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We present a sensitive heat capacity measurement method for use at temperatures between 300 and 700 K
using a home-made calorimeter incorporating a Si–N membrane microcalorimeter and a commercial tube
furnace. We employ a scanning relaxation method with the two relaxation times, in which temperature is
7.10.Cm
7.20.Fw
5.40.+g

eywords:

scanned with a maximum speed up to ∼30 K/min to measure the heat capacity of sub-mg single crystals.
The heat capacity of the addenda composed of the Si–N membrane and thermal grease is measured to
be as small as ∼30 �J/K. For the high temperature thermal grease, several materials such as In, Wood’s
metal, and silicone oil have been tested. We demonstrate the successful performance of this method with
different scanning speeds by measuring the specific heat of Cu up to 620 K. A brief summary of advan-
tages/disadvantages of this method vis-à-vis commercially available differential scanning calorimeters
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(DSCs) is given.

. Introduction

Accurate measurements of the specific heat (Cp) have been
ssential in understanding physical properties of numerous
aterials. The Cp, for example, provides a direct evidence of a ther-
odynamic phase transition as well as entropy change involved in

he phase transition. In particular, measurements of Cp above room
emperature become increasingly important as numerous mate-
ials of interest have phase transitions in the high temperature
egion. To list a few examples, BaTiO3 shows a ferroelectric to para-
lectric phase transition around 408 K [1] while Y3Fe5O12 exhibits
ferrimagnetic to paramagnetic transition around 553 K [2]. Iden-

ifying those phase transitions and extracting related entropy
hanges through Cp measurements have been common practice to
nderstand the nature of the phase transition.

Even with such continual demands in various scientific sub-

elds, high temperature Cp measurements usually become more
hallenging than at low temperatures due to several experimen-
al restrictions encountered. For example, in the high temperature
egion, the contribution of the addenda heat capacity to the total

∗ Corresponding author. Tel.: +82 2 880 9068; fax: +82 2 888 0769.
E-mail address: khkim@phya.snu.ac.kr (K.H. Kim).
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an become quite large so that extracting the heat capacity of
he sample using a conventional calorimeter is difficult. In addi-
ion, controlling the base temperature (T) within ±0.5 K of the
arget T in the high temperature region is challenging so that the
pplication of a conventional relaxation method, which requires a
table T over a long period of time, becomes difficult. To overcome
hose technical hurdles, differential scanning calorimetry (DSC) has
een frequently used. In the DSC scheme, a signal from a refer-
nce calorimeter is subtracted from that of the sample calorimeter
o give a sensitive measure of the temperature variation due to
he sample heat capacity. Furthermore, rather than relying on the
sothermal condition, the DSC employs a scanning temperature

ode with variable scanning speeds and as well can be utilized up
o a pressure of at least 150 bar. One drawback of the conventional
SC technique, however, is in its sensitivity limit that is not still
nough to measure a tiny heat capacity involved in micro- or nano-
eter scale materials. Progress toward improving these drawbacks

as been recently made, for example, through the high-speed scan-
ing microcalorimeter [3,4] and differential ac-chip calorimeter
echniques [5]. These works have demonstrated high measurement

peeds up to ∼200,000 K/s [4] as well as very high sensitivity down
o ∼1 pJ/K [5].

On the other hand, applications of such high-speed techniques
ay be yet challenging when one wants to measure accurately Cp

f a ∼100 �g single crystal and to exchange samples repeatedly

http://www.sciencedirect.com/science/journal/00406031
http://www.elsevier.com/locate/tca
mailto:khkim@phya.snu.ac.kr
dx.doi.org/10.1016/j.tca.2008.10.018
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Fig. 1. (a) A picture of the high temperature heat capacity measurement setup. Water-cooled vacuum seal adapters are placed at both ends of the quartz tube. The left vacuum
port of the adapter is attached to a stainless steel tee that has two vacuum ports to connect a turbo-molecular pump and an electrical feedthrough. (b) An enlarged view of
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he ceramic holder with the microcalorimeter attached. The microcalorimeter is pla
he radiation cap, and the water-cooled adapter, which are all made of stainless ste
o hold the microcalorimeter and to electrically insulate the Pt wires and the therm

y reusing the same calorimeter without further sensor calibra-
ion efforts. For this specific purpose, utilizing the conventional
elaxation method can be also advantageous as it allows one to
easure Cp of many samples repeatedly with a single calibration.
oreover, it can provide absolute Cp values in a broad temperature
indow once the addenda composed of the membrane platform

nd thermal grease is premeasured. Even with these advantages,
owever, the relaxation method has been rarely used in the tem-
erature region above 300 K, mainly because of the several hurdles
escribed above such as temperature stability and sensitivity limit
hat must be overcome.

Recently, we have demonstrated in the use of the Si–N mem-
rane microcalorimeter that employing a numerical least square
tting schemed based on the relaxation method with the two-
elaxation times, called as the curve fitting method (CFM) [6], can
roduce absolute Cp data at low temperatures from 20 to 300 K with
sensitivity of ∼0.01–0.1 �J/K with a resolution of �Cp/Cp < 0.01

7–9]. The relaxation method considers the so-called �2 effect and
t has been also termed as the lumped �2 model in the original lit-
rature [10]. The same microcalorimeter could be repeatedly used
or many samples as well. In this report, by extending our previous
ork, we present a new Cp measurement scheme that works at high

emperatures from 300 to 700 K based on the CFM. In particular, we
ave developed a custom-made probe with the Si–N membrane
icrocalorimeter loaded, which is then adapted into a commercial

ube furnace. The new measurement scheme can produce absolute
p data in a broad temperature window from 300 to 700 K with a
ensitivity of ∼1 �J/K while the base T is linearly scanned up and
own with a maximum speed up to ∼30 K/min. Commercially avail-
ble DSCs have a sensitivity more in the range of 0.5 mJ/K in the
ame temperature range, along with a much larger ‘background’ or
ddenda contribution to the specific heat. AC calorimetry (see [11]

or the discovery work) can resolve changes in the specific heat of
part in 104 but is less often used for absolute measurements. The
icrocalorimeter described in the present work can be repeatedly

sed as well without further sensor calibration to get absolute Cp

ata. We demonstrate the successful performance of the method

t
o
h
(
t

n top of a Cu holder, which is glued to the ceramic holder. (c) Drawings for the tee,
S304). Three layers of ceramic plates are placed on top of the stainless steel holder
le.

y presenting the Cp data of several materials such as In, Wood’s
etal and Cu using different scanning speeds. The present work

wes much to the pioneering works [12] by the Hellman group,
ee also [13] for their recent design. In those previous works, the
uthors have used similar type of the microcalorimeter as ours that
an be extendable up to ∼700 K in principle. However, in practice,
eal published data using the relaxation method are only available
n the temperature window below 300 K so far [12,13].

. Experimental

.1. Measurement probe and experimental conditions

Since the Cp measurement scheme based on the CFM uses a
ock-in amplifier operating at f = 1–2 kHz for measuring the tem-
erature sensor resistance, the electrical shielding of the apparatus

s essential in the calorimeter probe design. Thus, we have fab-
icated a tube-shaped Cp measurement probe made of stainless
teel (SUS304) for electrical shielding. The Cp measurement probe
onsists of an electrical feedthrough, a vacuum port, and a sample
older on which the Si–N membrane microcalorimeter is mounted
Fig. 1). The enlarged picture of the sample holder is shown in
ig. 1(b). There are 8 Pt wires (0.01 in. diameter) for electrical
onnection to the microcalorimeter and a type-B thermocouple
Pt–30%Rh versus Pt–6%Rh) for measuring the block T. All the Pt
ires are covered with ceramic tubes for insulation. The gold wires

0.005 in. diameter) were first fixed into the sensor/heater pads
y use of a silver epoxy cured at 420 K for 10 min. Then, the gold
ires were electrically connected to the Pt wires in the sample
older using a conductive silver paste. We have used the “type III”
icrocalorimeter that has been proved to have measurement errors

ess than ±5% in a temperature region from 20 to 300 K [8,9]. After

he microcalorimeter is properly mounted, an Al foil was wrapped
ver the membrane area for radiation shielding. Then the sample
older is covered with a radiation shield made of the stainless steel
SUS304). The probe is then inserted into a long cylindrical quartz
ube with water-cooled vacuum seal adapters and evacuated by
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Fig. 3. (a) A schematic diagram showing the scanning relaxation scheme based on
the curve fitting method (CFM). Note that, in the CFM, we consider a finite thermal
conductance (�s) between the sample and the sample holder. (b) The time evolu-
tion of the normalized power, (c) the membrane platform temperature T′(t) and
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ig. 2. A schematic diagram of the instrumentation and the electrical connections
or the high temperature heat capacity measurement using the resistive sensor-
ased microcalorimeter. The cold junction is formed at the electrical feedthrough
nd a thermistor is used to read the temperature of the cold junction.

turbo molecular pump. The assembled apparatus with the probe
nd the quartz tube is placed into a commercial tube furnace (Lind-
erg Blue/M), in which T can be ramped up to ∼1400 K (Fig. 1(a)). On
he other hand, we find that if the furnace temperature is increased
p to ∼900 K, the heater/sensor resistance in the membrane plat-
orm changes significantly. Measurements above 700 K can be thus
erformed only limited times with one microcalorimeter. In this
ork, we have limited the maximum operation temperature up to

00 K, below which the heat capacity can be measured repeatedly
n a single microcalorimeter with minimal variation of the sensor
esistance as will be explained below.

The base T of the microcalorimeter is read by a type-B thermo-
ouple. The thermocouple is firmly attached to the ceramic holder
sing a cement adhesive. The cold junction for the thermocou-
le is formed at the electric feedthrough. Even though the cooling
ater in the quartz-adapter keeps the electric feedthrough cold,

he cold junction T slowly increases as the base T increases due to
he thermal radiation and the heat conduction through the wires.
herefore, we have used a thermistor to measure the cold junction
simultaneously, and used it as a compensation T of the thermo-

ouple. A custom-made program then automatically calculates the
roper base T from the readings of the hot junction voltage and the
ompensation T.

The detailed fabrication procedure and the structure of the type
II microcalorimeter used in this work are described in Refs. [7,9].
efore the Cp measurement, the sensor strip made of the Au/Cr

ayers has been calibrated by measuring four-probe ac resistance
ith temperature variation. A schematic diagram for electronic

quipment connections is shown in Fig. 2. An ac voltage output of
= 1 kHz from a lock-in amplifier (SR830, Stanford research), is sent
o the input of a current calibrator (2500EP, Valhalla) to produce
c current, IS, across the thin film sensor (Au/Cr layer) in the Si–N
embrane. The amplitude of the voltage output is set to generate

he current value of ∼100 �A. The same lock-in amplifier measures
he sensor voltage, VS, generated across the sensor strip. For the
ensor calibration, the temperature of the tube furnace is slowly

amped up and down repeatedly with a typical ramp rate 3.3 K/min
hile the pressure is maintained at ∼1 mbar using a diaphragm
ump. The measured resistance is almost linear in T as expected
or metallic films and reproducible in repeated cycling up to 500 K.
owever, repeated cycling up to 700 K, results in a resistance varia-

t
c
m
c
m

d) T(t) ≡ T′(t) − TBG(t) is shown. TBG (dashed line in (c)) is taken prior to the heater-
n process and linearly extrapolated until the end of the measurement. The thus
btained T(t) is used to fit a theoretical curve by the least square fitting method to
alculate the total heat capacity.

ion of about 0.5–1% in each run. As the change is quite predictable
nd small between 500 and 700 K, we can correct the slight change
f calibration after each run by adding up a small constant resis-
ance without performing further calibration of the sensor. During
he Cp measurement, another thin film strip made of the Au/Cr lay-
rs is used as a heater (Fig. 2). A source meter (Keithely 236) is
sed to apply dc current, IH, while measuring dc voltage, VH, gen-
rated across the film heater. The total power level, i.e., IHVH, is
djusted to induce a temperature increase of about 2–3% of the base
. A custom-made program using LabVIEWTM is used to control
he above sequence automatically. In our measurement scheme,
e note that the base T is not stabilized at each measurement step
ut ramped linearly in time. Therefore, the sensor T variation with
eater-on/off procedure has two components, i.e., the exponen-
ially varying term and the linearly varying baseline term. The CFM
cheme is capable of extracting the linear term before the heater-on
rocedure as discussed in the following section.

We have used a micro-balance (SE2, Satorius) to accurately
easure the mass of the sample. The sample is placed on the Au-

sothermal region of the microcalorimeter by using a very thin
0 �m diameter Cu wire. To find the optimal thermal grease at
igh temperatures for small single crystal samples we have tested
everal materials such as In, Wood’s metal, high vacuum grease
Dow Corning), and silicone-oil (KF-96-1000CS, Shin-etsu). Details
f their performance are discussed in Section 3.1.

.2. High temperature Cp measurement scheme using the
canning relaxation method

As depicted in Fig. 3(a), the relaxation method used here is based
n the so-called lumped �2 model that considers a finite thermal
onductance (�s) between the sample and the membrane platform
s well as the thermal conductance (�l) between the membrane
nd the Si substrate, i.e., the thermal reservoir [6]. In the case of

he microcalorimeter, the (non-optimal) finite value of �s often
omes from the inability to press the sample firmly enough to the
embrane platform due to the membrane’s fragility. The additional

onsideration of �s results in better fits to the exponential ther-
al variation because the least square fitting scheme, called as the
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Fig. 4. Heat capacity data for several materials at high temperatures. The heat capac-
ity of the membrane platform without any thermal grease shows the lowest heat
capacity value (magenta triangles). Addition of a small amount of silicone-oil to the
membrane isothermal layer produces a slightly higher value (red circles). The heat
capacity data of indium (630 �g, dark yellow line), Cu (280 �g, blue line), and Wood’s
metal (410 �g, black line) are also drawn. For comparison, the heat capacity of a com-
mercial sapphire platform used in PPMS (Quantum Design) is also shown. While the
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FM here, is then able to determine the secondary relaxation time,
2 [6,7]. In addition, the total measurement time of the CFM in a
ingle measurement cycle is shorter than that of a conventional
elaxation method; typically the CFM can fit the T profile in a time
uration about 1–2 � (� is the main exponential decay time) to
et all the required information while the conventional relaxation
ethod often needs pulse duration about ∼10 �.
Another advantage of the CFM, which is especially useful for the

resent work, is that the linear variation of the membrane tem-
erature as well as the heat reservoir temperature can be taken

nto account when one fits the membrane temperature profile dur-
ng a single heater-on and -off cycle. The heat balance equations
onsidering the �s as in Fig. 3(a) are given as [6]

(t) = c′ dT ′

dt
+ �s(T ′ − Ts) + �l(T

′ − T0) (1)

= c
dTs

dt
+ �s(Ts − T ′) (2)

here c, c′, Ts and T′ are the heat capacity of the sample, heat capac-
ty of the addenda, temperature of the sample, and temperature
f the membrane platform, respectively. T0 is the temperature of
he thermal reservoir and P(t) is the power applied to the mem-
rane platform. As we practically measure the temperature of the
embrane platform (T′) through the resistance measurements of

he Au/Cr thin film, one can remove Ts in Eq. (1) and (2) to get the
ollowing:

cc′

�s

d2T ′

dt2
+

(
c′ + c + c

�l

�s

)
dT ′

dt
+ �lT

′ = c

�s

dP(t)
dt

+ P(t)

+ �lT0 + c�l

�s

dT0

dt
. (3)

Note that the time-derivative of T0 is allowed to be non-zero in
q. (3) as our measurements are performed in a varying T0 condition
hile T0 is assumed to be constant in the original CFM method

6,7]. When P(t) is zero, the response of the membrane platform
emperature under the slowly varying T0 is governed by

cc′

�s

d2T ′

dt2
+

(
c′ + c + c

�l

�s

)
dT ′

dt
+ �lT

′ = �lT0 + c�l

�s

dT0

dt
. (4)

If T0 is controlled to be linearly varying in time, a steady-state
olution for T′ in Eq. (4), T ′

BG , is also a linear function of time. If we
ubtract Eq. (4) with the steady state solution T ′

BG from Eq. (3), and
efine T(t) ≡ T ′(t) − T ′

BG(t), the remaining equation is the same as
he original CFM equation with a variable T(t) (Eq. (4) of [6]). In
ther words, the solution for Eq. (3) with linearly varying temper-
ture T0 is the sum of T ′

BG , and the solution of the original CFM.
hus, the CFM is capable of measuring the heat capacity even in
he presence of linear temperature drift of T0. In practice, in each
eat-pulse-cycle, we measure T ′

BG as a linear extrapolation of the
easured T′ before the heater is turned-on for few seconds, and

alculate T(t) ≡ T ′(t) − T ′
BG(t) before fitting to a theoretical curve.

hese procedures are illustrated in Fig. 3(b). In the original CFM [6]
s well as in our recent works in the low temperature region below
00 K [7–9], the CFM has been applied always when the T ′

BG(t) is
onstant, i.e., T ′

BG(t) = T ′
BG(0). What is newly shown in this work is

he fact that the profile T(t) ≡ T ′(t) − T ′
BG(t) is same up to the lin-

arly varying time-dependence of T ′
BG(t). Thus, the resultant T(t)

rofile was quite similar in its shape after subtracting the predeter-
ined T ′

BG(t) that is linearly varying or constant in time. Once the

xperimental T(t) is determined in this way, the fitting procedure is
he same as previous procedures [6,7,9]. In other words, the deter-

ined experimental T(t) profile digitized with n-time segments is
sed to compare with the prediction of T by Eq. (4) (with T′ replaced
ith T). In this process, the least square fitting for the n-equations

t
t
u
i
g

apphire platform was measured in a stabilized temperature inside the PPMS, all
ther data were measured in slow ramping rates between 1.0 and 3.3 K/min. Note
he logarithmic vertical axis. (For interpretation of the references to color in this
gure legend, the reader is referred to the web version of the article.)

rom each time segment is used to minimize errors with the theo-
etical curve by optimizing the unknown coefficients such as C, �s

nd �l. (See, for further details [6,7,9].)

. Results and discussion

.1. Cp measurements of several materials based on the scanning
elaxation method

Finding an appropriate thermal grease above 300 K has been
rucial to realize the high temperature Cp measurement scheme
resented here. For example, the well-known thermal grease at

ow temperatures, Apiezon N-grease, evaporates at temperatures
bove 470 K. Another kind of thermal grease, i.e., white thermal
rease (Dow Corning, 340 heat sink compound), did not show any
ignificant evaporation up to 500 K but it turned out to become
ry after repeated measurements above 500 K. Thus, it is less
seful for repeated measurements of solid samples with a single
icrocalorimeter as the removal of the white grease as well as

he sample becomes difficult. Another trial with silicone-vacuum
rease (Dow Corning) did not show any significant evaporation up
o 600 K nor the drying-out effect. However, thermal conductivity
f the silicone-vacuum grease appears to be too low at high temper-
tures as the so-called �2 effect has significantly increased above
00 K.

As an alternative to circumvent the above difficulties, we have
ried to use a small piece of metal with low melting temperature
uch as In or Wood’s metal (an alloy made of Bi, Pb, Sn, and Cd).
bove their melting temperatures, they are expected to become

iquids but smaller vapor pressure than the N-grease. As shown
n Fig. 4, a piece of In (630 �g) shows a sharp delta-like peak at
30 K in a warming run due to its first-order solid–liquid transi-
ion. The transition temperature in a cooling run was found to be
bout 0.1 K lower, due to the hysteresis coming from the first-order

ransition. These transition temperatures are quite consistent with
he reported values [14], confirming the accuracy of our setup. The
se of a small piece of In as a thermal ‘grease’ has been successful

n a temperature window above 430 K because In in the liquid state
ives a good thermal contact without serious evaporation. Once
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he microcalorimeter is heated up above 430 K and cooled down
gain, most solid samples are well-embedded in the solid matrix
f In so that it acts as a good thermal grease even below 430 K.
nother metallic thermal ‘grease’, Wood’s metal (410 �g) has been
lso useful because it shows its solid–liquid transition around 367 K
Fig. 4) and thus requires a lower T for heat treatment. However,
oth the metallic greases hinder repeated solid sample loadings
s the sample is well-attached into the solid metal matrix at room
emperature. Furthermore, after the measurements around ∼700 K,
e find that both In and Wood’s metal reacts with the Au isothermal

ayer due to the eutectic point of Au–In alloy or Wood’s metal–Au
lloy [15]. As a result, the addenda platform often forms a solid
lloy with the metallic grease, again hindering repeated usage of
he same microcalorimeter. Another drawback of the metallic ther-

al grease that the addenda heat capacity with a small piece of In or
ood’s metal of about few hundred �g increases significantly (by

n order of magnitude) from that of the bare membrane, as shown
n Fig. 4.

We find that using silicone oil (KF-96-1000CS, Shin-etsu) as the
hermal grease shows significant improvements over the several
rawbacks of the ‘grease’ materials discussed above. First of all, the
ilicone-oil shows relatively small evaporation at high temperature.
econd, because it is easy to control the amount in the liquid form
t room temperature, smaller addenda value can be achieved, as
vident in Fig. 4. Third, repeated usage of the same microcalorime-
er for measurements of different solid samples becomes possible
s the silicone-oil is easier to remove or reapply to the membrane
latform. Fourth, the thermal conductivity of the silicone-oil seems
o be good enough not to show any significant �2 effect up to 700 K
o that the CFM fitting scheme has worked well. We postulate that
he low viscosity and different molecular makeup for the silicon
il has caused the enhancement over the silicone-vacuum grease
Dow Corning) although the basic ingredients are similarly silicone
or both cases. In fact, the lower viscosity of the silicone-oil over
he silicone-vacuum grease often allows a tiny solid sample to sink
nto the silicone-oil. Thus, thermal contact between the sample and

embrane surface should be also enhanced.

.2. Cp measurements of Cu with different scanning speeds

To test the accuracy of the microcalorimeter at high tem-
eratures, we have measured the heat capacity of a piece of
xygen-free-highly-conducting Cu (280 �g). Before loading, we
ave polished the sample surface for good thermal adhesion. Then,
e have applied a small drop of silicone-oil (KF-96-1000CS, Shin-

tsu) to the isothermal platform and measured the addenda heat
apacity first. After carefully loading the Cu sample onto the ther-
al grease area by use of a thin Cu wire, the sample heat capacity

as been measured. The resultant heat capacity data (blue line)
f the Cu specimen is plotted in Fig. 4. In this measurement, the
ase temperature was linearly varying with the scanning speed of
.3 K/min.

To see the effect of the scanning speed on the measurement
ccuracy, the temperature of the tube furnace was ramped with
ifferent ramping rates. The results are shown in Fig. 5. We find
hat with systematic increase of the scanning speed, the calculated
p curve shows slight deviations from the reported values at high
emperature [16]. The maximum deviations become 4.4, 8.7, and
1.9% in scanning speeds of 3.3, 12, and 26 K/min, respectively. The
rigin of the positive error of 4.4% from the relatively slow ramp-

ng rate 3.3 K/min is not yet clear. It might be due to rather an
mperfect isothermal condition of the membrane platform caused
y the imperfect isothermal condition of the membrane layer or
nternal thermal resistance of the sample that still exists at such
high temperature [7]. The former can be linked to the radiation

m
m
w
t
t

ig. 5. Heating rate dependence of (a) the measured Cp of Cu (280 �g) and (b) relative
rrors as compared with the standard data of Hultgren et al. [16].

oss in the high temperature furnace and/or the low thermal con-
uctance of the membrane platform. For the latter, the present
tting scheme based on the lumped �2 model cannot consider
his additional relaxation time effect perfectly, which can cause the
ncreased errors in the fitting process [10]. The systematic increase
f the error with the increased ramping speed suggests the more
ignificant contributions from the error sources above as the fast
amping is expected to create more non-adiabatic conditions in the
embrane platform as well as inside the sample. Further efforts are

urrently being made to pin down those error sources.
In summary, within about 10% errors from the absolute value,

e can apply our measurement scheme successfully up to 620 K.
lthough we have measured the Cu data only up to 620 K in Fig. 5 to
ainly test the scanning speed dependence, we believe the same
icrocalorimeter with the silicone-oil grease and the Cu specimen
ill be able to operate up to 700 K without any difficulty. There-

ore, the capability of operating the microcalorimeter in a scanning
peed up to ∼30 K/min in the current measurement scheme can be
seful in future for exploration of non-equilibrium process of phase
ransitions or for fast measurements of Cp up to as high as 700 K.

We note that even if we have tried to increase the scanning speed
ia controlling the ramping rate of the tube furnace, the base T
f the microcalorimeter did not increase further, possibly due to
he thermal mass of the probe head. Thus, the scanning speed of
30 K/min is currently the maximum in our scanning relaxation
ethod. On the other hand, by employing the so-called large �T
ethod (or sweeping method) [10], the scanning speed of our Si–N

embrane microcalorimeter can be further enhanced. In this case,
e apply a constant large amount of power at a base temperature

o reach a final temperature. In a test run with a 55 �g YCrO3 crys-
al [8], we could reach a maximum temperature step �T∼100 K
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n 10 s, or 600 K/min. With the larger temperature step, the sensor
esistance has increased permanently or the membrane has broken
own. However, if we reduce the sample mass used, we expect that
he scanning speed can be further enhanced.

. Conclusion

We have fabricated a sensitive microcalorimeter to measure
eat capacity of solids at temperatures from 300 to 700 K by use of a
i–N membrane microcalorimeter and a commercial tube furnace.
e have employed a new measurement scheme, termed scanning

elaxation method that uses a continuous scanning of the base tem-
erature during the Cp measurements with the curve fitting method
o greatly overcome several experimental difficulties encountered
t high temperatures. The measurement of a standard Cu sample up
o 550 K matches the reported value within 5% at a slow scanning
peed of 3.3 K/min and within 12% with a maximum scanning speed
f ∼30 K/min. The scanning relaxation method can measure the
eat capacity with a sensitivity of ∼1 �J/K in a broad temperature
ange from 300 to 700 K.
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