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57 ABSTRACT

A cooling unit operating in a magnetic field is provided. The
cooling unit includes an encasement body having a non-
electrically conductive composition and defining a first and
second opposing planar surface. The cooling unit also
includes a metal conduit disposed in the encasement body
substantially parallel to the first surface. Additionally, the
cooling unit also includes a series of metal fins disposed in the
encasement body and extending from the conduit. In some
configurations the fins can be substantially parallel to the first
surface. Further, in some configurations, non-electrically
conductive inserts having a thermal conductivity greater than
a thermal conductivity of the encasement body can be dis-
posed in a portion of the encasement body between one of the
first and second surfaces and one or more of the metals fins.
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COOLING UNIT FOR COOLING A
DETECTION DEVICE IN AN IMAGING
SYSTEM AND DETECTION DEVICES AND
IMAGING SYSTEMS THEREFROM

FIELD

[0001] The subject matter herein generally relates to cool-
ing units for imaging systems, and in particular, to cooling
units for detection devices in imaging systems.

BACKGROUND

[0002] In medical imaging so-called “hybrid modalities”
are becoming increasingly important, for example PET-CT,
SPECT-CT, PET-MRI and SPECT-MRI. The meanings of
these abbreviations are as follows:

[0003] PET: Positron Emission Tomography

[0004] CT: Computer Tomography

[0005] SPECT: Single Photon Emission Computed
Tomography

[0006] MRI: Magnetic Resonance tomography

The advantage of these combinations is the connection of a
modality with a high local resolution for imaging anatomy
(especially MRI or CT) to a modality with high sensitivity
(especially SPECT or PET) for imaging/detecting biological
processes, including cellular and metabolic processes.
[0007] In the case of MRI, locating an array of radiation
imaging detectors inside the bore of a MRI system presents to
the designer many technical challenges, which are exacer-
bated not only by spatial constraints, magnetic and gradient
fields, but also by ohmic and eddy current heating. In general,
the magnetic field strength and spatial constraints of a MRI
system generally limit optical sensor selection to solid-state
types, such as avalanche photo diodes (APDs) and silicon
photo multipliers (SiPMs). However, most conventional PET
and PETCT detectors rely on photo multiplier tubes (PMTs)
as the primary optical sensing element since they are gener-
ally insensitive to temperature fluctuations since their photon
conversion elements are incased within an evacuated tube.
Unfortunately, most PMTs are highly susceptible to changes
in magnetic fields. Further, most conventional PMTs for PET
and PETCT detectors are relatively large (>100 mm). Accord-
ingly, PMTs are generally impractical for use in the spatially
restricted, magnetic environment of an MRI system.

[0008] Incontrast, solid state photon sensors, such as APDs
and SiPMs, are relatively small in height (1-2 mm) and are
typically unaffected by the magnetic fields of an MRI system.
However, the gain of such sensors can significantly fluctuate
in response to temperature fluctuations of the ambient envi-
ronment. Therefore, when APDs and SiPMs are used to form
an optical sensing element for a PET detector, such gain
fluctuations can be very detrimental to the operation of the
PET detector, as it generally requires long term stability in the
optical sensing element. Therefore, a PET detector designed
for use in an MRI requires proper cooling if incorporating
either APDs or SiPMs as its optical conversion element.

SUMMARY

[0009] Embodiments of the invention concern cooling
units and systems for imaging devices. In a first embodiment
of'the invention, an apparatus operating in a magnetic field is
provided. The apparatus includes an encasement body having
anon-electrically conductive composition and defining a first
and second opposing planar surface. The apparatus also
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includes a metal conduit disposed in the encasement body
substantially parallel to the first surface. Additionally, the
apparatus also includes a series of metal fins disposed in the
encasement body and extending from the conduit. In some
configurations, non-electrically conductive inserts having a
thermal conductivity greater than a thermal conductivity of
the encasement body can be disposed in a portion of the
encasement body between one of the first and second surfaces
and one or more of the metals fins.

[0010] In a second embodiment of the invention, a detec-
tion device is provided. The detection device includes at least
one cooling unit having an encasement body of a non-elec-
trically conductive composition and defining a first and sec-
ond opposing planar surfaces of the cooling unit, a metal
conduit disposed in the encasement body substantially paral-
lel to the first surface, and a series of metal fins disposed in the
encasement body and extending from the conduit. The detec-
tion device further includes a coolant delivery device coupled
to the metal conduit and configured for directing a cooling
fluid through the metal conduit at least one detector unit in
thermal contact with the cooling unit. In some configurations,
a controller can be provided for monitoring sensor tempera-
ture and adjusting flow and temperature of the cooling fluid.
[0011] In a third embodiment of the invention, a cooling
unit for a sensor in a magnetic field is provided. The cooling
unit includes an encasement body comprising a non-clectri-
cally conductive composition and defining first and second
opposing planar surfaces. The cooling unit further includes a
metal conduit disposed in the encasement body substantially
parallel to the first surface and a series of metal fins disposed
in the encasement body and extending from the conduit in a
plane substantially parallel and equidistant to the first and
second planes. The cooling unit further comprises a cooling
fluid device coupled to the metal conduit and configured for
directing a cooling fluid through the metal conduit.

[0012] In a fourth embodiment of the invention, a cooling
unit for a sensor in a magnetic field is provided. The unit
includes a planar metal conduit defining a first plane and a
series of metal fins extending for the planar metal conduit, the
series of fins extending primarly in a direction parallel to the
first plane. The unit can further includes one or more non-
electrically conductive portions in physical and thermal con-
tact with at least the series of fins, where the non-electrically
conductive portions configured to at least partially fill a mini-
mum cuboid volume defined by the planar metal conduit and
the series of fins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Embodiments of the present application will now be
described, by way of example only, with reference to the
attached Figures, wherein:

[0014] FIG. 1 shows a conventional facility for overlaid
MRI and PET image display;

[0015] FIGS. 2A and 2B, show perspective and cross-sec-
tion views of a cooling unit for a detection unit, such as PET
detection unit in FIG. 1, in accordance with an embodiment of
the invention.

[0016] FIGS. 3A and 3B are perspective and cross-section
views of a detection unit, such as PET detection unit in FIG.
1, including a cooling element in accordance with the various
embodiments of the invention.

[0017] FIG. 4 is a cross-section of a cooling unit in accor-
dance with another embodiment of the invention; and
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[0018] FIGS. 5A-5E show various views of a cooling unit
in accordance with another embodiment of the invention.

DETAILED DESCRIPTION

[0019] The present invention is described with reference to
the attached figures, wherein like reference numerals are used
throughout the figures to designate similar or equivalent ele-
ments. The figures are not drawn to scale and they are pro-
vided merely to illustrate the instant invention. Several
aspects of the invention are described below with reference to
example applications for illustration. It should be understood
that numerous specific details, relationships, and methods are
set forth to provide a full understanding of the invention. One
having ordinary skill in the relevant art, however, will readily
recognize that the invention can be practiced without one or
more of the specific details or with other methods. In other
instances, well-known structures or operations are not shown
in detail to avoid obscuring the invention. The present inven-
tion is not limited by the illustrated ordering of acts or events,
as some acts may occur in different orders and/or concur-
rently with other acts or events. Furthermore, not all illus-
trated acts or events are required to implement a methodology
in accordance with the present invention.

[0020] As described above, one of the principal concerns
when combining PET detectors using solid state sensors with
an MRI system is providing proper cooling of the solid state
sensors. Existing PET detectors, designed for use in an MRI
environment, typically cool the solid-state sensor either by
using circulating water, or other cooling liquid, or by blowing
air over the component to be cooled. However, water cooling
is generally a more efficient means of heat dissipation.
[0021] Forpurposes of water or liquid based cooling, metal
structures, such as pipes and heat sinks, would be preferred
for most environments. However, in the case of cooling
devices within a magnetic field of an MRI system, the use of
metal structures can be problematic due to the heating mecha-
nisms and forces typically present. There are three main
mechanisms for heating in an MRI: eddy current heating,
ohmic heating, and frictional heating. Eddy currents are
caused when a conductor is exposed to a changing magnetic
field due to either the relative motion of the field source and
conductor, or due to variations of the field with time. This
effect can cause a circulating flow of electrons, or a current,
within the body of the conductor. Eddy currents generate
resistive losses that transform some forms of energy, such as
kinetic energy, into heat. Ohmic heating, also known as Joule
heating or resistive heating, is the process by which the pas-
sage of an electric current through a conductor releases heat.
Frictional heating is caused when two bodies, in relative
contact, rub against one other as they vibrate out of phase. The
vibrations are induced within the detector as well as the
surrounding elements, and are commonly a result of Lorentz
Forces. A Lorentz force is the force on a point charge due to
electromagnetic fields. Strong eddy currents, developed in
relatively thick conductive materials, can also contribute to
the development of Lorentz Forces.

[0022] Accordingly, although outside the MRI environ-
ment, a detector could be conceivably cooled by a structure
manufactured from a chunk of copper or metal, with water (or
air) flowing through the structure to dissipate the heat it has
absorbed from the detector electronics. However, inside the
MRI bore, the heating mechanisms described above generally
render any cooling gains nil. As a result of the limitations of
metal cooling structures, MRI/PST systems can utilize a
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polymer channel and/or by blowing air over the heat gener-
ating components, since polymer cooling channels are gen-
erally insensitive to eddy current heating and Lorentz Forces.
However, these approaches, together or in combination, have
only limited success in providing adequate cooling of a PET
detector.

[0023] Inview ofthe foregoing, embodiments of the inven-
tion provide improved cooling units for cooling detection
devices in an MRI-based imaging system and methods
thereof. In particular, a metal comprising cooling unit is pro-
vided in which the configuration of the components in the
cooling unit is selected such that the amount of heating due to
eddy currents, ohmic heating, and Lorentz forces is less than
the amount of cooling provided by the cooling fluid.

[0024] In particular, the various embodiments provide
cooling units including a metal conduit having a series of
metal fins. In such cooling units, the conduit and fins are kept
from coming into electrical contact by encasing them in an
encasement body consisting of electrically non-conductive
materials. In the various embodiments of the invention, the
composition of the fins and conduit and the size and arrange-
ment of the fins can be selected to reduce heating due to eddy
currents, ohmic heating, and Lorentz forces.

[0025] With respect to ohmic heating, such heating can be
reduced by utilizing high thermal conductivity materials,
such as metals. For example, in one embodiment of the inven-
tion, copper-comprising alloys are used. However, other
embodiments of the invention, silicon or diamond conductors
can also be used. With respect to Lorentz forces, these forces
provide heating in absence of an applied current when strong
eddy currents are present. Accordingly, by configuring the
conduit and fins to reduce eddy currents, heating due to such
currents and Lorentz forces is also reduced.

[0026] Heating in metals due to eddy currents is generally
due to the thickness of the metal and the total volume. For
example, the power loss per unit volume of a metal sheet can
be calculated as:

» ~Bd*f* (9]
- 6pD

where B, is the peak flux density (T), d is thickness of the
sheet (m), p is the sheet resistivity (Qm), o is electrical
conductivity, L is magnetic permeability, and D is the pen-
etration depth or skin depth (m). For equation (1), D is given
by:

1 @

Vrfuor

D=

Thus, to minimize eddy current heating in a conduit including
fins, a smaller thickness for the fins would be needed. Further,
a smaller total volume for the fins would also be need. An
additional consideration is the amount of Lorentz force being
applied to the fins. That is, although a single fin occupying a
volume and a pair of fins occupying substantially the same
volume may generate approximately the same overall amount
of'eddy current, the two fin configuration will be preferred to
minimize Lorentz forces. As used herein, the term “substan-
tially” refers to being within 20% of the stated value, mea-
surement, or quantity. That is, since the total amount of cur-
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rent in each of the fins will be lower than the total amount of
current in the single fin, smaller Lorentz forces (and thus less
heating) will be generated in the smaller fins as compared to
the larger fin.

[0027] An additional consideration for the selection of fin
size and number is the amount of heat that can be absorbed
(i.e., the heat capacity rate) by a cooling fluid flowing through
a conduit. This is generally expressed as

dm (3)

C=%ar

where c, is the heat capacity of the cooling fluid and dm/dt is
the mass flow rate of the cooling fluid. Further, the amount of
heat transter or flux each component can provide can also be
considered. This can be generally expressed as

q =-kVT 4

where k is the material’s thermal conductivity, and VT is the
thermal gradient.

[0028] Accordingly, the maximum amount of cooling a
particular configuration of conduit, fins, and cooling fluid
flow rate can be estimated using the equations above. Thus,
when the dimensions are constrained, as in a PET-MRI sys-
tem, such relationships can be used to determine the combi-
nation of conduits, fins, and cooling fluid flow rates that can
be used to provide a desired amount of cooling for the PET-
MRI system.

[0029] Accordingly, in the various embodiments of the
invention, a series of fins is provided along the length of the
conduit to provide a surface area for capturing heat and direct-
ing it into the cooling fluid, yet provide an arrangement of the
fins to prevent significant heating due to eddy currents or
Lorentz forces.

[0030] Although the various embodiments of the invention
will be described primarily with respect to a combined PET-
MRI system, this is only for illustrative purposes. The various
embodiments of the invention are equally applicable to cool-
ing of detection devices in any system where magnetic fields
may be of concern.

[0031] Referring now to FIG. 1, there is shown therein a
conventional facility 100 for overlaid MRI and PET image
display. The facility 100 consists of a known MRI tube 102.
The MRI tube 102 defines a longitudinal direction z, extend-
ing orthogonally in relation to the plane of the drawing
depicted in FIG. 1.

[0032] As is shown in FIG. 1, a number of PET detection
units 103 are arranged coaxially within the MRI tubes 102 in
opposing pairs around the longitudinal direction z. The PET
detection units 103 can consist of an APD photo diode array
105 with an upstream array scintillators crystals 104, such as
Lutetium Oxyorthosilicate (LLSO) crystals or bismuth germi-
nate (BGO) crystals, and an electrical amplifier circuit (AMP)
106. The invention is however not restricted to the PET detec-
tion units 103 with the APD photo diode array 105 and the
upstream array of crystals 104, but other types of photo
diodes, crystals and devices can likewise be used for detec-
tion.

[0033] The image processing for overlaid MRI and PET
image display is undertaken by a computing system 107.
[0034] Along its longitudinal direction z the MRI tube 102
defines a cylindrical first image field. The plurality of PET
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detection units 103 defines along the longitudinal direction z
a cylindrical second image field. In operation, the second
image field of the PET detection units 103 essentially
matches the first image field of the MRI tubes 102. This is
implemented by a corresponding adaptation of the arrange-
ment density of the PET detection units 103 along the longi-
tudinal direction z to provide simultaneous imaging.

[0035] Referring now to FIGS. 2A and 2B, there are shown
perspective and cross-section views of a cooling unit 200 for
a detection unit, such as PET detection unit 103 in FIG. 1, in
accordance with an embodiment of the invention. As shown
in FIGS. 2A and 2B, cooling unit 200 includes a substantially
cuboid encasement body 204 that supports with an upper
cooling surface 208 and an opposing lower cooling surface
210 that is substantially parallel to the upper cooling surface
208. As used herein, the term “cuboid” refers to a shape or
volume bounded by six substantially rectangular faces. In the
various embodiments of the invention, the cooling unit 200
includes a high thermal conductivity conduit 202 disposed in
a non-metal encasement body 204, where the conduit is con-
figured for directing a coolant through encasement body 204.

[0036] Inthe configuration illustrated in FIGS. 2A and 2B,
the conduit 202 is disposed in encasement body 204 substan-
tially parallel to upper and lower surfaces 208, 210 of the
encasement body, and is arranged as a loop extending a long
acentral axis X ofunit 200 with a single turn. In particular, the
conduit 202 is arranged such that the first and second ends of
the conduit are not electrically coupled. Further, the conduit
202 is also arranged such that no portions of the conduit 202
are electrically coupled. Thus, no paths for significant eddy
currents are provided along the length of conduit 202, or
portions thereof. Although conduit 202 is shown as consisting
of a single loop, the various embodiments are not limited in
this regard. Rather, conduit 202 can have any geometry within
encasement body 204, provided that the no portions of the
conduit 202 are in physical and electrical contact. Thus in
some embodiments ends of the conduit 202 need not exit from
the same surface of encasement body 204.

[0037] Further, although conduit 202 is shown in FIG. 2B
has having a diameter substantially equal to the thickness of
encasement body 204 (i.e., the distance between surfaces 208
and 210), the various embodiments of the invention are not
limited in this regard. Rather, conduit 202 can have any diam-
eter less than the thickness of encasement 204. Further, in
FIGS. 2A and 2B, conduit 202 is shown as having a substan-
tially circular cross-sectional shape. However, in other
embodiments of the invention, conduit 202 can have any other
types of cross-sectional shapes. For example, conduit 202 can
have an elliptical, oval, polygonal, or a rounded polygonal
cross-sectional shape, to name a few. In some configurations,
the cross-section shape can be selected to provide a thinner
size for cooling unit 102. For example, a rounded rectangular
shape can be configured to provide the same flow of cooling
fluid and the same cooling capacity as a circular shape, but
have a lower overall height or thickness.

[0038] In some embodiments, the conduit 202 can be
formed using a copper-comprising composition, such as cop-
per or alloys thereof. However, the various embodiments of
the invention are not limited in this regard and conduit 202
can be formed from one or more other metals or alloys
thereof. Further, the conduit can also be formed from ceram-
ics, polymers or any other thermally conductive materials.
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However, higher thermal conductivity materials, such as met-
als and metal alloys will provide increased efficiency, as
described below.

[0039] In addition to the conduit 202, the cooling unit 200
can also include a plurality of metal fins 206 extending from
the conduit 202. In particular, the fins 206 are configured to
extend from conduit 202 substantially parallel to the surfaces
208 and 210 of the encasement body 204. For example, as
illustrated in FIGS. 2A and 2B, the fins 204 are configured to
extend tangentially from conduit 202. Specifically, the fins
206 extend along upper surfaces 208 of cooling unit 200 and
towards central axis X. In some embodiments, the fins 206
can be formed using a copper-comprising composition, such
as copper or alloys thereof. However, the various embodi-
ments of the invention are not limited in this regard and the
fins 206 can be formed from one or more different metals or
alloys thereof. In some configurations, the fins 206 can be
integrally formed with conduit 202. In other embodiments,
the fins 206 can be formed separately and thereafter attached
to conduit 202. For example, the fins 206 can be welded to the
conduit 202. In such embodiments, a welding process that
provides a high thermal conductivity joint between fins 206
and conduit 202 is preferred. For example, a silver brazing
process can be used to provide a high thermal conductivity
joint.

[0040] InFIGS.2A and 2B, the fins 206 are shown as being
located along surface 208. However, the various embodi-
ments of the invention are not limited in this regard. In other
embodiments, the fins 206 can be located along both surfaces
210 and 208 and thus provide cooling along two surfaces of
unit 200. In such configurations, the fins 206 can be provided
in an alternating arrangement. That is, additional fins cannot
be typically added, as the increased mass of metal leads to
greater heating due to eddy currents and other forces.

[0041] As described above, the conduit 202 and the fins are
disposed in encasement body 204. In the various embodi-
ments of the invention the encasement body 204 is provided
to support and hold in place the various components in cool-
ing unit 202. Further, the encasement body 204 is also con-
figured to provide some electric isolation between the various
portions of the conduit 202 and the fins 206. In the various
embodiments of the invention, the encasement body 204 can
be formed using a variety of non-electrically conductive
materials. For example, in some embodiments an epoxy, resin
or other polymer can be used to form encasement. However,
the various embodiments of the invention are not limited in
this regard and any other types of non-electrically conductive
materials can be used to form encasement body 204. In some
configurations, a material with a relatively high thermal con-
ductivity, but still electrically non-conductive, can be selected
to improve the overall cooling efficiency of the unit 200. For
example, encasement body 204 can be formed from a high
thermal conductivity epoxy or ceramic. For example, high
thermal conductivity ceramics include aluminum oxide or
aluminum nitride.

[0042] As described above, although encasement body 204
can be formed using high thermal conductivity ceramic, high
thermal conductivity epoxy, and/or other high thermal con-
ductivity materials to improve the cooling efficiency of unit
200, such materials can cause that the production of the
cooling unit 200 to be considerably more complex or costly.
Further, such materials are typically more fragile and proneto
damage. Therefore, in some embodiments, rather than form-
ing the entire encasement body 204 from such materials, the
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cooling unit 200 can include one or more thermally conduc-
tive and electrically non-conductive inserts 212 disposed
within encasement body 204, as shown in FIGS. 2A and 2B.
Thus, an outer durable portion is provided by the encasement
body 204 while the inserts 212 provide the higher thermal
conductivity to improve cooling efficiency. As shown in
FIGS. 2A and 2B, the inserts 212 are disposed within the
encasement body 204 in the spaces within the cuboid volume
of'encasement body 204 bounded by fins 206 and/or conduits
202. To provide a high degree of heat transfer, the inserts 212
can be arranged to be in physical and thermal contact with fins
206 and conduits 202. For example, the inserts 212 can be
bonded to fins 206 and/or conduits 202 using a high thermal
conductivity adhesive.

[0043] Asshownin FIGS. 2A and 2B, the cooling unit 200
is substantially planar. That is, the dimensions of surfaces 208
and 210 are significantly larger than the thickness of unit 200.
As a result, during installation or other handling of unit 200,
forces causing deformation of unit 200 will result in a largest
amount of stress at surfaces 208 and 210. Accordingly, if the
portion of encasement body 204 at surfaces 208 and 210 is
sufficiently brittle or otherwise fragile, such stress can result
in damage at surfaces 208 and 210. Accordingly, to further
protect unit 200 from damage, unit 200 can include skins or
films 214 at the upper surface 208 and lower surface 210
which can withstand such stresses. For example, in one
embodiment, the skins can be formed using a layer of fiber-
glass, deformable polymers, or any other deformable and
non-electrically conductive materials having a stiffness less
than a stiffness of the materials comprising encasement body
204. In such cases, materials with a relatively low thermal
conductivity can be used, as the thickness of such layers can
be ~10x less than the total thickness of encasement body 204.
For example, in one configuration, a 0.25 mm layer of fiber-
glass is used to form skins for an ~4 mm thick cooling unit.

[0044] Fluids (gases and/or liquids) are delivered into con-
duit via coolant lines 211 coupled to the ends of conduit 202.
The coolant lines 211 can protrude, at least partially, into
encasement body 204 and connect to the ends of conduit 202.
The connections 216 at ends of conduit 202 and the coolant
lines 211 can be configured to limit the flow and/or formation
of'eddy currents. For example, in the various embodiments of
the invention, the coolant lines 211 are formed from non-
electrically conductive materials, such as polymers or other
non-electrically conductive materials suitable for transport-
ing the cooling fluid. Further, the connections 216 between
coolant lines 211 and conduit 202 can also be arranged to be
electrically isolated from each other. Further, connections can
be provided using low electrical conductivity or non-electri-
cally conductive materials. Additionally, by assembling con-
duit 202, coolant lines 211, and connections 216 prior to
forming the encasement body 204, the materials of the
encasement body 204 seal connections 216 to provide little or
no leakage of cooling fluid.

[0045] In operation, cooling unit 200 works as follows.
First, a coolant is directed, via coolant lines 211, into encase-
ment body 204 and into conduit 202. As a result of cooling
fluid being directed through conduit 202, a temperature gra-
dient is established in unit 200. That is, since the cooling fluid
directly cools the conduit 202 and indirectly cools the fins
206, the inserts, and the body 204, a temperature difference
exists between conduit 202 and other portions of unit. At the
same time, surface 208 is placed in contact with an object
and/or region requiring cooling. The heat in the object and/or
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region then propagates through film 214 and into at least one
of encasement body 204, inserts 212, conduit 202, and fins
206. The resulting temperature gradients then causes heat to
flow from film 214 to conduit 202 and into cooling fluid. In
the case of a conventional conduit disposed in an encasement
body, but without fins or inserts, cooling would occur. How-
ever, the relatively low thermal conductivity would provided
a relatively low cooling efficiency. In contrast, the addition of
fins 206 and inserts 212 provides high thermal conductivity
paths to conduit 202. Thus, cooling efficiency is improved in
the various embodiments of the invention as a result of the
added high thermal conductivity paths.

[0046] Such a configuration of a cooling unit can then be
used for cooling sensor elements in a detection unit. An
exemplary configuration is illustrated with respect to FIGS.
3A and 3B. FIGS. 3A and 3B are perspective and cross-
section views of a detection unit 300, such as PET detection
unit 103 in FIG. 1, including cooling element 200.

[0047] As shown in FIGS. 3A and 3B, the detection unit
300 is configured to have a lower area that features a scintil-
lator crystal 302. Arranged above the crystal 302 are an opti-
cal waveguide 304 and two cooling units 200A and 200A.
However, the various embodiments of the invention are not
limited to two cooling units. Rather one or more cooling units
can beused, depending on the amount of cooling required and
any other factors. Further, the placement of the fins in each of
the cooling units can be selected in accordance with the
number of surfaces to be cooled.

[0048] InFIGS.3A and 3B, each ofunits 200A and 200B is
configured in substantially the same manner as cooling unit
200 described above with respect to FIGS. 2A and 2B. The
coolant line 211 passes through each of the cooling units
200A and 200B at two points, enabling them to be cooled with
coolant provided by at least one coolant delivery device 320
coupled to coolant lines 211. Coolant delivery device 320 can
include one or more pumps, valves, reservoirs, and various
other components for managing the delivery of coolant into a
cooling unit. The crystals 302, the optical waveguides 304
and the two cooling units 200A and 200B can be coupled by
retaining elements 314 extending through contact/retaining
portions 315 of the cooling units 200A and 200B. Not shown
in FIG. 3A are a number of APDs and a number of electronic
components of a signal processing unit arranged between the
cooling units 200A and 200B. This is shown in detail in FIG.
3B.

[0049] As shown in FIG. 3B, disposed between the crystal
302 and the optical waveguide 304 is a connecting or adhesive
layer 301. Attached to the optical waveguide 304 is an inter-
mediate or adhesive layer 303 above which a number of APDs
305 are arranged within a holder 307. The two cooling units
200A and 200B are in turn arranged above the holder 307. A
coolant line 211 runs in two places for each of the cooling
units 200A and 200B, through which the cooling units 200A
and 200E can be supplied with coolant. The coolant line 211
is embodied within the cooling units 200A and 200B such that
coolant coming from the coolant source not shown here ini-
tially flows through the cooling unit 200 A. In the further route
of the coolant line 211 this line carries coolant through the
cooling unit 200B. In this way both the cooling unit 200A and
also the cooling unit 200B can be used for cooling down the
APD 305 by means of a single cooling source. However, the
various embodiments of the invention are not limited in this
regard and more than one cooling source can be used.
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[0050] Disposed between the cooling units 200A and
200B, as well as the holder 307, is a circuit board 309. This
has rigid sections 309a and flexible sections 3095 and can
thus be manufactured in one piece. The circuit board 309 is
equipped with various electronic components 311. It also has
electrical connections 313 to the APD 305. The components
311 located on the different sections 309a are able to be
connected via conductor tracks via the flexible sections. The
connection of the rigid and flexible sections 3094 and 3095
still enables the compact design shown to be implemented
with a comparatively large circuit board surface.

[0051] The electronic components 311 or the board 309 are
arranged, as shown in FIG. 3B, so as to be in thermal contact
with the cooling units 200A and 200B at a number of points.
Consequently these are also cooled by the cooling units 200A
and 200B. Since a part of the circuit board 309 and some of
the components 313 located on it lies between the cooling unit
200A and the holder 307 of the APD 305, there may be no
provision for a direct thermal contact between the APD 305
and the cooling unit 200A. Rather, the thermal conductivity
between the APD 305 via the holder 307, the circuit board 309
and the components 313 and the cooling unit 207 can be
selected (i.e., be sufficiently high) in order to guarantee a
good thermal coupling of the APD 305 to the cooling unit
200A. In some configurations, a thermally conductive foam
orpad can be used between cooling units 200A and 200B and
other components in detection unit 300 to provide an
improved thermal contact.

[0052] In operation, the Gamma radiation is converted by
scintillation into light by the scintillator crystal 302. The
created light is forwarded via the optical waveguide 304 to the
APD 305. These create pulses from the incident light stream
which are passed on via the lines 313 to the circuit board 309
and its components 311. A provisional processing of received
signals can takes place on the circuit board 309. The ampli-
fication of the APD 305 is temperature-dependent, which
would lead to measurement inaccuracies with insufficient
cooling down. Thus, a temperature stabilization in the range
of a few degrees Celsius, preferably less than one degree,
needs to be realized in order to guarantee a smooth operation
of the detection unit 201. Thus, by having good thermal
contact between the cooling unit 200A, the holder 307 of the
APD 305 and board 309 and providing a cooling element
design, as described above with respect to FIGS. 2A and 2B,
an efficient and easy-to-implement cooling of the APD 305
and other components is provided. As a result, the self-heat-
ing of the APD 305 during operation can be more effective
compensated as compared to conventional methods.

[0053] It is worth noting that the compact layout of PET-
MRI systems means that in general there are a number of the
detection devices 300 in the built-in state in the vicinity of
various heat sources. In this case, the gradient coil can plays
significant role in heat. Typically, the temperature of the gra-
dient coil can fluctuate, depending on the operating state,
between around 20 C and 80 C. Thus, the incident heat on the
outside of the detector unit resulting from these temperature
fluctuation can have a significant effect on the operating tem-
perature of the APD 305 and thus on its amplification.
Accordingly, by providing cooling unit 200B between the
gradient coil and the APD 305, the incident heat can be greatly
reduced, as compared to conventional cooling methods. As a
result, a more stable operating behavior for the APD 305 can
be obtained.
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[0054] The exemplary configuration detection unit 300 has
been described generally with respect to a passive cooling
configuration, where no feedback is provided to coolant
delivery system. However, the various embodiments of the
invention are not limited in this regard and active control of
the cooling in detection unit 300. That is, temperature sensors
can be used to determine the temperature of one or more
components in unit 300. For example, a thermocouple (not
shown) or other temperature sensing device can be embedded
or inserted into 300. The output of these sensors can then be
provided to a controller 322. The controller 322 can then
adjust the temperature and/or flow of the fluid from coolant
delivery system 320 to increase the amount of cooling in
detection unit.

[0055] In the exemplary embodiment shown in FIGS. 2A
and 2B, the conduit 202 and the fins 206 are disposed in
encasement body 204 in an inward arrangement. That is, the
fins 206 extend towards a central axis of encasement body
204. However, the various embodiments of the invention are
not limited in this regard. Rather, a cooling unitin accordance
with the various embodiments can also include an outward
configuration of fins. This is illustrated with respect to FI1G. 4.
[0056] FIG. 4 is a cross-section of a cooling unit 400 in
accordance with another embodiment of the invention. For
illustrative purposes, cooling unit 400 includes substantially
the same components as cooling unit 200. That is, cooling
unit400 includes a conduit 402, encasement body 404 with an
upper surface 408 and a lower surface 410, fins 406, films
414, and optionally inserts 412. Thus, the description above
for components 202-214 is sufficient for purposes of describ-
ing components 402-414 in FIG. 4. However, unlike unit 200,
the cooling unit 400 is configured in an outward configura-
tion. That is, the conduit 402 extends at or near a central axis
of'the cooling unit and separated by a spacing 420, where the
spacing 420 is filled by the encasement body 404. In such a
configuration, the fins 404 are configured to extend tangen-
tially from conduit 402 and along upper surfaces 208 of
cooling unit away from the central axis X of encasement 404.
[0057] Although the configurations of units 200 and 400
can provide substantial cooling in a PET-MRI system, such
configurations are prone to damage due to temperature-in-
duced bi-material effects. Temperature-induced bi-material
effects occur when a laminate is formed consisting of two or
more layers of materials and each of the layers has a different
coefficient of thermal expansion. Thus, when a change in
temperature occurs, each layer expands differently. For
example, in the case of a laminate consisting of two layers, the
first layer will expand more that the second layer. This can
result in a non-zero stress being induced in the laminate by the
difference in expansion and deformation of the laminate and
possible damage to the laminate. Further, if a third layer is
disposed between two such dissimilar layers, this third layer
will be subject to a non-zero stress, possibly damaging the
third layer.

[0058] Inthe configuration in units 200 and 400, such dam-
age is possible at the fins. In particular, as shown in FIG. 2B,
the unit forms a laminate consisting the ceramic insert, fins,
and the epoxy forming the encasement body. As the ceramic
insert and the epoxy will likely have different coefficients of
thermal expansion, the ceramic insert and the epoxy will
expand at different rates as temperature varies. As a result, a
net stress is applied to the fins, causing deformation and
possible damage to the fins and the cooling unit. Accordingly,
in some embodiments of the invention, the position of the fins
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and/or inserts can be adjusted to reduce or eliminate such
bi-material effects. Such a configuration is illustrated in
FIGS. 5A-5E.

[0059] FIGS. 5A-5E show various views of a cooling unit
500 in accordance with another embodiment of the invention.
FIG. 5A is a perspective view of cooling unit 500. FIG. 5B is
a cross-section view of cooling unit 500 along cutline B-B in
FIG. 5A. FIG. 5C is a schematic of the conduit 502 and fins
506 in cooling unit 500. FIG. 5D is a close-up view of section
D of FIG. 5C. FIG. 5E is a close-up view of section E of FIG.
5A.

[0060] For illustrative purposes, cooling unit 500 also
includes substantially the same components as cooling units
200 and 400. That is, cooling unit 500 includes a conduit 502,
encasement body 504 with an upper surface 508 and a lower
surface 510, fins 506, films 514, and optionally inserts 512.
Thus, the description above for components 202-214 and
components 402-414 is sufficient for purposes of describing
components 502-514 in FIG. 4. Like unit 400, the cooling unit
500 is configured in an outward configuration. That is, the
conduit 502 extends at or near a central axis of the cooling unit
500, separated by a spacing 520. The fins 506 are configured
to extend from conduit 502 away from the central axis X of
encasement body 504. However, in contrast to units 200 and
400, the fins 506 extend along a plane that is substantially
equidistant from surfaces 508 and 510. As a result, when unit
500 is fully assembled, the components above and below fins
506 are symmetrically arranged. For example, in the case of
unit 500, inserts 512 of approximately the same thickness and
composition are provided on both sides of fins 506. In the
absence of such inserts, the encasement body 504 would be of
substantially the same thickness on both sides of fins 506. In
either case, since the fins 504 have the same layers of material
and the thickness of these layers on both sides is the same,
these layers will deform in approximately the same way.
Thus, these layer will apply substantially the same amount of
force to the fins, but in opposing directions. As a result, these
forces are balances and the net stress on the fins is zero.
Accordingly, damage to the unit is minimized.

[0061] Inthe configuration illustrated in FIG. 3 the cooling
units 200A and 200B are attached to the remainder of unit 300
via a plurality of retaining elements 314 extending through
contact/retaining portions 315. As shown in FIG. 3, the por-
tions 315 extend substantially perpendicular to the upper and
lower surfaces of each of cooling units 200A and 200B
through contact portions of the cooling units. However, the
various embodiments are not limited in this regard. For
example, in the configuration illustrated in FIGS. 5A-5E, the
unit 500 further includes contact/retaining portions 522 on
side surfaces of cooling unit 500 (i.e., perpendicular to the
surfaces 508 and 510) and disposed along the length thereof.
Accordingly, other components of a detection unit to be
cooled by cooling unit 500 can be attached thereto. Addition-
ally, the position of contact/retaining portions 314 or 522 can
be selected so to minimize the dimensions of an encasement
body. For example, as shown in FIG. 5E, the positions con-
tact/retaining portions 522 can be selected to coincide with a
position of a slot or spacing between fins. Accordingly, no
additional volume of'encasement body 504 would be required
to provide such portions.

[0062] Insomeembodiments, to provide further strength to
a cooling unit, one or more support frames can be attached to
the encasement body. For example, as shown in FIG. 5E,
support frames 524 are attached along the length of encase-
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ment body 504. Such support frames can be used to provide
additional beam or load strength, particularly in the case of
cooling units that extend in a longitudinal direction, such as
cooling unit 500. To prevent any additional heating, such
frames can also be fabricated from high strength non-electri-
cally conductive materials.

[0063] Although, the various embodiments have been
described herein with respect to a PET-MRI system, the
advantages of the invention described can also be used in
other circuit arrangements. For example, the precise location
of'the circuit board 309 and its components 311 are not of any
great significance. They could also be cooled by another
cooling unit with greater effort. The compact layout however
has advantages as have been described above.

[0064] Portions of the system 100 and supporting compo-
nents can take the form of hardware elements, software ele-
ments or elements containing both hardware and software. In
one embodiment, the software portions can include, but are
not limited to, firmware, resident software, microcode, etc.
Furthermore, these software portions can take the form of a
computer program product accessible from a computer-us-
able or computer-readable medium providing program code
for use by or in connection with a computer or any instruction
execution system. For the purposes of this description, a
computer-usable or computer readable medium can be any
apparatus that can contain, store, communicate, propagate, or
transport the program for use by or in connection with the
instruction execution system, apparatus, or device. The
medium can be an electronic, magnetic, optical, electromag-
netic, infrared, or semiconductor system (or apparatus or
device) or a propagation medium (though propagation medi-
ums in and of themselves as signal carriers are not included in
the definition of physical computer-readable medium).
Examples of a physical computer-readable medium include a
semiconductor or solid state memory, magnetic tape, a
removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a rigid magnetic disk
and an optical disk. Current examples of optical disks include
compact disk—read only memory (CD-ROM), compact
disk—read/write (CD-R/W) and DVD. Both processors and
program code for implementing each as aspect of the system
can be centralized or distributed (or a combination thereof) as
known to those skilled in the art.

[0065] A data processing system suitable for storing pro-
gram code and for executing program code, which can be
implemented in any of the above-referenced devices
described herein, can include at least one processor coupled
directly or indirectly to memory elements through a system
bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage, and cache memories that provide temporary storage
of at least some program code in order to reduce the number
of times code must be retrieved from bulk storage during
execution. /O devices (including but not limited to key-
boards, displays, pointing devices, etc.) can be coupled to the
system either directly or through intervening I/O controllers.
[0066] Applicants present certain theoretical aspects above
that are believed to be accurate that appear to explain obser-
vations made regarding embodiments of the invention. How-
ever, embodiments of the invention may be practiced without
the theoretical aspects presented. Moreover, the theoretical
aspects are presented with the understanding that Applicants
do not seek to be bound by the theory presented.
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[0067] Whilevarious embodiments of the present invention
have been described above, it should be understood that they
have been presented by way of example only, and not limita-
tion. Numerous changes to the disclosed embodiments can be
made in accordance with the disclosure herein without
departing from the spirit or scope of the invention. Other
configurations are also possible. Thus, the breadth and scope
of the present invention should not be limited by any of the
above described embodiments. Rather, the scope of the inven-
tion should be defined in accordance with the following
claims and their equivalents.

[0068] Although the invention has been illustrated and
described with respect to one or more implementations,
equivalent alterations and modifications will occur to others
skilled in the art upon the reading and understanding of this
specification and the annexed drawings. In addition, while a
particular feature of the invention may have been disclosed
with respect to only one of several implementations, such
feature may be combined with one or more other features of
the other implementations as may be desired and advanta-
geous for any given or particular application.

[0069] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
Furthermore, to the extent that the terms “including”,
“includes”, “having”, “has”, “with”, or variants therecof are
used in either the detailed description and/or the claims, such
terms are intended to be inclusive in a manner similar to the
term “‘comprising.”

[0070] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

What is claimed is:

1. An apparatus operating in a magnetic field, comprising:

an encasement body comprising a non-electrically conduc-

tive composition and defining first and second opposing
planar surfaces;

a metal conduit disposed in the encasement body substan-

tially parallel to the first surface;

a series of metal fins disposed in the encasement body and

extending from the conduit within the encasement body.

2. The apparatus of claim 1, wherein the metal fins are
substantially parallel to the first surface.

3. The apparatus of claim 1 further comprising:

one or more non-electrically conductive inserts disposed in

aportion ofthe encasement body between one of the first
and second surfaces and one or more of the metals fins,
the inserts having a thermal conductivity greater than a
thermal conductivity of the encasement body.

4. The apparatus of claim 3, wherein the encasement body
comprises an epoxy and each of the inserts comprises a
ceramic.

5. The apparatus of claim 1, wherein the fins extend in a
plane substantially parallel and equidistant to the first and
second planes.
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6. The apparatus of claim 1, further comprising a film
disposed on the each of'the first and second surfaces, wherein
a stiffness of the film is less than a stiffness of the encasement
body.

7. The apparatus of claim 6, wherein the encasement body
comprises an epoxy and the film comprises a fiberglass.

8. The apparatus of claim 1, wherein a composition of the
metal conduit and the metal fins comprises a copper-compris-
ing composition.

9. The apparatus of claim 1, further comprising:

a first connector disposed in the encasement body at a first

end of the metal conduit; and

a second connector disposed in the encasement body at a
second end of the metal conduit; and

first and second coolant lines coupled to the first and sec-
ond connectors and extending out of the encasement
body.

10. The apparatus of claim 1, wherein the fins are adjacent

to the first planar surface.

11. A detection device, comprising:

at least one cooling unit comprising an encasement body of
a non-electrically conductive composition and defining
a first and second opposing planar surfaces of the cool-
ing unit, a metal conduit disposed in the encasement
body substantially parallel to the first surface, and a
series of metal fins disposed in the encasement body and
extending from the conduit substantially parallel to the
first surface;

a coolant delivery device coupled to the metal conduit and
configured for directing a cooling fluid through the
metal conduit;

at least one detector unit in thermal contact with the cooling
unit.

12. The detection device of claim 11, wherein the at least
one detector unit comprises a Positron Emission Tomography
detector (PET detector).

13. The detection device of claim 12, wherein the PET
detector comprises at least one Avalanche Photo Diode
(APD).

14. The detection device of claim 11, further comprising:

one or more non-electrically conductive inserts disposed in
aportion ofthe encasement body between one of the first
and second surfaces and one or more of the metals fins,
the inserts having a thermal conductivity greater than a
thermal conductivity of the encasement body.

15. The detection device of claim 11, wherein the fins
extend in a plane substantially parallel and equidistant to the
first and second planes.

16. The detection device of claim 11, further comprising a
film disposed on the each of the first and second surfaces,
wherein a stiffness of the film is less than a stiffhess of the
encasement body.

17. The detection device of claim 11, further comprising:

a first connector disposed in the encasement body at a first
end of the metal conduit; and
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a second connector disposed in the encasement body at a
second end of the metal conduit; and

first and second coolant lines coupled to the first and sec-
ond connectors and extending out of the encasement
body.

18. An a cooling unit for a sensor in a magnetic field,

comprising:

an encasement body comprising a non-electrically conduc-
tive composition and defining first and second opposing
planar surfaces;

a metal conduit disposed in the encasement body substan-
tially parallel to the first surface;

a series of metal fins disposed in the encasement body and
extending from the conduit in a plane substantially par-
allel and equidistant to the first and second planes; and

a coolant delivery device coupled to the metal conduit and
configured for directing a cooling fluid through the
metal conduit.

19. The cooling unit of claim 18, further comprising a
controller for controlling the coolant delivery device, wherein
the controller is configured for monitoring a temperature at
the sensor and adjusting at least one of a temperature or a flow
rate of the cooling fluid in response to a change in the tem-
perature at the sensor.

20. The cooling unit of claim 18, further comprising:

one or more non-electrically conductive inserts disposed in
a portion of the encasement body between the first and
second surfaces and one or more of the metals fins, the
inserts having a thermal conductivity greater than a ther-
mal conductivity of the encasement body.

21. The cooling unit of claim 18, further comprising a film
disposed on the each of the first and second surfaces, wherein
a stiffness of the film is less than a stiffness of the encasement
body.

22. The cooling unit of claim 18, further comprising:

a first connector disposed in the encasement body at a first

end of the metal conduit; and

a second connector disposed in the encasement body at a
second end of the metal conduit; and

first and second coolant lines coupled to the first and sec-
ond connectors and coupled to the coolant delivery
device.

23. A cooling unit for a sensor in a magnetic field, com-

prising:

a planar metal conduit defining a first plane;

a series of metal fins extending for the planar metal con-
duit, the series of fins extending primarly in a direction
parallel to the first plane; and

one or more non-electrically conductive portions in physi-
cal and thermal contact with at least the series of fins, the
non-electrically conductive portions configured to at
least partially fill a minimum cuboid volume defined by
the planar metal conduit and the series of fins.

24. The cooling unit of claim 22, wherein the fins are

substantially parallel to the first plane.
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