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Description

Field of the Invention

[0001] This document concerns an invention relating
generally to inhibiting or preventing ice formation on
cooled (e.g., cryogenically chilled) sensors present in an-
alytical instruments, and more specifically to ice preven-
tion/removal on cooled radiation detectors such as those
found in electron microscopes.

Background of the Invention

[0002] Various instruments for analyzing the charac-
teristics of materials rely on sensors for at least a portion
of their measurement operations, with these sensors be-
ing chilled to low temperatures to enhance measurement
accuracy (e.g., by decreasing electronic "noise"). As an
example, electron microscopes often include an X-ray
detector (such as a silicon sensor) mounted at the end
of an elongated probe or other mount, often called a "cold
finger," which is situated next to a specimen to be ana-
lyzed. The cold finger is chilled to cryogenic (ultralow)
temperatures, usually by a Dewar system utilizing liquid
nitrogen coolant, though some systems use a standard
refrigeration cycle for cooling (i.e., evaporative cooling).
Additionally, one provider (Thermo Electron, Madison,
WI, USA) has long provided thermoelectric (Peltier) cool-
ing of detectors. During operation, as the specimen is
bombarded by electrons from the microscope’s electron
beam, it emits X-rays which are picked up by the detector.
The detector measurements can be processed to provide
information regarding the specimen’s material and other
characteristics.
[0003] These arrangements suffer from the unfortu-
nate disadvantage that while cooling of the detector en-
hances measurement quality, cooling also increases the
possibility that the detector will be fouled (and its meas-
urements skewed) owing to water/oil condensation, and
ice formation, on the cooled detector. Moisture and oil
are often present in the analysis chamber wherein the
specimen and detector are located, with the oil originating
from the vacuum pumping system. While they can be
diminished by steps such as evacuating the analysis
chamber so the specimen and detector are in vacuum (a
common step), ice and oil condensates still tend to collect
on the detector owing to factors such as residual gas
within the analysis chamber and moisture release from
the specimen. Some detectors and mounts are partially
insulated from the analysis chamber by a surrounding
shell about the mount and/or a window between the
chamber and the detector; however, even these arrange-
ments tend to accumulate ice and oil on the shell and/or
window. Additionally, while windows help protect detec-
tors from contamination, they can also block lower-ener-
gy emissions that could otherwise be useful detected by
the detector.
[0004] As discussed in U.S. Patents 4,931,650 and

5,274,237, the foregoing difficulties have led to the de-
velopment of a variety of corrective devices and meth-
odologies. Both patents describe the use of periodic
warm-up cycles wherein the mount and detector are al-
lowed to warm up to drive off water. U.S. Patent
4,931,650 assists such a procedure by incorporating a
resistive heater for warming the detector, and U.S. Patent
5,274,237 has a portion of the analysis chamber about
the detector at a cooler temperature so that the bulk of
any ice will form away from the detector. However, it
would be useful to have further arrangements available
for avoiding detector ice contamination in electron micro-
scopes and other analytical instruments.
[0005] US-A-5,075,555 and Barkan et al, in "Improved
count rate and resolution performance of a thermoelec-
trically cooled Si(Li) x-ray detector", Microscopy and
Microanalysis, Springer, New York, Vol. 5, No. 2, 1.
March 1999, pages 120-125, each disclose an SEM with
an x-ray detector that is connected to a mount which is
heated by a thermo electric element.
[0006] JP-A-H08 138613 discloses an x-ray micro an-
alyser in which a window of an x-ray detector is indirectly
heated by a heater in a collimator in front of the window.
A sensing element is cooled using liquid nitrogen con-
ductively coupled to the sensing element via a rod.

Summary of Invention

[0007] The invention involves arrangements which are
intended to at least partially address the aforementioned
problems. The invention is defined in claim 1. A brief sum-
mary of an exemplary version of the invention follows
below in order to give the reader a basic understanding
of some of its advantageous features, with reference be-
ing made to the accompanying drawing, which schemat-
ically depicts the exemplary version. Since this is merely
a summary, it should be understood that more details
regarding preferred versions of the invention may be
found in the Detailed Description set forth elsewhere in
this document. The claims set forth at the end of this
document then define the various versions of the inven-
tion in which exclusive rights are secured.
[0008] The invention is implemented in an analytical
instrument 100 having a radiation detector 102, such as
the electron microscope schematically depicted in the
accompanying Figure. In the electron microscope 100,
a specimen 104 on a sample stage 106 is subjected to
an electron beam 108 from an electron beam source 110,
and a radiation detector 102 (here an X-ray detector)
receives radiation emitted from the specimen 104 to pro-
vide information regarding the characteristics of the spec-
imen 104. The foregoing components are situated within
an analysis chamber 112, which is evacuated by means
of a vacuum pump 114.
[0009] The radiation detector 102 is coupled to a ther-
mally conductive mount 116 (e.g., a "cold finger" made
of copper and/or another conductive metal), which is
shown as being slidably connected to the analysis cham-
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ber 112 to allow the radiation detector 102 to be advanced
or retracted to a desired position relative to the sample
stage 106. The mount 116 is then coupled to a thermo-
electric element 118 such as one or more Peltier junc-
tions, with a multi-element "stack" being depicted in the
Figure. The thermoelectric element(s) 118 have a cold
side 120 adjacent the mount 116 and detector 102 and
an opposing hot side 122. A heat sink 124, here shown
as a series of fins, is coupled to the hot side 122 of the
thermoelectric element(s) 118 to allow cooling of the
mount 116 when the element(s) 118 are supplied with
power from a cooling power supply 126. To deter ice
formation and/or oil condensation on the mount 116 and
detector 102, the detector 102 may be isolated from the
chamber interior by a shell 128 surrounding the mount
116, and by a window 130 situated on the shell 128 be-
tween the sample stage 106 and the detector 102. In
addition, a housing 132 about the element(s) 118 is joined
to the chamber 112 via a bellows 134 which helps prevent
air from leaking into the chamber 112, with such leakage
also being deterred by a seal 136 in the walls of the cham-
ber 112 about the mount 116.(or about the shell 128 sur-
rounding the mount 116).
[0010] In operation, the analysis chamber 112 is at
least substantially evacuated by the vacuum pump 114,
and current is supplied to the thermoelectric element(s)
118 by the cooling power supply 126 to decrease the
temperature of the mount 116 and the radiation detector
102 to an operating temperature. The electron beam
source 110 is then activated, and the radiation detector
102 is used to take measurements from the specimen
104. If the mount 116 and detector 102 are maintained
at low temperatures for an extended period of time (as
they often are), oil condensates and/or ice can form on
the detector 102 (or on the adjacent window 130, if
present), and thereby interfere with measurements. To
reduce or eliminate this problem, another power supply
138 - one configured to increase the temperature of the
mount 116 and the radiation detector 102 to a condition-
ing temperature sufficient to melt ice, and evaporate
oil/water condensates - can be provided in connection
with the thermoelectric element(s) 118 to heat them when
desired. (It is also possible to simply have a single power
supply which is reversible so as to provide both cooling
and heating functions, but since control and reversibility
is expensive to achieve with readily available power sup-
plies, it is generally less expensive to simply utilize sep-
arate power supplies for heating and cooling of the same
element(s) 118.) The heating power supply 138 main-
tains the temperature of the radiation detector 102 at or
about the conditioning temperature for a discrete condi-
tioning period sufficient to drive off water and oil, and
then turned off. The cooling power supply 126 then is
reactivated to supply suitable current to the thermoelec-
tric element(s) 118 to return the radiation detector 102
to a temperature at or about the operating temperature,
at which point the radiation detector 102 may resume
taking measurements. (It is recommended that the de-

tector 102 only take measurements when at the operating
temperature, and that it not take measurements during
the conditioning period, since the heated detector 102
may exhibit substantial measurement noise.)
[0011] Beneficially, since the thermoelectric ele-
ment(s) 118 actively heat the mount 116 and detector
102 - that is, they raise the temperature of the detector
102 to a conditioning temperature above the ambient
temperature (as measured outside the analysis chamber
112), rather than simply turning off so that the mount 116
and detector 102 slowly warm from their operating tem-
perature to the ambient temperature - reconditioning of
the detector 102 (i.e., removal of oil and water/ice) can
be very quickly performed with conditioning periods of
15 minutes or less. This is a significant advantage in com-
parison to prior arrangements wherein reconditioning
simply occurred by removing the cooling source (e.g., by
terminating the supply of liquid nitrogen or other refrig-
erant), and hours were required for the detector 102 to
slowly return to ambient temperature and for water/oil to
evaporate off the detector 102.
[0012] Further advantages, features, and objects of
the invention will be apparent from the remainder of this
document in conjunction with the associated drawings.

Brief Description of the Drawings

[0013] FIG. 1 is a schematic view of an analytical in-
strument used in a preferred version of the invention,
showing a radiation detector 102 situated at the end of
a mount or "cold finger" 116 opposite a specimen 104
(which receives an electron beam 108 from an electron
source 110), and wherein a stack of thermoelectric ele-
ments 118 can cool the mount 116 (and thus the detector
102) to an operating temperature via a cooling power
supply 126 so that the detector 102 may take measure-
ments from the specimen 104, and/or heat the mount
116 and detector 102 to a conditioning temperature via
a heating power supply 138 to remove water/ice and oil
condensates from the detector 102.

Detailed Description of Preferred Versions of the In-
vention

[0014] The analytical instrument 100 depicted in the
Figure can be readily constructed from existing electron
microscopes, with examples being the FEI (Hillsboro,
OR, USA) Nova, Quanta, Altura, Expida, Strata, Tecnai,
and Titan series electron microscopes, Carl Zeiss SMT
(Thornwood, NY, USA) Supra, Ultra, Libra, and Cross-
Beam series electron microscopes, Hitachi (Pleasanton,
CA, USA) S and H series electron microscopes, and
JEOL (Tokyo, JP) JSM series electron microscopes.
However, since the instrument 100 is merely an exem-
plary preferred version of the invention, it should be kept
in mind that the invention, as claimed below, can assume
a variety of forms which drastically vary from the one
shown in the Figure. As examples, the vacuum chamber
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112 may be shaped differently, the analytical instrument
may be other than an electron microscope 100 (and thus
the electron beam source 110 may not be present), and
the radiation detector 102 may measure electromagnetic
radiation in wavelength ranges other than or in addition
to X-rays (for example, in the infrared range). The mount
116 may have a configuration other than as an elongated
"cold finger," and while the mount 116 shown in the Figure
is translatably mounted to the analysis chamber 112 with
respect to the sample stage 106 via an O-ring or other
seal 136, the mount 116 could instead be stationary, or
could be made movable within the chamber 112 by other
arrangements. In addition, the nature, configuration, and
layout of the thermoelectric element(s) 118, the cooling
and heating power supplies 126 and 138, and the heat
sink 124 may vary widely, since such components are
available in a broad range of different configurations.
[0015] As previously noted, the shell 128 and window
130, which serve to isolate the mount 116 and detector
102 from the analysis chamber 112 (and thus from con-
densation of water and oil from the chamber 112 onto
the detector 102), need not be present. If they are
present, in which case condensation and icing may occur
on the shell 128 and window 130 rather than on the mount
116 and detector 102, the shell 128 might be conductively
coupled to the thermoelectric element(s) 118 so that the
shell 128 and window 130 can be efficiently heated. Al-
ternatively, the shell 128 could be coupled to a separate
set of one or more thermoelectric elements (and to a
heating power supply), one not shown in the Figure, so
that it can be heated independently of any cooling of the
mount 116 and detector 102.
[0016] In similar respects, one or more thermoelectric
elements 118 (and a cooling power supply 126), and/or
some other form of cooling means, could be situated in
the analysis chamber 112 at a location spaced away from
the mount 116 and detector 102, and these could be ac-
tivated when the mount 116 and detector 102 are warmed
to the conditioning temperature. In this manner, water
and oil that have condensed on the mount 116 and de-
tector 102 can be driven off and collected on the separate
thermoelectric elements (and/or other cooling means).
Other arrangements, such as those noted in the prior
patents listed at the outset of this document, could also
be used.

Claims

1. A method of operating an analytical instrument (100)
which includes:

(1) an analysis chamber (112),
(2) a radiation detector (102) coupled to a heat-
conductive mount (116) within the analysis
chamber (112),
(3) a thermoelectric element (118) coupled to
the mount (116),

the method including the steps of:

a. at least substantially evacuating gas from
the analysis chamber (112);
b. supplying current to the thermoelectric el-
ement (118) suitable to decrease the tem-
perature of the radiation detector (102) to
an operating temperature;
c. subsequently supplying current to the
thermoelectric element (118) to increase
the temperature of the radiation detector
(102) to a conditioning temperature which
is above the operating temperature;
d. maintaining the temperature of the radi-
ation detector (102) at or about the condi-
tioning temperature for a discrete condition-
ing period; and
e. supplying current to the thermoelectric el-
ement (118) suitable to return the radiation
detector (102) to a temperature at or about
the operating temperature.

2. The method of claim 1 wherein the conditioning tem-
perature is above the ambient temperature as meas-
ured outside the analysis chamber (112).

3. The method of claim 1 wherein the conditioning pe-
riod is less than or equal to 15 minutes.

4. The method of claim 1 further including the step of
directing an electron beam into the analysis chamber
(112) when the radiation detector (102) is at or about
the operating temperature.

5. The method of claim 1 preceded by the step of ad-
vancing the mount (116) into the analysis chamber
(112).

Patentansprüche

1. Verfahren zum Betrieb eines analytischen Instru-
ments (100), welches einschließt:

(1) eine Analysenkammer (112),
(2) einen Strahlungsdetektor (102), gekoppelt
mit einer wärmeleitfähigen Halterung (116) im
Inneren der Analysenkammer (112),
(3) ein thermoelektrisches Element (118), ge-
koppelt mit der Halterung (116),
wobei das Verfahren die Schritte einschließt:

a. Gas aus der Analysenkammer (112) zu-
mindest weitgehend evakuieren;
b. Zuführen von Strom zu dem thermoelek-
trischen Element (118), geeignet zum Ab-
senken der Temperatur des Strahlungsde-
tektors (102) auf eine Betriebstemperatur;
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c. danach Zuführen von Strom zu dem ther-
moelektrischen Element (118), um die Tem-
peratur des Strahlungsdetektors (102) auf
eine Temperatur zum Konditionieren zu er-
höhen, die oberhalb der Betriebstempera-
tur liegt;
d. Halten der Temperatur des Strahlungs-
detektors (102) auf oder über der Tempe-
ratur zum Konditionieren für eine diskrete
Konditionierungsdauer; und
e. Zuführen von Strom zu dem thermoelek-
trischen Element (118), geeignet zur Rück-
führung des Strahlungsdetektors (102) auf
die oder über der Betriebstemperatur.

2. Verfahren nach Anspruch 1, wobei die Temperatur
zum Konditionieren oberhalb der Umgebungstem-
peratur liegt, die außerhalb der Analysenkammer
(112) gemessen wird.

3. Verfahren nach Anspruch 1, wobei die Dauer der
Konditionierung weniger oder gleich 15 Minuten be-
trägt.

4. Verfahren nach Anspruch 1, ferner einschließend
den Schritt, bei welchem der Elektronenstrahl in die
Analysenkammer (112) gerichtet wird, wenn sich der
Strahlungsdetektor (102) auf oder über der Betrieb-
stemperatur befindet.

5. Verfahren nach Anspruch 1, wobei der Schritt vor-
geschaltet wird, die Halterung (116) in die Analysen-
kammer (112) zu vorzuschieben.

Revendications

1. Procédé d’utilisation d’un instrument analytique
(100) comprenant :

(1) une chambre d’analyse (112),
(2) un détecteur de rayonnement (102) couplé
à un support thermoconducteur (116) dans la
chambre d’analyse (112),
(3) un élément thermoélectrique (118) couplé
au support (116), le procédé comprenant les
étapes suivantes :

a. évacuer au moins sensiblement du gaz
de la chambre d’analyse (112) ;
b. alimenter en courant l’élément thermoé-
lectrique (118) en courant suffisant pour ré-
duire la température du détecteur de rayon-
nement (102) jusqu’à une température de
fonctionnement ;
c. puis alimenter en courant l’élément ther-
moélectrique (118) pour accroître la tempé-
rature du détecteur de rayonnement (102)

jusqu’à une température de conditionne-
ment qui est supérieure à la température de
fonctionnement ;
d. maintenir la température du détecteur de
rayonnement (102) à la température de
conditionnement ou aux environs de celle-
ci pendant une période discrète de
conditionnement ; et
e. alimenter en courant l’élément thermoé-
lectrique (118) convenant pour renvoyer le
détecteur de rayonnement (102) à une tem-
pérature égale à la température de fonction-
nement ou proche de celle-ci.

2. Procédé selon la revendication 1, dans lequel la tem-
pérature de conditionnement est supérieure à la tem-
pérature ambiante telle que mesurée en dehors de
la chambre d’analyse (112).

3. Procédé selon la revendication 1, dans lequel la pé-
riode de conditionnement est inférieure ou égale à
15 min.

4. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à diriger un faisceau élec-
tronique dans la chambre d’analyse (112) quand le
détecteur de rayonnement (102) est à la température
de fonctionnement ou proche de celle-ci.

5. Procédé selon la revendication 1, précédé par l’éta-
pe d’avancée du support (116) dans la chambre
d’analyse (112).
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