










                                                  -1-

Chapter 1

INTRODUCTION

This introduction first points out the importance of cryogenic electronics for
space applications in order to justify the need for radiation studies at cryogenic
temperatures. Some typical examples are discussed, taking into account the future
missions scheduled by ESA. Next the overall outline of the report is given.

1.1. Application of Cryogenic Electronics in Space

The application of cryogenic electronic integrated circuitry in space is mainly
related to the cryogenic preamplifiers for different types of radiation and particle
detectors and in particular for large arrays of such type of detectors. In order to realise
large arrays of detectors the preamplifiers and associated multiplexing electronics can
not be outside the dewar with the detector elements, rather they will have to be brought
as close as possible to the detector array for limitations of noise, crosstalk and number
of feedtroughs. In particular applications cryogenic electronics is also used with single
element detectors. In that case the low-noise performance is the driving force. This
implies that this electronic circuitry should be operational at temparatures equal or close
to the operational temperature of the detectors.

Detectors operated at cryogenic temperatures can be found in a lot op space
applications, but mainly in scientific missions. These detectors cover a large part of the
electromagnetic spectrum and include also certain types of particle detectors. Below
some examples are briefly mentioned.

Superconducting Tunneling Junction (SJT) detectors

ESA has the goal to develop a camera to replace the Faint Object Camera (FOC)
on-board the Hubble Space Telescope (HST) by the year 2002-2003. The detector
considered at the moment will consist of an array of typically 100 x100 STJs. The
detector will be sensitive in the wavelength range from 115 nm to 1000 nm. These
detectors have to be operated in the sub-1K region and as a consequence this applies
also to the read-out electronics if one chooses for a close integration of the detectors
with this electronics.

Bolometer type detectors

Bolometers are thermal radiation sensors. The radiation absorbed by the detector
results in an increase of the temperature which is detected by a thermal sensors. In most
cases the thermal sensor is a temperature dependent resistor, also called thermistor. The
three types op bolometers are metal, semiconductor and superconductor, respectively.
It is clear that superconductor bolometers must be cooled to be operational. In general
the bolometer performance is improved for all types by cryogenic cooling.
Bolometer properties improve with a high value for the temperature coefficient of
resistance, a resistance compatible with low-noise preamplifiers, high radiation
absorbance and a low value of the thermal capacitance.  By cooling the bolometer to a
very low temperature the ultimate detector sensitivity can be orders of magnitude larger
than at room temperature. Cooling in general reduces the thermal noise, increases the
temperature coefficient of resistance and lowers the thermal capacity.
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Bolometer detectors have been used for the detection of Far Infra Red (FIR) and
milimeter-wave radiation, x-rays and charged and neutral particles. the ultimate
performance required in scientific experiments is reached only at cryogenic
temperatures.

Bolometer type mm-wave detector arrays will be used on the Far Infrared Space
Telescope (FIRST) planned by ESA for launch around 2005. Cryogenic bolometer
detectors are also used in high energy physics for neutrino experiments and high
resolution energy measurements of x-rays and charged particles.

Photoconductive Far Infra Red (FIR) detectors

In a photoconductive semiconductor detector the absorption of radiation causes a
corresponding conductance or resistance change by a change of free carrier
concentration by photo exitation. In order to achieve the best possible performance the
thermal generation is to be kept below a certain temperature related to the forbidden
energy gap and as a consequence the corresponding detector cut-off wavelength. The
longer the cut-off wavelength the lower the corresponding operating temperature.
Stressed Ge:Ga detectors with cut-off wavelengths around 200 µm have operating
temperatures around 1.6 K. This requires electronics operational at the same
temperature. This type of detectors has been used on the ISOPHOT experiment on ISO
and is planned to be used also on the FIRST mission.

1.2. Outline of the Report

The second chapter deals with a critical literature study of cryogenic electronics.
The fact that silicon has a 1.1 to 1.2 eV band-gap EG has some important implications
for its low temperature behaviour. While in metals, the resistance goes down with
cooling - mainly due to a reduction of the phonon population, which causes a reduction
of the lattice scattering and an increase of the mobility - the silicon resistivity typically
shows a minimum at some intermediate temperatures and increases again when the
carrier freeze-out regime is entered. At the same time, the different carrier scattering
mechanisms show distinct temperature dependencies, giving rise to a pronounced
variation of the bulk and the inversion layer mobility with temperature. The temperature
has not only an impact on the average (static) transport properties but also on the low-
frequency fluctuations (the noise). Given the fact that most of the cryogenic electronics'
applications have a strong analogue nature, this is an important parameter. Finally, the
silicon devices not only show low-frequency (LF) fluctuations, but also changes on a
longer time-scale, which range from transient and kink phenomena up to long-term
operation instabilities, which can be related to hot-carrier degradation or irradiation.
Another issue at cryogenic temperatures is that the device operating temperature can
differ significantly from the ambient temperature, due to the occurrence of self-heating.
Beside a theoretical discussion of some fundamental aspects, this chapter gives attention
to the differences in device performance. The latter is treated in view of the selected
device technology.
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The third chapter discusses radiation effects on the cryogenic operation of silicon
devices. With respect to performance degradation, the space radiation environment can
distinguish roughly between ionization damage, displacement damage and single particle
(or event) effects, which may have a transient (temporary) or a more permanent (hard)
nature. This results in a number of degradation effects, like charge trapping, the
creation of interface traps at the Si-SiO2 interface, a reduction of the mobility, single
event upset (SEU) and latch-up (SEL) in CMOS. The main displacement damage
degradation effects are an increased resistivity and even type inversion for high-
resistivity Si nuclear-radiation detector material, increased dark (leakage) current in
junction devices and CCDs, reduced minority carrier lifetime in bipolar devices (solar
cells), etc. These different aspects are addressed, especially from a cryogenic operation
viewpoint. The main goal of this chapter is to investigate the need for performing
radiation experiments at cryogenic temperatures.

The fourth chapter summarises the most important conclusions resulting from the
two previous chapters dealing with a critical literature study. Important guidelines are
given, which should be taken into account during the definition of the irradiation test
plan for cryogenic space applications.

 A  preliminary irradiation testing plan for the first phase of this Work Order,
including the type of devices that will be studied and the envisaged irradiation rounds, is
given in the last chapter. This test plan has to be considered as preliminary and will be
updated whenever appropriate. The latter surely will occur in case that it would become
possible to perform irradiations at cryogenic temperatures. Cryogenic irradiation tests
are more important for total dose compared to bulk damage effects.

In order to optimise the future use of the critical literature review, an extensive
reference list has been included.
















































































































































































































