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We introduce a high sensitivity (1Jfinscanning microcalorimeter that can be used at high heating
rates (10 °C/s). The system is designed using ultrathin SiN membranes that serve as a low thermal
mass mechanical support structure for the calorimeter. Calorimetry measurements of the system are
accomplished via resistive heating techniques applied to a thin film Ni heating element that also
serves as a thermometer. A current pulse through the Ni heater generates heat in the sample via Joule
heating. The voltage and current characteristics of the heater were measured to obtain real-time
values of the temperature and the heat delivered to the system. This technique shows potential for
measuring irreversible heat of reactions for processes at interfaces and surfaces. The method is
demonstrated by measuring the heat of fusion for various amounts of thermally evaporated Sn
ranging from 50 to 1000 A. €1995 American Institute of Physics.

Measurement of basic thermodynamic properties relatechents of glass transition temperatdrélowever, conven-
to phenomena at interfaces and surfaces can facilitate otional DSC is usually not sensitive enough for more detailed
understanding of the underlying molecular processes on thaeasurements, such as the study of the initial stages of
nm scale, and are not only fundamental issues in materialgucleation at an interface. For example, the heat reaction of
physics® but are also of technological importance. For ex-50 A of Ni on polycrystalline Si cannot be measured reliably
ample, thermodynamic issues of the initial stages of solidy typical DSC techniques. This is because the amount of
phase nucleation phenomena during silicide formation is oheat generated during the reaction is too small and the heat
technological interest.Other potential areas of interest in- capacity of the calorimeter is too large. Consequently, special
clude kinetics study of point defect annihilation during ther-multilayer Ni/a-Si samples are needed to obtain a measur-
mal annealing following ion implantation, as well as the able signal. Several approaches to microcalorimetry are cur-
studies of surface reconstruction and decomposition of ad®ntly being developed by others in the fiérd. However,
sorbed species during atomic layer epitaxy. this work, to our knowh_adge, is t.he first to address the meth-

In the last decade, tremendous progress has been ma@élogy of scanning microcalorimetry.
in characterizing the structure of interfaces and surfaces, par- 1€ ability to measure small amounts of heat depends on
ticularly with the application of transmission electron analy-the reIaUye heat capacity of the entire calonmetry system.
sis techniques. However, little progress has been made Y reducing the thermal mass of system, the sensitivity can
directly obtaining thermodynamic information about inter- be increased. Another basic problem in calorimetry is rglated
Jo heat loss during the measuremehi.our system, the high
are typically not sensitive enough to perform measurement eating rates of the sample during the scan is far greater than

on the monolayer level due to the difficulty in measuringtdef gothllng rda':e of the system, thus approaching near-
small amounts of hegt=1 J/nf). In this letter, we describe a IaBaLI;il(i:zoig Itlr?enss.tandard thin film membrane processin
a new approach to this problem by means of a novel scar‘{— y 9 P 9

. . : ) (T-:'chnology developed at Cornell University, we combined
ning microcalorimeter designed to enable measurements o

. ) ) .. the four components typically found in a calorimetry system,
the heat capacity and the heat of fusion of Sn films with amely, the sample, the sample holder, the heater, and the

various trl|cknesses ranging from 45 to 1000 A at speeds QRwermometer, into a single multilayer thin film configuration,
~30 000 °C/s. . . . . as shown in Fig. 1. In this initial design, the sample holder is
C.urren.tly, the d|ﬁer§ntlal scanning calonmet(t])SQ an 1800 A Si—N membrane that is supported at the perimeter
technigue is the most widely used method for measuring thBy the Si substrate and is mechanically rugged. An 1800 A
enthalpy of formation for(i) reaction couplesiii) crystalli- i thin film stripe (with 60 A Ti for adhesioh functions both
zation energy of amorphous materials, dfid the measure- 55 4 resistance heater and a thermometer. The test sample is
deposited on the opposite side of the membrane and has
dElectronic mail: slai@uxa.cso.uiuc.edu approximately the same width as that of the Ni heater. The
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FIG. 1. Cross-section&h) and planaxb) view of microcalorimeter. System © 150 b
is based on reduced thermal mass sample holder made using a silicon nitride g‘
membrane which is only 1800 A thick and mechanically supported at the ﬁ) 100 ¢ 7
perimeter by the Si substrate. A thin film Ni layer is deposited on the top
side of the membrane and serves as both heater and thermometer. The S0 7
sample of interest is deposited on the bottom side of the membrane.

membrane ensures good thermal conduction between the
sample and heater, while it isolates them electrically.

The microcalorimeter was placed in an evaporator sys- 0'006, (c) —— . I
tem with a base pressure of2x10" 7 Torr. Various < 0.005F .| 3
amount of Sn were deposited successively and calorimetry = s
measurements of the heat capacity and the heat of fusion of E oo0sf 81 7
Sn thin films with varying thicknesses were performed after %‘ T ]
each evaporation without breaking vacuum. The different ~ § 0.003f s 10 15 20 2% 30 3
thicknesses of Sn and deposition rates were measured with a 8 [ ) .
crystal monitor equipped inside the chamber. The deposition 0.002¢ With 993 A Sn ]
rate was~5 A/s for the first deposition, and 10-15 A/s for £ 0.001 E /_/J,_M/——"”_N_’—J ]
the rest. The integral amount of Sn deposited was verified ' Without Sn
with a Dektak profilometer afterwards.
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The calorimetry measurement is initiated by supplying a o

dc current pulse to the Ni heater, thus raising the temperature Temperature (°C)

of the system by Joule heating, as described by Adieal :° , , _
é:IG. 2. Calorimetry measurement of a 993 A thick Sn saraleReal time

The voltage and current are monitored in real time during the > ’ o

. . . fesistance normalized tBy(T=25 °O); (b) temperature of sample deter-
pulse and thus the heat supplied to the near-adiabatic systeffhed using calibrated resistance vs temperature characterigtichgat
is directly obtainedP=VI). The temperature of the system is capacity of the system with and without Sn on the bottom side of the Si-N
determined by using the calibrated resistande={/I) membrane.
versus temperature characteristics of the Ni heater.

The data presented in Fig(82 show the change in re- is calculated to be less than 1 °C during the heating cycle.
sistance of the heater during the heating cycle, when the tot&#igure 2b) illustrates the real time temperature of Sn during
thickness of Sn deposited on the Si—N membrane was 993 A& pulse. The flat stage of the curve is due to the melting of Sn
Resistance values are obtained from real time measuremetiat occurs at=230 °C. As the temperature reaches the melt-
of voltage V(t) and currentl (t) and are normalized to the ing point of Sn, additional heat is drawn from the heater;
value at room temperature, 25 °C. The temperature of théhus, the rate at which the temperature of the system in-
heater is determined via analysis of the resistance data. Tleeeases becomes smaller. The heating rate is determined to
relationship between temperature and resistance was estdie about 30 000 °C/s. Since the cooling rate of this system
lished beforehand using a conventional vacuum tube furnaceas measured to be about 1000 °C/s, it is concluded that the
and with a calibrated thermocouple, as described in detasystem approaches the adiabatic condition.
previously'® With 1800 A Si—N between the heater and Sn, The heat capacity of the system can be directly obtained
the difference in temperature between the heater and sampii®m the data using the following expression:
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FIG. 3. Example showing the amount of heat associated with the meltingr|G. 4. Heat of fusion of Sn as a function of amount of Sn deposited. The
process for 0, 45, 67, and 93 A of Sn. The heat attributed to the heat Capaci%|ues are converted according to the area of Sn Stripes_

of the entire system prior to the melting of Sn is subtracted from the total
heat measured. Note each curve is offset for clarity.

In Fig. 3, note the increasing slope in tiET) curve
do/dt  V(HI(t) gfter the abrupt change wh_ere Fhe meIFing has occurrgd. This
P=gT/dt — dT/dr (1) is because the Sn sample is slightly wider than the Ni heater
due to lateral misalignment between the shadow mask and
C,, is plotted as a function of temperature in Figc)2 The  the Ni heater during evaporation. The Sn adjacent to the
baseline value shown in the curve represents the heat capdteater continues to melt on the edges as the heater warms the
ity of the whole system. The sharp pe@k230 °C is due to  surrounding regions laterally adjacent to the heater.
the melting of Sn. From this experiment the heat of fusionis  In summary, a novel scanning microcalorimeter with
obtained by integrating the area under the peak and measuretbnolayer sensitivity has been devised. The sensitivity of
to be 65 J/g, which is withir=10% of the value found in the the system was demonstrated by measuring the heat of fusion
literature* Also shown in Fig. Zc) is the heat capacity of of small amounts of Sn. With this system, measurements can
the system prior to Sn deposition. The difference in the hedbe made at speeds of about 30 000 °C/s, enabling experi-
capacities between the systems with and without Sn is attribments to be performed under near-adiabatic conditions.
uted to the added heat capacity of the deposited Sn. This We gratefully acknowledge Dr. L. Hess and Dr. D. Nel-
difference can be used to determine the effective thickness &fon of National Science Foundation for the financial support
Sn. Also shown in the inset is the result of an earlier mea{SGER DMR 94-19604 We would like to thank Professor
surement by Allert? In that experiment, a free-standing Ni Gert Ehrlich and Professor David Cabhill, University of llli-
foil (6 wm in thicknes$ acted as heater and Sn was used asi0is at Urbana-Champaign, for stimulating discussions.
sample to measure the heat capacity. Between Sn and Ni,Thanks are also due to L. Rathbun and L. Keim, Cornell
LiF layer was deposited as isolator. University, and J. Ziegler, University of Illinois at Urbana-
Another useful method for obtaining heat of fusion for Champaign, for their technical assistance in fabricating the
samples with small amounts of Sn involves the measuremefiims and designing electronic devices.
of the total heat. In this method the heat as a function of time
Q(t) is obtained by directly integrating the power delivered
to the system, as given by the following expression:
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R . L. H. Allen (personal communicatignPrevious measurements were made
ences, the value akH is 59.0 J/g; our measurement shOws o 4 free-standing Ni foil xm in thickness, supplied by Alfa Company.

that the average value &fH is 64 J/g. This experiment was designed in April 1994,
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