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Abstract—In this paper, the potentialities of the manganese Even if it does not exhibit the highegt or 5y values,
oxide compound Lao.7S10.s MnOsz (LSMO) for the realization  Lq, 7Srq 3MnOs (LSMO) has been selected among all the
of sensitive room temperature thermometers and magnetic possible manganite composition because it has shown the

sensors are discussed. For these two applications, the sens | t ted low-f ise | | far [31-I9
performances are described in terms of signal to noise ratio |0West reported low-frequency noise level so far [3]-[9].

especially in the 1 Hz-100 kHz frequency range. It is shown In this paper, sample preparation is shown in the next
that due to the very low 1/f noise level, LSMO based sensors Section. In Section Ill, the measurement set-up and the mea-
can exhibit competitive performances at room temperature. surement protocol and low frequency noise measurements
Keywords- low frequency noise, magnetoresistance sensors, are presented. A discussion about the sensor performances
thermometers as a function of the geometry, of the bias condition and of
the frequency is given in Section IV. The performances in
|. INTRODUCTION terms of thermometers as well as magnetoresistive sensors

Because of the colossal magnetoresistance effect arate then presented and compared with published values.
the strong spin polarization at the Fermi level, the rare-
earth manganese oxides may find important applications in
magnetoresistive devices such as magnetic random accessThe sensors consist =100 nm thick LSMO thin films
memories and magnetic sensors [1]. The large change afeposited by pulsed laser deposition from a stoichiometric
their electrical resistanc® at the metal-to-insulator transi- target ontoSrT'iO3 [001] single crystal substrate. The laser
tion, which takes place around 300 K makes them potentiatadiation energy density, the target-to-substrate digtan
materials for the fabrication of room temperature thermomethe oxygen pressure and the substrate temperature were
ters. ldeal materials would indeed present at the desired20 mJ, 50 mm, 0.35 mTorr and 720C respectively.
operating temperatur@ close to 300 K: i) the highest- These parameter values were found optimal for producing
temperature coefficient of the resistangg), expressed in  single-crystalline films with smooth surface as judged by
K~! and defined as the relative derivative of the resistance&-ray diffraction and atomic force microscopy. The x-ray
versus temperatur% . %, or By, expressed in T!, the diffraction study indicated a full [001] orientation of the
highest relative change of the resistance with the magneticSMO films. The magnetic moment as a function of the
field ugH and defined as}$ . % (with po the vaccum  temperature was measured using a superconducting guantum
permeability) and ii) the lowest noise level. The limits of interference device. We thus measured a Curie temperature
the device performances will then be given by the signal taof about 340 K, typical for good quality films of this
noise ratio. composition.

Temperature coefficient of the resistance values and oper- After LSMO deposition, a 200 nm thick gold layer
ating temperatures are important parameters to be corsiderwas sputtered on the films in order to make low resistive
in the fabrication of high sensitivity room-temperaturerth  connections. The LSMO thin films were patterned by UV
mometers or magnetoresistances. However, more attentigghotolithography and argon ion etching to form lines. As
should be drawn to the low-frequency noise level in theseshown in Figure 1, the mask enables the study of lines
materials since it can vary by several orders of magnitudef four different widths1#=20, 50, 100 and 15@m. For
while gy or B values may only vary by a factor less than each width, five lengthd. could be measured depending
10. Noise is more difficult to optimize since its origin islisti on the position of the voltage contacts 50, 100, 150, 200,

not well known [2]. and 300um. tens of samples with different geometries have

Il. SAMPLE PREPARATION
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been investigated. Typical results for a 100 nm thick sampldilm noise. Details can be found in [11] and it can be shown

are reported here. that in the two probe configuration, the film and current
contact noise contributions are measured. In the four probe

[ Substrate configuration, due to the high output impedance of the DC

[ Lsmo current source, the current contact noise contributionbEan

[ Gold completely eliminated. Since no DC current flows .|nto the
voltage contact, one would assumed that no 1/f noise exists
for the voltage contact sources.

B. Obtained results

Figure 2 shows the noise spectral density measured in the
two probe Gy2,) and the four probe configurationSits,)
for the same DC current I. Two noise contributions were
found: a white noise one and a 1/f noise one. The white
Figure 1. Optical photography of a 1@@n width line with the two current nplse level is clearly du.e the thermal noise contribution
probes P and IM and 4 voltage probes (V1..V4, V1'..V4) each side  diven by4d-kp-T'- R (kp is the Boltzmann constant equal
of the line. The line lengths between V1 -V2, V2 - V3 and V3 -Viea t0 1.38- 10723 JK~1) and should not depend on the bias.
100 um, 50 um and 150um respectively. The white noise level is consistent with the expected value
deduced from the DC measurement of the sample resistance
thus validating the thermal origin of the white noise.

IIl. L OW FREQUENCY NOISE MEASUREMENTS

A. Measurement set-up and protocol I:1SMO, W=50 um, L=300 pm, t=100 nm, T=300 K, I=133 pA
The experimental set-up mainly consists in one low noise = 10 ' ' [—S;,

high output impedance DC current source and a dedicate I 4oL — Sy,

low noise instrumentation amplifier with the following char Na

acteristics: a DC output dedicated to resistance measuateme > 10"

with a voltage gain equal to 10 and an AC output dedicatec @ e

to noise measurements with a voltage gain around on 8 19

thousand and a 1 Hz-1 MHz bandwidth [10]. The input T 10

voltage white noise is aroun2D - 10~'8 V2.Hz~! and its 5

input current noise is negligible. The device is connectec & ;g%

at the output of the DC current source using IP and IM -

pads (defined in Figure 1). The DC voltage as well as 10”5 M i it
10 10 10 10 10 10

the voltage noise are measured using the instrumentatic
amplifier connected either on IP, IM pads for two probe
configuration or on Vi, Vj (ij=1..4 with #j) for four Figure 2. Noise spectral densities in the two proBg 4,) and the four
probe configuration. A spectrum analyzer Agilent 89410Aprobe Sy 4, )configurations for the same DC bias current. With the mask
calculates the noise spectral density for frequencies én thshown in the Figure 1, the current contact noise is non nietgigand may
have a great |mpact on sensor performances.

1 Hz-1 MHz range.

According to [10], the DC current source is quasi-ideal:
its output impedance is infinite and its noise contributien i For this sample, the current contact contribution is much
negligible. It is also assumed that the input impedance®f thhigher than the film noise. This results has already been
instrumentation amplifier is very high so that no DC currentreported by other studies [12]. It can lead to an overes-
flows in its inputs. It will be also considered that the noisetimation of the film noise if the current source used for
contribution of the amplifier is known and can be subtractedhe measurement does not exhibit a large output impedance
from the measured noise when a device is connected &t least 30 times higher if the current contact noise is one
its input. The noise of the measurement set-up is deducetthousand time higher than the film noise).
from the measurement performed at zero bias. This set-up The contact contribution originates from the contact be-
contribution is then removed for all the measurement pointsween gold and LSMO and thus presents a great impact
when the current is non zero. for sensor applications. The sensor can not be used with

Different noise contributions that both generate whitetwo contact configuration. A four probe configuration must
noise and 1/f noise have to be considered in the sensobe used to ensure best signal to noise ratio. Moreover, the
the voltage contact noise, the current contact noise and thmetallic pads used for the voltage contacts have also to be

Frequency (Hz)
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placed in a correct manner in order to avoid any possible IV. SENSOR PERFORMANCES
ri:g:;ﬂtf?;i?fug;]dtshlghrgﬁrgll:foiogéacﬁéﬁ: da g(r)\?;etﬂgelri]rfe In this Section, the performances in terms of signal to
(like in Transr?\issii)on Line MeasuremenF; (TLM) patterns fornoise ratio will be presented and discussed in the case of
. ) S b : thermometers and magnetoresistance sensors.

instance) but on the side of the line in order to achieve a

low frequency noise level sensor. A. Background

Figure 3 shows the voltage noise spectral density mea- T the devi ¢ .
sured for a typical devicd{'=50 um andZ.=300.m) in four 0 use the devices as sensors, a current source is con-
nected and the voltage across the sensor is measured. A

probe configuration for different values of the bias currdent . . : .
t§>ur probe configuration will be used to avoid the current

in the device. The inset shows the noise level at 1 Hz versu . oo .
the DC voltage V across the sample. As expected, the whit&ontact noise contribution. Either the temperatiirer the
’ agnetic fielduoH are the mesurand. For these theoretical

noise level does not depend on the bias current and 1/f noi§§ I : .
level depends on the square of the DC voltage V. erivations, the mesurand will be notdd and the relative

sensitivity 55, defined in the following equation, will be

used:
+  LSMO, W=50 ym, L=300 um, t=100 nm, T=300 K
10 — — 3 .

. Swn’ =0 pA 10 " at1Hz 1 dR

N S 1S v =g \@r )
NE - Vot 1204 WA T 107°F . 3 MO

< . '=34°HA3310‘“; Slope2 1 MO0 is the DC value of the mesurand for which the
%‘ uPEA70 @ . relative sensitivity is estimated. The equivalent inputsse

S 10 10" 10°  10] noise Sy/(f) is given by the ratio of the voltage noise
o yoiegs v o) spectral density of the sensdt, (f) (given by Sy, (f)

© in the case of our LSMO samples in the previous sample)
D10 | il : i gl over the square of the voltage sensitivity /t0 given by
& 1f (dV/dM = V - Ba). Using equation (1), it follows that

Su(f) finally writes:
10'” 1 | 1 L
10° 10' 10° 10° 10° 10°
Frequency (Hz) Sy (f)
Sm(f) I TaFiYav)

. . . . _ (dV/dM)
Figure 3. Noise spectral density measured in the four probéguration K
at different bias currents. White noise does not depend erbiis point _ L 1/f 4-kp-T-p-L ©)
on the contrary of 1/f noise. The inset shows that the 1/fen@is 1 Hz g?w f-W-L-t V2.t W

depends on the square of the DC voltage V.
In order to obtain the smallest noise sensor, this equation
shows that in addition to large sensitivity values, low ealu
~ From measurements performed on different geometriest the 1/f noise parametek;,; and low value of the
it follows that the 1/f noise level at 1 Hz is in the inverse gjectrical resistivity are first required. Two geometriead

spectral density of the sample in the four probe configunatio

Syu(f) can be written as follow: « in the low frequency part where 1/f noise dominates,

the equivalent input sensor noise does not depend on
the bias and the sample should have the largest volume

Ky 4-kg-T-p-L W-L-t.

Svap(f) = WL tVQ + i 1) « in the white noise range of frequencies, the equivalent

input sensor noise decreases with the square of the bias
In equation 1,0 is the film electrical resistivity (typical voltage. The geometry should have the smallest ratio
value of 2 nf2-cm for LSMO at 300 K) andK,,; is value L/ and the sensor should also be as thick as

a material characteristic independent of the geometry that  possible.
quantify the value of the 1/f noise level. In this sample, All these considerations obviously do not take into ac-
K1/ is found around - 1073 m?®. count other constraints such as frequency bandwidth or
Equation (1) clearly shows length and bias dependencgost, which usually leads to opposite conclusions in term
of the noise are completely different in the low frequencyof device volume or size. These results are illustrated in
and white noise ranges. These discussions are extendedtime next Sections for thermometers and magnetoresistance
the next Section in the framework of sensor performanceensors for a optimal devices regards 1/f noise300 pm,
analysis. W=150 pm).
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B. Thermometers

LSMO electrical resistivityp and relative temperature
sensitivity 57 (also called TCR for thermometers) versus 2505.5 g 12
temperaturel’ are shown in Figure (4). In this kind of )
material, a transition from metallic to insulator behavior
occurs for temperature close to room temperature as alreat = ., | SN, o
reported [13]. In this sample, the maximum valuedf is *V'ﬁiﬁ:‘*‘i*'*f N, =
found for temperature close to 330 K. A typical value is 250404 © via bt _.-':-ﬂ’_.}f-é‘r}!«b:f:}":rs 10 oF

reported in Table I. # ¥ 4
P 250354 < . e

W=50 um L= 300 pym ; p H parallel to the current path
2506.0

2505.0 4 P
_"-‘,-’“. -._ 11
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Figure 5. LSMO electrical resistand® (square symbols, left axis) and
relative magnetic field sensitivity3y (circle symbols, right axis) as a
function of the magnetic fielquo - H at room temperature for a line
with W=50 pm and L=300 pm. Magnetic field is parallel to the current
direction. Sensitivity maxima observed at low magnetiafiete related to

the magnetization reversal in the film.

1.0x10"4
8.0x10°

6.0x10° -

Electrical resistivity (¢2.m)

4.0x10°

300 320 340
Temperature (K)

| Parameter

Value

K¢ (m?) at 300 K

1.10~30

p (C-- m) at 300 K, at 330 K

3.510°°,6.310°°
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2.71072

Bamax at 300K(T71) ~1

Figure 4. LSMO electrical resistivityp(square symbols, left axis) and
relative temperature sensitivityp (circle symbols, right axis) versus
temperatureT’ in the 300-380 K range for a line wit/=50 um and
L=300 pm. The maximum sensitivity is found around 330 K where
Br=2.7-10"2 K—1,

Table |
TYPICAL ELECTRICAL CHARACTERISTICS AND NOISE PROPERTIES OF
THE SAMPLE USED FOR THE ESTIMATIONS OF THE SIGNAL TO NOISE
RATIO. FOR THESE VALUES THE DEVICE LENGTH AND WIDTH ARE
RESPECTIVELY300um AND 50 um.

C. Magnetoresistance sensors

LSMO electrical resistance and relative magnetic field ) )
sensitivity 3 as a function of the magnetic fiejd, - H are calculated with the data in Table | for three values of the
shown in the Figure 5. Due to the ferromagnetic behavioPC curent/=100uA, 1=1 mA and/=5 mA. .
of LSMO at room temperature, a magnetoresistance effect 1able Il summarizes the results for a 130m wide
is observed. Two kinds of effect can be distinguished: iyand 300 um long thermometer or magnetoresistance at
a Colossal MagnetoResistance effect (CMR) for magneti©Ptimal operating point (330 K for the thermometer, 300
field values greater than 2 mT [14], [15] and i) a low K and Q.l mT for the magne_tore5|stance). In this Table,
magnetoresistance effect for magnetic field values close th1€ €quivalent input sensor noise has been calculated at two
0.5 mT. The first one leads to a small sensitivity with nofreguencies (30 Hz and 10 kHz) to distinguish between the
interesting sensor applications. The second one is retated |0W frequency domain where 1/f noise dominates and the
the magnetization reversal [16]-[18]. It leads to two peiaks White noise domain.
the R versusyuoH characteristic and a relatively high value ~ The equivalent input sensor spectral densifiegf) (also
of the relative magnetic field sensitivity (absolute typica called NET Noise Equivalent Temperature) aid(f)

values around 1 T! for an operation point around&7)  calculated using equation 3 and data from Table | are
at room temperature (cf. Table I). shown in Figure 6. As expected, the spectral density at

low frequency does not depend on the bias when 1/f noise
dominates. On the contrary, at high frequency, the noise
In this discussion, it will be assumed that the thermometetevel is directly related to the applied bias current. From
or the magnetoresistance is connected in four probe confighis Figure, it appears that ultimate performances can be
uration and that the device geometry leads to the smallestchieved at highest current. This remarks has obviously to
value of 1/f noise. The noise performances in terms otbe moderated by the fact that self heating effects occur for
equivalent input sensor noise values of DC current will betoo high current values so that the noise performances will

D. Discussions
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| Bias currentl (mA) [0I ] 1 5 ]
dv.
T[Ty @300 K (mV/T) (*) | 455 | 455 | 2275
\/Su(f) at 300 K (nFHz0-5)
=30 Hz 78 | 86 | 4.4
f=10 kHz 75 75 1
A%
7 at 330 K (mV/K) (**) 34 | 34 | 170
\/S7(f) at 330 K (nkHz=0-5)
=30 Hz 1400 | 170 | 100
=10 kHz 1400 | 140 | 30
Table Il

SENSOR PERFORMANCES FOR A50pm WIDE 300 um LONG LINE AT
DIFFERENT BIAS CURRENTI. (* R=7002 AT 300 K, ** R=1260%2 AT
330K.)

be discussed in the following for a bias current limited to
100 pA. At low bias current, the 1/f noise contribution is
negligible. In this LSMO sample, due to the low value of
the 1/f noise level, the noise spectral density mainly csigsi

in white noise even at a bias current of about 33Q

spinkHz 2 at3zo s, in TH2 2 at 300K ‘
. 10° —v—1=100 pA —o—1=100pA [T
N —+—1=1mA —o—I=1mA
‘T —1=5mA I=5mA
N
I
X
S
o
o
—
L
N
t 1074 e —s s, rr—— o000
et :
w
10° ; : 5 ;
1 10 100 1k 10k 100k

Frequency (Hz)

Figure 6. Square root of the estimated equivalent inputasesgectral
densitiesSt(f) (filled symbols) orSg (f)( open symbols) using equation
(3) and the Table | data for three values of the DC curdefdr a 150 um
width and 300um length sensor.

higher than commercial honeywell HMC1001 sensors. Same
results are also proposed by [19], [20]. These results are
promising since the mask used was not optimized for sensor
applications so that the sensitivity could be increased by
changing the substrate type or the line geometry. Moreover,
it has been demonstrated that LSMO can be deposited
onto silicon substrate [21] without modifications of the
magnetic properties: compatibility with the standard semi
conductor used in the microelectronic industry has thus bee
demonstrated. This is another way to extend to "More than
Moore” idea proposed by the International Roadmap for
Semiconductor by the integration of manganese oxide.

V. CONCLUSIONS

In this paper, the potentialities of LSMO thin films as
magnetic and temperature sensors at room temperature have
been reported. It has been shown that a four probe con-
figuration is required to remove the current contact noise
that is often several order of magnitude higher than the
material noise. In such conditions, It has been shown that
the performances of the room thermometers are competitive
and that magnetoresistance exhibits noise performanaes on
decade better than classical hall effect sensors.
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