Netsu Sokutei 2901 100 5-10

EE R EEE R R EEE E EE R R EEEEEEEE

ER R R R EE R R R R R E R R R R R EEE R R

(]

&
&
i

=]

[E[EEEEERIE

ACOUOUgogg

good

gbobO0ooz2o001010025000000 20010 120 2700

AC Calorimetry
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AC calorimetry allows one to measure the heat capacity of a small sample with a high
precision. On the other hand, it is difficult to measure latent heat with AC calorimetry. The
current status of its advantages and disadvantages is reviewed and the possible development of

the method is discussed.
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Fig.1 Thermal model of an AC calorimeter. A slablike
sample with heat capacity C is coupled to a
thermal bath of a temperature T, with a thermal
resistance R. An oscillatory heat flux Pga is
supplied to the upper surface of the sample.

The sample has a thickness L, an area A, thermal
conductivity k and thermal diffusivity D.
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Fig.2 Block diagram of a light-irradiation AC
calorimeter. a: sample. b: thermocouples. The
sample is periodically heated with chopped light
from a halogen lamp.
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Fig.3 Schematic view of a modulated-bath calorimeter.
The sample is attached on the junction of a
thermocouple. The thermal platform is made
of alx 2x 0.125-mm3 piece of crystalline Al;Os.
The temperature of the platform is modulated
by an ac electric power applied to a Cr heater,
while the platform temperature is monitored
by either a Gep.92AUg0s thermometer or another
thermocouple. The posts (open squares) are heavy
Cu wires thermally anchored to the temperature-
controlled base plate of the cryostat. Reproduced
from Rev. Sci. Instrum. 60, 1123 (1989).

Ko3ooKOOOOOOOooooooooooooooo
gooooboboooooobooboooooboboaKkDO
o000 oi1oo05%»000010015%00000000
O00000D0000BageKe4BiO:O OO OOOO25 umO
gooob 200029wg000ooooooooooan
oo

3.3 ACOOOOOODOOO

FominayaO 0 0 0000000000000 ACOO
goooooobooooooOoOrig400b0OO0OODOL0
mmx 15 mmx 280 ymO SIODO 00 1200000000
033mmx33mmx 5uymO Si00000000000

Netsu Sokutei 290 102002

> sample holder

NbN
i
CuNi

1

/ NbN thermometer

7

CuNi heaters

AN

l'—::'—'l

15 =
/ N

Si substrat
NbTi/Pt pads | substrate

Fig.4 Schematic view of an AC nanocalorimeter. The
Si substrate has the dimensions of 10 mmx 15
mmx 280 um. In the upper middle, a Si membrane
(3.3 mmx 3.3 mmx 5 um) which serves as a
sample holder is suspended by twelve 40-um-
wide Si bridges. An AC heat flux is generated
at the CuNi heater of the membrane and the
sample temperature is detected with the NbN
thermometer of the membrane. Open squares
are Au films as pads for wire bonding. Reproduced
from Rev. Sci. Instrum. 68, 4191 (1997).
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Fig.5 Block diagram of an AC microcalorimeter for
liquid samples. A, borosilicate glass capillary;
B, thermistor; C, glass tubes; D, lead wires.
The measuring instruments are placed in an air
thermostat to keep the temperatures constant.
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Fig.6 Temperature oscillations of a Cr sample. a square-
wave heat flux (fO 11 Hz) applied to the sample.
b: triangular temperature oscillations at TO TnO
0.4 K. c: appearance of a plateau when the
temperature oscillations span the first-order
hysteresis loop. The curve is the average of sixteen
passes. d: single pass spanning Tn. The overshoot
and undershoot are due to superheating and
supercooling. Hysteresis is apparent on heating
and cooling portions of the cycle. Reproduced
from Phys. Rev. Lett. 29, 1523 (1971).
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Fig.7 Schematic representation of Fig.6. Without a
latent heat the temperature rises linearly (curve
a) with time. In an idealized first-order transition,
a plateau is observed (curve c). The average of
many passes through the transition (curve b) rises
to the same final temperature as the idealized
transition. Reproduced from Phys. Rev. Lett.
29, 1523 (1971).
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