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Abnormal magnetoresistance effect in self-doped Ag. sTe thin films (6=<0.25
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We report an abnormal room-temperature magnetoresistance behavior in self-dgpg@ieAfiims with Ag
doping concentratiod< 0.25. Both positive magnetoresistance and negative magnetoresistance are found with
the magnetic field applied along perpendicular to the sample surface and opposite direction, respectively. It is
also evident from our study that such magnetoresistéié®) behavior is strongly dependent on the doping
concentrations and the annealing time. The origin of the MR behavior is discussed and tentatively ascribed to
the complex structure of the films, which is analyzed by x-ray measurement.

Recently, there has been growing interest in the nonmagdilms were prepared. In our experiments the doping concen-
netic compounds such as silver chalcogenides due to theiration Swas 0.2, 0.25, 0.3, 0.4, and 0.5. Crystal structure of
large magnetoresistandMR) effect>? Xu et al reported  the films was examined by x-ray diffractometer. The room-
that the self-doped silver chalcogenides, ,Agle and temperature MR was measured with the standard dc four
Ag,. sSe (5~0.01~0.33), possess a large MR ratibp/p, probe method in an applied magnetic field normal to the film
up to 400% at 4.5 K and 60 kQ@20% at room temperature Plane. The field varied between 20 ar@0 kOe. The cur-
and 40 kOg Later, large MR ratio of 300% at 50 K and 70 Fént was applied in the film plane and small enough in order
kOe (60% at room temperature and 50 KOeas also ob- to eliminate self-heating effect. The measurements were per-
served in Ag-sTe thin films by Chuprakov and Dahmén. formﬁd with a_CLXr‘?ntzlo?“A'_ - -« fiotd
The temperature dependence of the MR of the films is dif. "€ MR ratioAp/p as a function of the magnetic fie
ferent from that of the bulk materialAlthough it was al- for the dlff(.aren't doping concgntranaﬁn the Ag, sTe films
ready proposed to be related with the carrier density, micro> SQOWH in Fig. 1. All the f_||m sam_ples were annealed at

. . 430°C for 3 h. The MR ratio here is defined A®/p(0)
structure and other physical factors in the samples, howeve%

. i . [Ap=p(=H)—p(0)]. The most interesting MR behavior as
the mechanism of the MR of self-doped silver chalcogenide ne can see from Fig. 1 can be described as follows: the MR

s still n_ot clear now. L behavior is strongly dependent on the doping concentration
In this paper, we report an abnormal MR behavior in Ag 5. For §=0.4 and 0.5, only MR is found with the field

self-doping Ag ., sTe films. Both positive magnetoresistance applied in both+z and —z directions and the MR ratio
(MR-p) and negative magnetoresistaritéR-n) are obtained

with the magnetic field applied along two opposite direc-

tions, +z and —z axis. Herez axis is defined as the field 254 . 3.01Ag,,Te 10.25
direction perpendicular to the film surface and the magnetic £ 284 i
field H applied along+z and —z directions correspond to 204 ¢ 26 7 f& 0.3
positive magnetic field { H) and negative magnetic field ] E 241 L~ LS
(—H) during the MR measurements, respectively. Such ab- 15 e - / fg& 0.4
normal MR behavior occurs only whed<0.25 in the 22 501 0 o £ ¥
; ° . —_— i 20-10 0 10 20 S ¥ 0.5

Ag,. sTe films annealed at 430 °C for 3 h. If the annealing 3R H (kO
time t>3 h or §>0.3, only MRy is observed. The possible ™~ 10+ (kOe)
origin of the MR behavior is also discussed. < 1

Ag-Te multilayers were prepared on 222 mnt glass 2‘ 54
substrates by using electron-beam evaporation with the base 4
pressure better than 10 Torr in the chamber. The evapora- 0 .
tion rate of Ag and Te was about 0.5 A/s, which was con- ] b
trolled by a quartz crystal monitor. The structure of the films at
was: substrate/Ag(408)/Te(500 A)/Ag(dag)/Te(200 A)/ -9+ e Ange
Ag(200A), where different values of the Ag thicknedg, T r— - v 1
were used for different samples in order to vary the Ag dop- -20 -10 0 10 20
ing concentrations in the Ag. sTe thin films. The as- H (koe)
deposited films were anneal@dsitu at about 10° Torr for
alloying. The Ag doping concentratiofl was first selected FIG. 1. MR of Ag sTe films as a function of magnetic field

by calculating stoichiometry for the films and further exam-for different . The inset shows resistivity of the Ag, ,sTe film as
ined by an inductively coupled plasma-atomic emissiona function of magnetic fielH. All the samples were annealed at
spectrometér(Thermo Jarrell-Ash Corp., IRIS/ARafter the 430 °C for 3 h.
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Aplp vs =H is symmetric. However, whefi=0.2 and 0.25,
MR-p is observed in field applied alongz direction, while, Ag,, . Te _
surprisingly, MR#, i.e., Ap/p<0, is found in field applied § ! 5=0
along —z direction. Moreover, in case &= 0.3, a transition -~ .
from MR-n to MR-p can be seen clearly &= —6 kOe. Mw
Thus the MR is positive and symmetric in heavily doping
concentrations, while the MR is negative in lightly doping

concentrations. Transition from MRna to MR-p can also ettt .A_)A .
occur in mediate doping concentration. Obviously, such )\JA

complex MR behavior in field applied alongz direction is
dependent on the Ag doping concentratidim the Ag, | sTe
films.

During MR measurements, two processes are used. One is
that the MR was measured with the field increased from 0 to
20 kOe, then decreased to the20 kOe and again increased o
to 0. The other is that the MR was measured with field M&
started from 20 kOe to O, then decreased from & &9 kOe. :
Both processes give the same MR results due to the fact that
the nonmagnetic Ag sTe films do not have any magnetic 0.5
hysteresis effect. In addition, MR behavior is not affected by

changing the direction of the measuring current in the films.

intensity

Moreover, attention has also been paid to the current strength 20 ' 30 ' 40 ' 50 ' 60
effect on the MR behavior. We note that if the current
changes within some extent, one can still obtain the same 20 (deg)

MR behavior for all the films.

We also note that the MR- behavior found in our
samples is different from that in previous studies in other]c
materials’=® The MR of our samples shows clear depen-
dence on the directions of applied field. For lightly doping
samples, the MRris only found in field applied along-z .
direction, while the MRp is observed in field applied along However, these mod_els can only explalln 'e|ther the M.R'
+z direction, exhibiting an asymmetry behavior. However,°' the MRn, but seem '”CaPab'e of explaining the (_:oeX|st-
in other studies, longitudinal and transverse MR show nd:Nc€ ©f both MRp and MR in Ag, ;Te and Ag sTe films
dependence on the directions of applied field, such as ifS Shown in Fig. 1.

Pr, ¢-Sf 2MnO; films® and granular Ag-Ni alloys,in which It is generally found that the MRR-shows H dependence

one can obtain the same MR behaviors in field applied alon! oW field and linear dependence ¢ in high field for
+2 or —2z direction. Another remarkable difference is that >°M€ Semiconductors. Through analyzing the relationship

our MR is obtained at room temperature, while in other 26tween the MR and magnetic field, we also find that MR-

cases, the MRis normally observed at very low tempera- €Xhibits H dependence. In our samples, the Rloes not
ture. saturate up toH=20kOe due to intrinsic property of
The picture of the MR of such systems is rather compli-~92+s1€. Similar results are also observed in tr;e bulk
cated and diverse depending on numerical physical factoré\dz+sT€ for 0.0k 6=<0.33 and in the AgsTe films” As
As we know, although MRp can be explained by the clas- Shown in Fig. 1, both maxima of MiR-and MR+ are about
sical model considering the effects of the Lorentz féree 25 and—6% found in5=0.25 at 20 and-20 kOe, respec-
the carriers moving in a crystal, it is difficult to explain the tively. The inset of Fig. 1 shows an abnormal room-
MR results in both film and bulk silver telluride. Recently, {emperature resistivity as a function of the magnetic field
the natural multilayer modélassuming one period includes O Adz2sT€ film. The p of Ag; zsTe film at zero field is
two Ag-Te and one Ag layers, has been proposed to explaiPout 2.43 mcm which is in agreement with the data of
the observed MR> phenomenon in Ag-Te films. Another bulk and films of silver telluridk? at room temperature.
important model by Shklovskiihas received considerable 10 further understand the MR behavior in our system, we
attention. He suggests that the contraction of the electro@!SO xamined the structure of our films by x-ray analysis. In
wave function in magnetic field is mainly responsible for the Fi9- 2, we present the x-ray-diffractiaXRD) patterns of the
MR-p. On the other hand, MR-has also been observed in @s-deposited Age film and the Ag. sTe films annealed at
various kinds of doped semiconductors. According to430°C for3h. i )
Toyozawa® the conduction electrons are scattered by local- Previous studies found that the extra silver atoms in
ized magnetic moments of impurities. Thus the applied magé\dz+sT€ material can occupy the tetrahedral, octahedral,
netic field orders these magnetic moments and reduces tta&d triangular interstices: The appearance of the peaks of
scattering effects, which causes the decrease of resistivijionoclinic phase of Agre film™

FIG. 2. The x-ray-diffraction patterns of the as-depositedTAg
ilm and the Ag, sTe films with differents annealed at 430 °C for

is also found quite dif-
and leads to the MR- Yazawéo also proposed that with erent from that of bulk AgTelS'JAthat the(004) peak for the

increase magnetic field, the density of states and carrier defilm is much stronger than that expected for the powder
sity increase, resulting in the MR- sample. And a strong @) texture was also seen in Ag-Te
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FIG. 3. MR of the Ag ,Te films as a function of magnetic field
H for different annealing time at 430 °C. 20 30 40 50 60

20 (deg)

FIG. 4. The x-ray-diffraction patterns of the Agre films an-
nealing at 430 °C for 3, 4, and 5 h.

films. In our study, we found that the peaks for the Ag-Te
films can be indexed with monoclinic phase of Ag. How-
ever, there is a stron@04) peak of monoclinic phase in our
films, which indicates a stron¢004) texture. The striking

phenomenon is that the relative intensity 004) peak, or the Ag ,Te films annealed at 430 °C with different annealing

the texture, of Ag. ;Te fiIm; is_ strongly dependent on the time. As one can find that the annealing time strongly affects
doping contend. As shown in Fig. 2, the peaks 6904 and "0 and magnitude of the MR. When annealing time is
(121) are nearly invisible in the doping-free film. However, gyer 3 h, the MRa behavior disappears and only the MR-

as increasing the doping concentratigrihe peak of103 is s found in field applied along- z direction. Such annealing
pronounced a$=0.2 and 0.25, and it decreases while theeffect appears in all the samples. In addition, the MR of
(004 peak increases with increasing the _ _ those annealing films is larger than that of the as-deposited

It was found that the orientation of Ag-Te films might Ag, ,Te film.
have strong effect on the MR behavior that it exhibits differ- X-ray analyses for these films are also presented in Fig. 4.

ent temperature dependence for oriented and nonorientflis evident that annealed films exhibit a tendency (f:d3)
films.=*>* Our studies may also imply a relationship be- 304 (004) orientation with increasing annealing time. One
tween the structure and the MR behavior for the Ag-Te filmscan also note that the annealing time strongly affects the
From the analysis of the structure and MR behavior, we cafhtensity of (004) peaks and it increases with increasing the
see that the appearance of MRwight associate witi004)  annealing time, while the intensity ¢fl03 peak changes
peak, while the appearance of MiRmight associate with the slightly when the time is over 3 h.

existence of(103 peak. So there might be a relationship |, conclusion, the abnormal transverse MR behavior is
between the texture, or th@04) or (103 peaks, and the pserved in self-doped Ag,Te films. We observe both
MR-p or MR-n in our samples, however, it is not a simple pRr_p and MR in Ag doping concentratiod<0.25 with
linear dependence relation, which can be seen in Figs. 1 angle fie|g applied along in opposite directions normal to the
2. Therefore we tentatively believe that the origin of the MR 1, plane. It is also evident from our study that such MR
behavior might pe ascrlped to the Fexture of thel films. How-yahavior is strongly dependent on the doping concentraion
ever, more detailed studies, especially on the microstructureg,q the annealing time. The abnormal MR behavior is dis-

of the films, are needed for further understanding of the MR ssed and tentatively ascribed to the complex structure of

behavior. _ _ the films, which is analyzed by x-ray measurement.
We further present studies of the annealing effect on the

structure and the MR behavior of our samples. Figure 3 The authors are grateful to G. H. Wu for MR measure-
shows MR ratio,Ap/p as a function of applied fieltH for ~ ment and to T. S. Ning for x-ray-diffraction measurement.
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