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Calorimetry Photon Detectors

Kazuhisa Mitsuda

(Received November 15, 2001; Accepted December 4, 2001)

Energy-dispersive photon detection with quantum microcal orimeters are reviewed emphasis

with on the Transition Edge Sensor (TES) microcal orimeters.

At X-ray wavelengths, these

detectors realize high energy resolution and high quantum efficiency at the same time, and thus

are very useful for observations of very weak cosmic X-rays.

The signal response and the

noise of the detectors are discussed. We show that they can detect photons of wide energy

ranges; from infra-red to hard X-rays.
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Fig.1 Schematic diagrams of a quantum micro-
calorimeter (top) and its response to a photon
absorption (b). The calorimeter consists of an X-
ray (photon) absorber, a thermometer, and a
thermal link to a heat sink. The temperature of
the X-ray absorber increases when it absorbs a
photon, and then the temperature goes back to
the equilibrium value.
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Fig.2 Typical response of X-ray detectors. Even if
the incident photon spectrum is monochromatic
(top), the pulse height spectrum obtained with
an energy dispersive X-ray detector has a finite
width (bottom). The energy resolution is often
measured with the full width half maximum
(FWHM) of the distribution.
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Fig.3 Simulation spectra of X-ray emission from hot
plasma of a temperature of about 5 x 107 K
containing heavy elements of the solar abundance,
such as silicon, sulphur, iron. The model spectrum
was convolved with the response function of
three X-ray detectors of different energy
resolutions. Emission lines and their fine
structures (see the bottom panel) from ionized
atoms can be clearly resolved with
microcal orimeters.
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Fig.4 Examples of the Resistance-Temperature curve

of the heavily-doped Si thermometer (top) and
the Ti-Au TES (bottom). The sensitivity of the
thermometer defined by the power-law index
of the R-T curve is typically 3 for Si
thermometers, while it can be as high as 1000
for TES.
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Fig.5 Thermal diagram of a calorimeter in operation.
The Joule heat dissipation, P, and the heat flow,
J, through the thermal link, G is balanced in
equilibrium, i.e. P = G(T - T). Jn and V, are
respectively the random heat flow between the
thermal link (i.e. the phonon noise) and the
random voltage arrising from the thermal noise
of the thermometer resistance (i.e. the Johnson
noise). Q is the heat input by X-ray photons.
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Fig.6 Bias and signal readout schemes for
semiconductor (left) and TES (right) calorimeters.
Semi-conductor calorimeter is usually biased with
a constant current and the voltage is measured
using a JFET follower amplifier. TES is biased
with a constant voltage and the current is
measured with a SQUID current meter. When
biased according to those schemes, the calorimeter
temperatures are stabilized at the bias point with

the electro-thermal feedback.
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Fig.7 Analogy of the electro-thermal feedback of
microcalorimeter and the negative feedback of
an electric amplifier. The negative feedback
expands the frequency range. Jn, Vn, and Vion
are respectivey the phonon noise, the Johnson
noise, and the readout noise.
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Fig.8 Power spectrum densities of calorimeter noise

components and signal frequency response for
an ideal calorimeter. The sensitivity of the
thermometer, a is set to ~ 100, thus the frequency
range of the calorimeter is extended by a factor
of 100 from the thermal time constant, T = C/G.
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Fig.9 Schematic view (right) and photographs (1eft)
of a calorimeter made on a bulk silicon wafer.
A silicon diaphragm of | mm?2 area and 20 pm
thickness is supported by two thin zigzag silicon
beam supports. The TES and the aluminum
electrode are found in the top left photograph,
while they are covered by the tin X-ray absorber
of the mushroom shape and ~ 10 pm thickness

for the left bottom photograph.

TES(¥i/ %)

$i02

Fig.10 Schematic view and photographs of a cal orimeter
made on a SiIN membrane. The TES is deposited
on the SiIN membrane of 1 pm thickness which

has a bridge-like structure.
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Fig.11 Realistic bias circuit for a TES calorimeter (top)
and an example of the |-V curve (bottom).
Constant-voltage bias is approximately realized
by the constant bias current and the shunt register.
When the bias current gradually increases from
zero, first all the bias current goes through the
TES because the TES is a superconductor. At
some point, the current jumps and starts
decreasing. In this range, the Joule dissipation
of the TES is kept approximately constant, which
means the TES is kept on the transition edge.
The current starts increasing again at some point.
Here the TES is a normal resister.
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Fig.12 X-ray pulse (left) and pulse height spectrum
for Mn Kq (5.9 eV) and Mn Kg (6.5 eV) lines
(right) for the calorimeter shown in Fig.10. The
direction of current isinverted in the left panel;
i.e. the current decreases an X-ray pulse. The
energy resolution is 38 eV.
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