



B. V. Pavlyk, A. S. Hrypa, R. M. Lys, D. P. Slobodzyan, R. I. Didyk, J. A. Shykoryak

and double vacancies (VV-centers). That leads to
increasing charge localized in the dielectric layer.
Some of these defects are meta-stable and relax
with time. Significantly larger part of the radiation
defects generated by X-rays is sensitive to the MF
and takes part in the evolutionary processes that
lead to reduction of the SCR capacity.

From the analysis of the results obtained above
we can draw the following conclusions:

1. A small part of structural defect in the tem-
perature sensor based on silicon p-n-transition is
sensitive to the MF;

2. Radiation defects generated by the X-rays are
more sensitive, in comparison with the structural
defects responsible to the action of MF;

3. Weak magnetic fields (B = 0.17 T1) show the
effect on the sensory VFC p-n- transitions which is
opposite to the action of X-ray radiation.
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