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Magnetoresistance in microwave synthesized Ag ;Se (0.0<6<0.2)
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Compositional variation of magnetoresistan®R) ratio with silver excess stoichiometry in AgsSe
samples has been studied employing a synthetic approach to prepare instantly a series of bulk silver selenide
compounds using microwave energy. Bulk densi99% is achievedh situ, by means of volumetric heating/
sintering in less than 10 min, which makes this process unique compared to other chemical and nonchemical
approaches. We observe a systematic decrease in metal-insulator transition with increasing Ag. Magnetoresis-
tance ratio observed in transverse geometry is 145%, greater than the longitudinal g€@6%try his series
shows linear dependence of MR with higher fields{(8<16 T) with no saturation of MR ratio evenat 16 T
in transverse mode. However, a distinct saturation effect was noticed in almost all the compositions for
magnetic field above 13 T in longitudinal mode. Electron probe microanalysis shows an elemental-rich sele-
nium phase for5=0.05 composition which accounts for low resistivity, large magnetoresistance ratio and
unsymmetrical MR curves when field is applied in both the directions. This is attributed to the charge density
fluctuations in chemically inhomogeneous systems. At 300 K, MR ratios of 30 and 59 %=for2, in
longitudinal and transverse mode is observed, respectively.
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Silver chalcogenides Ag sSe, Ag.sTe, are distin- tween the microstructure and the resistivity dependence and
guished as the only nonmagnetic and nonstoichiometric claghirdly we demonstrate that at high fielés>13 T, satura-
of compoundsto show unique magnetoresistiddR) prop-  tion of MR is possible in the longitudinal mode.
erties. They are narrow gap, self-doped, and degenerate Bulk sintered Ag, sSe samples were prepared employing
n-type semiconductors, showing positive magnetoresistanc& commercial microwave oven with 900 W, and 2.45 GHz
ratio Ap/py up to 370% aff=4.5K andB=5.5T.>~3 This frequency. Stoichiometric amounts of spectroscopic grade
origin of MR stems from the orbital magnetoresistanceAg (99.9%9 and Se(99.9% purity intimately mixed and
which is related to the ratio of cyclotron frequency to the compacted into cylindrical rods of 10 mx8 mm dimension
scattering ratew.7~eHr/m*c. For w.7>1, low carrier and was evacuated in a quartz tube. The sealed quartz am-
density semiconductors are expected to show positive MRpules were exposed to microwave radiation at high power
quadratic at low field and saturating at high field. With van-level for up to 10 min. During the exposure bright flashes
ishing Hall effect, non-saturating response even at high magwere observed due to excitation and de-excitation of elemen-
netic fields is expected, which is the case with the@eand tal Se. As a result anin situ exothermic reaction occurs
Ag,Te films reported so fdf-® Unlike other magnetoresis- which instantly leads to product formation. Further, due to
tive materials, the origin of MR in silver chalcogenides is volumetric heating throughout the sampie, situ sintering
discussed and tentatively assigned to its complex structur@ccurs simultaneously. This process distinguishes itself as a
Key variable in the optimization of the magnetoresistance isinique approach compared to other chemical routes.
(i) the electron density and Hall mobility, which depends The samples were tested for powder x-ray diffraction us-
on the electronic and point defecid,) the microstructure, ing crushed samples. Cylindrical rods of dimension
and (i) the texture of the thin films. In otherwise relatively 2 mmx8 mm were polished and employed for four probe
well-studied Ag. sTe films, unusual positive MR and nega- resistivity measurements. Magnetoresistive measurements
tive MR are observed simultaneously when magnetic field isvere made employing a 16 T magnet. Polished samples were
applied along two opposite directions, perpendicular to thaised for studying the surface morphology. Electron probe
film surface. Such unusual MR behavior is correlated to themicroanalysis(employing JXA 8600 MX mode¢lwas per-
textured growth, doping concentration and to the annealindormed for Ag and Se mapping and also to study the relative
time* Also textured films seemingly exhibit pronounced MR composition of Ag and Se in each samples.
ratio compared to the bulk sampfeslitherto no correlations Figure 1 shows the powder x-ray patterns for the Ag ex-
have been made between the microstructure and composiess compositions. All the samples crystallize in orthorhom-
tional changes to the high field, nonsaturating MR behaviorbic symmetry. There is an overall lattice contraction with
In this paper, first we describe a one-step rapid synthetiincrease in excess silver doping. The peak broadening indi-
route to prepare and sintén situ), Ag, ., ;Se samples using cates the fine particulate nature of the powdered crystallites
microwave radiatioff:” This process enables us to achieveobtained from the cylindrical rods. No significant correlation
well sintered, oriented samples with densiy99% of the could be drawn from the intensity of the reflections corre-
theoretical value. Secondly, we show possible correlation besponding to(013) and (004) reflections as discussed for the
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FIG. 2. The plot of normalized resistance versus temperature for
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52 48 L4 40 36 32 Ad,. sSe bulk samples. Note the monotonic shiftTig;, with in-

creasing Ag content. The inset shows g, dependence on the
FIG. 1. The plot of the powder x-ray-diffraction pattern of the sjlver excess composition.

microwave synthesized AgsSe polycrystalline samples 06
=<0.2). All samples crystallize in orthorhombic symmetry. With
excess silver, an overall decrease in cell volume is noted. A silveflecrease in the ratio fof=0.05 indicating that there is a
excess A¢L11) peak is observedasterisi for 0<6<0.2. Se-rich surface unlike other compositions. Such Se-rich sur-
face seemingly modifies the resistivity behavitw higher
observation ofn-MR and p-MR in textured Ag.sTe  conductivity as seen in Fig.)2This implies that at low car-
samples. With increase in Ag doping a small peak corre- rier density concentrations, density fluctuations can greatly
sponding to silve(111) was observed in all the samples. influence the conduction electrons. This nonmonotonic be-
In Fig. 2, we show the plot of normalized resistance ver-havior of normalized resistance fé=0.05 composition is
sus temperature. A typical small band gap behavior wagurther reflected in the MR data witBL| for T<<T;.
noted with resistance gradually increasing with decreasing Shown in Fig. 4b) is the plot of MR ratio versus Ag
temperature. At a critical temperatufg,; the resistance excess composition. Fa#=0.05 an overall decrease in re-
value reaches a maximum and then on, it decreases due s$istance leads to increased magnetoresistance. At 4.2 and
progressive decrease in phonon scattering process. The teiit5 K an MR ratio of 145 and 98 % is observed for
perature dependence of resistance is consistent with the im<T;;, which is higher than all other compositions. Such a
purity band electron on the delocalized side of the Mott-pronounced behavior also leads to unsymmetrical MR curve
insulator transition. A significant temperature independenfor §=0.05[Fig. 5a)] when the field is applied along both
resistivity behavior was note@hset to Fig. 2 for all samples B | direction, unlike other compositions. Although earlier
below 20 K. TheT,,; at which the maximum of resistivity is studie$® show that unsymmetrical nature of the MR curve is
observed, varies from 105-130 K for 8:@<0.2. These correlated to texture and preferred orientation of the film, we
values are higher than those reported byetal? but lower  observe that its due to compositional variation in the sample.
enough than the values reported by Ogarefeal® While a  Se-rich sample, hence modifies both the resistivity behavior
monotonic change i is noted up to5~0.2, there is a and the MR characteristics.
significant increase in resistivity for the Ag excess composi- Except for this apparent difference féi=0.05 sample,
tions. there are nevertheless some common features. All the
Figures 3a)—3(c) shows the SEM micrograph af=0.0, samples measured at 4.2 K show a quadratic field depen-
0.05, and 0.2 compositions. It is noteworthy that the SEMdence of the magnetoresistr:mﬁep/po:K,uﬁB2 at lower
microscopic studies reveal that all the compositions showields andAp/py=a(B—B;) at higher fields. For samples
excellent oriented grains with a distinct sintered density ofmeasured at room-temperature, the quadratic dependence ex-
>99%. Except for6=0.05, all the samples showed grains tends up to around 3 T, witBL| andBIll. MR in longitu-
oriented along one direction. Howevér 0.05 shows a dis- dinal mode shows a reverse but systematic trend in MR ratio
oriented feature. On carefully analyzing the intensity ratiosas a function of Ag doping. The values are higher for low
Of I ag2.98 evi/ I sq11.22 ey (S€€ Fig. 4a)) we observe a distinct carrier density concentration 70% fa@=0.0, 62% for &
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FIG. 3. (8)—(c) The electron probe microanalysis picture of the surfaces gSAgAg osSe, and AgisSe samples prepared by the
microwave method whereiim situ sintering occurs simultaneously. Note the unusual misorientation of grains fé=tBe05 composition
for which the EPMA analysis 0f pq2.98evi /| sq11.22ey Tatio suggests a Ag-lean surfadel) and (e) The EPMA mapping of silver and
seleniumé=0.0 composition showing uniform distribution of both the elements.

=0.1, and 57% fow=0.2. However noteworthy of all is the expected inB.L| andBlll, respectively’

significant field saturation which is observed for 0.2 compo- In summary, we observe that compositional inhomogene-
sition at 13 T. This is in accordance with the behavior ex-ity leads to anamolous resistivity behavior, unsymmetrical
pected in metals, where, saturation at high and low fields ar®R curves and higher MR values in transverse geometry.
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FIG. 5. (a) The MR ratio versus field, applied perpendicular to

8 o the current (where O0=Ag,Se, A=Ag,S5e, ¢ =Ag,Se, @
composmon =Ag, 155¢, V = Ag, ,Se at 4.2 K. The unsymmetrical nature of the
; ; ; i d in AggpsSe composition. At 298 KO
FIG. 4. (8) The peak intensity ratio Ofagogey/! sq1rooey- It~ CUVE 1S note 05 (
clearly indicates that there is a depletion of silver concentration ~92155€ (52%) andA =Ag, os5e (40%) is noted(b) The MR
from the calculated stoichiometric amoutt) The MR ratio versus ~ Versus applied field parallel to the current direction at 4.2KK (
composition at 4.2 and 115 K. Note the inverse dependence of the A925€, ¢ =Agz;Se, andV =Ag, ;5S¢ and at 298 K(where[]

peak intensity ratio with MR ratio fo=0.05 composition. ~AgzSe, O =Ag,;Se, V=Ag,,S8. Note the field saturation of
MR at 16T forV =Ag,,Se at 4.2 K.
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