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Electrical noise in n- and p-type Ag 2Te
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The relatively large and linear magnetoresistance found in nonstoichiometric silver chalcogenides
makes them attractive candidates for field sensing applications. We report on the intrinsic electrical
noise in bulk, polycrystalline Ag21dTe. Low-frequency noise is due to resistance fluctuations
having a 1/f -like power spectrum. The temperature dependence of the noise magnitude and its
spectral slope indicate thermally activated kinetics that we attribute to some form of charge
trapping–detrapping process occurring in or near the intergranular regions. The effective magnetic
field noise in Ag21dTe is compared to other materials systems used in field sensing applications.
© 2003 American Institute of Physics.@DOI: 10.1063/1.1593820#
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Silver telluride is a member of the silver chalcogeni
family of nonmagnetic, narrow-band-gap semiconducto
Although the stoichiometric material (b-Ag2Te) exhibits no
appreciable magnetoresistance~MR!,1,2 large magnetoresis
tive effects have been reported for small deviations fr
stoichiometry.3 These effects include resistance increases
up to 200% at room temperature and in a magnetic field
;50 kOe. The magnetic response found in Ag-rich mate
is surprisingly linear, down to a few Oersteds, making it
attractive candidate for low-field applications. Te-rich ma
rial seems most suitable for high-field applications, mainta
ing a high-field MR that is sizeable even at room temperat
and does not saturate at magnetic fields much larger than
cyclotron scale.4 Recent pressure-dependence studies h
highlighted the importance of carrier density to the M
maximal MR and minimal onset field for linearity were o
served at perfect compensation.5 For technological prospects
the detection sensitivity to resistance changes will be limi
by the intrinsic noise of the material. Characterizing th
noise and identifying its origin is thus particularly relevant
making materials with optimal properties for magnetic fie
sensing applications.

Bulk, polycrystalline samples of silver rich~n-type! and
silver deficient~p-type! b-Ag21dTe material were made by
melt-doping process, as described in Ref. 4. The stoic
metric indexd, of these samples ranged from20.0005 to
0.0009. We cut specimens with typical dimensions of 1 m
wide and 2 mm long, and then mechanically polished th
to a thickness of approximately 0.2 mm. Wire leads w
ultrasonically soldered to each corner of the specimen
low-melting-point indium alloy solder was used to preve
heating the specimen above 400 K and into its high temp
ture ~a! phase.2 Four-probe resistance and noise measu
ments were performed in applied magnetic fields up to
kOe, oriented perpendicular to the direction of the curre
Due to the finite extent of the In pads, there can be up to 5
error in the absolute value of the resistance.

The normalized MR,Dr/r, for a n-type sample having
d50.0009 is shown in the inset of Fig. 1
Dr/r(H55 kOe) is ;2% at room temperature, but it in
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5030003-6951/2003/83(3)/503/3/$20.00
Downloaded 08 Jun 2006 to 128.175.13.10. Redistribution subject to AIP
.

f
f
l

-
-
e
he
ve
;

d

o-

e
A
t
a-
-

5
t.
%

creases appreciably upon cooling, reaching;17% at 15 K.
The linear dependence ofDr/r on H is most pronounced a
low temperatures and for fields above approximately 1 kO
Since our samples are close to stoichiometry, the obse
MR is smaller and the onset of linearity is at higher fiel
compared to previous reports3 on samples withd;0.01.

The temperature dependence of the resistivityr(T) re-
flects the behavior of a narrow-gap semiconductor.r(T) is
plotted in Fig. 1 for a series of nominal dopingsd
520.0005, 0, 0.0005, and 0.0009. The corresponding
rier density was determined from the Hall coefficientRH ,
measured in the extrinsic regime at 5 K;RH is 25, 200, 100,
and 5 cm3/C, respectively. In the extrinsic regime (T,60 K
for these samples!, the resistivity is nearly independent o
temperature because effective carrier density is constant3 At
higherT, the transport becomes activated and the resisti
decreases with increasingT as expected in the intrinsic re
gime. In addition, as the material is made more silver r
(d.0) its resistivity decreases.

Noise measurements were performed under constant
rent conditions by using a battery and a ballast resistor.
power spectral densitySV of the voltage fluctuations acros

FIG. 1. The temperature dependence of the resistivity,%(H50), in
Ag21dTe is shown for various stoichiometries; from top to bottom,d
520.0005, 0, 0.0005, and 0.0009. The inset shows typical MR curves.
field was applied perpendicular to the direction of the current.
© 2003 American Institute of Physics
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the sample scales approximately asI 2/ f b, whereI is the dc
current andf is frequency. The spectral exponentb ranges
between 0.6 and 1.4 and is temperature dependent. Mea
ments of a sample’s intrinsic noise were generally restric
to frequencies less than a few kilohertz due to a combina
of factors, including large-sample volumes, self-heating d
to contact resistance, and amplifier noise. We expect
noise spectrum to crossover from 1/f -like to frequency-
independent behavior at higher frequencies due to ei
Johnson noise or carrier recombination noise.6

We parameterize the noise magnitude of specimens
exhibit a 1/f -like power spectrum by defining a phenomen
logical parametera[( f nSV)/I 2R2, where R is resistance
and n is the carrier density.7,8 n was determined from the
low-temperature Hall coefficient data. The temperature
pendence of the noise,a(T), is plotted in Fig. 2.a(T) is
nonmonotonic, exhibiting a maximum in the intrinsic regim
at a temperature~;135 K! that depends somewhat on th
value ofd. The noise magnitude decreases rapidly on eit
side of the maximum; for some samples,a drops by a factor
of 1000 over our temperature range. At high temperatu
the resistance of the samples is sufficiently low such that
were unable to resolve the 1/f noise near room temperatur
Although the nonmonotonic behavior ofa(T) emerges as a
general feature of all the samples, variations in the mag
tude ofa from sample to sample for fixedd can be large~a
factor of 3 is typical!. Taking this variance into account, th
nonstoichiometric sample
(dÞ0) have nominally the same values ofa and are on
average somewhat noisier than the stoichiometric compo

1/f noise in semiconductors is generally attributed
some form of charge trapping–detrapping.8 In Ag2Te, the
1/f noise magnitude (SV) does not scale as (d%/dT)2, ruling
out an alternative mechanism based on a simple tempera
fluctuation model.9 The nonmonotonic form ofa(T) and the
1/f -like spectrum are consistent with a Dutta, Dimon, a
Horn ~DDH! picture for 1/f noise.10,11 For thermally acti-
vated fluctuations in trap occupation, the spectrum aro
some frequencyf at any temperatureT comes mainly from
sites having thermal activation energiesE'kBT ln(f0 /f ),
where f 0;1012 Hz is an attempt frequency on the order

FIG. 2. Shown is the temperature dependence of the 1/f noise parametera
at 50 Hz. All samples showed nonmonotonic behavior with a distinct p
near 135 K.
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the phonon frequency. If the spectral shape results from
broad, but not arbitrarily broad, distribution ofE, then the
spectral exponent is not quite 1 and, under some real
conditions,10,11 should be related to the temperature dep
dence of the spectral density itself in the following way:

b52
] ln S~ f ,T!

] ln f
511

1

ln~ f 0 / f ! F] ln S~ f ,T!

] ln T
21G . ~1!

Here,S( f ,T)5S%( f ,T)/%2(T) in order to factor out the tem
perature dependence of the resistivity. The predicted D
spectral slope and the measured slope are in qualita
agreement, as is demonstrated for a Ag-rich sample in Fig
These results indicate that the kinetics of the 1/f noise
mechanism are thermally activated. The inset of Fig. 3 sho
the corresponding distribution of activation energies,D(E)
}vSV /V2kBT, which is peaked at;260 meV and has a
width of 50 to 100 meV. This activation energy is larger th
the semiconducting gap in Ag2Te, which is only 120 meV.

The linear MR in nonstoichiometric silver chalcogenid
is believed to require an inhomogeneous medium with hig
conducting regions, due, for example, to excess silver fo
ing metallic clusters embedded in less conduct
material.5,12,13Disorder, in the form of spatial fluctuations i
conductivity, can lead to broad distributions of energy sca
and time scales. If conductivity fluctuations are sufficien
large, distorted current paths may give rise to non-Gaus
noise power fluctuations;8 however, such behavior was no
observed in these samples. We speculate that the disord
uniform on a macroscopic scale and that the broadband n
spectra in Ag21dTe are due to charge traps located near
interfaces between highly and poorly conducting regions
the material.

Using the low-temperature magnetoresistance and n
data for a sample havingd50.0005, we estimate that 1/f
resistance fluctuations lead to an effective magnetic fi
noise of 50 mOe/AHz at 50 Hz. This is a factor of 104 higher
than the noise of field sensors14 based on giant magnetore
sistive materials or spin-polarized tunnel junctions.15 Hence,
the near stoichiometric (d'0) silver chalcogenides may no

kFIG. 3. The temperature dependence of the measured spectral slope,b, is
plotted along with the DDH prediction~solid line!, see Eq.~1!. The inset
shows the distribution of activation energies responsible for the tempera
dependences of the noise magnitude and its spectral slope.
 license or copyright, see http://apl.aip.org/apl/copyright.jsp
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compare favorably for low-field, low-frequency application
However, magnetic field sensors based on Ag2Te and Ag2Se
do have a niche in pulsed magnet applications that invo
high fields and higher frequencies.16 Other devices would
likely make use of thin films of silver chalcogenide17 that
may have considerably different noise properties.
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