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Abstract

This paper gives an overview of some of the recent developments in the area of chip calorimetry. Using several chip calorimeters developed
at Xensor Integration and tested by users, examples of chip calorimetry and its applications will be given. Examples of chip calorimeters
developed at various universities are given to widen the overview. The examples will be used to give more insight in the design and fabrication

of various chip calorimeters.
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1. Introduction

The science of calorimetry is more than 200 years old.
Since then, many calorimetric instruments have been devised
and refined. In the last decades, improving technology has
been enabling, but also demanding, that calorimetry becomes
smaller, faster, more accurate [1]. For the analysis of very
thin films and particles, measured in micrometers and even
nanometers, weighed in micrograms or nanograms, even the
most refined DSC instruments simply are not adequate any-
more. The same holds for the high-speed calorimetric anal-
ysis. The speed of production processes is ever increasing to
reduce costs. The speed of calorimetric analysis has to keep
up, and where DSC rate of heating and cooling is measured
in K/min, some applications really require speeds expressed
in kK/s.

The silicon technology used to make computer chips also
makes it possible to make different chips, which will actually
work as calorimeters, measuring nanogram samples at speeds
up to 1 MK/s. The secret is to make everything small, espe-
cially the heated volumes. This makes it easier to examine
minute samples, and to heat and cool at incredible rates.

Chip calorimeters in silicon technology can also be used
for chemical analysis in gases and even in liquids. Using dif-
ferent designs, different functions are realized, more appro-
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priate for liquid applications. Here, quite different specifica-
tions are attained.

Below, we will give examples of various chip calorimeters
developed by Xensor Integration for a number of customers
using the chips for a variety of applications. In some cases,
these customers have made extensive theoretical studies of
the behavior of the chips, and we will refer to these stud-
ies. Examples of and references to calorimeter chips of other
groups are given as well.

2. Chip calorimeters with mono-crystalline silicon
membranes

In 1988 Xensor Integration began with the design of the
first closed-membrane chip calorimeters for Ciba-Geigy, who
intended to use these devices for measuring the concentra-
tion of glucose, penicillin and other substances in a buffered
watery solution, and ultimately in blood. In 1990, the first
chips (design XI-25) were fabricated, and in the subsequent
years Bataillard et al. [2] measured the concentration of
glucose, urea and penicillin in the range of 1 mM and 1M
(=mol/1). In order to get very selective sensors, he coated the
backside of the membrane with an enzyme, which converts
specific substances with a characteristic heat release.

To be able to use his sensors more than once, Bataillard
first spin coated the etched cavity of his calorimeter chip with
polyvinyl pyridine (from a 2% solution in methanol [2]), and






