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PORTABLE ULTRASOUND IMAGING
SYSTEM WITH ACTIVE COOLING

TECHNICAL FIELD

[0001] The disclosed technology relates generally to ultra-
sound imaging systems and in particular to portable ultra-
sound imaging systems.

BACKGROUND

[0002] As will be appreciated by those skilled in the art,
most modern ultrasound imaging systems work by creating
acoustic signals from a transducer having a number of
individual transducer elements that are formed in a sheet of
piezoelectric material. By applying a voltage pulse across an
element, the element is physically deformed thereby causing
a corresponding ultrasound signal to be generated. The
signal travels into a region of interest where a portion of the
signal is reflected back to the transducer as an echo signal.
When an echo signal impinges upon a transducer element,
the element is vibrated causing a change in the voltage
across the element that is detected as an electronic signal.
Electronic signals from multiple transducer elements are
combined and analyzed to determine characteristics of the
combined signal such as its amplitude, frequency, phase
shift, power and the like. The characteristics are quantified
and converted into pixel data that is used to create an image
of the region of interest.

[0003] As the processing power of integrated circuits has
steadily increased, the sizes of electronic devices have
correspondingly decreased. Ultrasound imaging systems are
now being sold in form factors as small as hand-held smart
phones and tablet computers. While the size of the devices
is convenient, there is less room to dissipate the heat
generated by the electronics. The processing power required
to provide a full featured ultrasound imaging system gen-
erates a significant amount of heat. There are federal guide-
lines for how hot a consumer medical device can get during
use. While various methods have been proposed to reduce
the heating, improvements can be made.

SUMMARY

[0004] To address these and other concerns, the technol-
ogy disclosed herein is directed to a portable ultrasound
imaging system with built-in active cooling to remove heat
that is generated by the electronic components during use. In
the disclosed embodiments, the ultrasound imaging system
is built on a thermally conductive frame having a sealed
interior plenum with an input port and one or more output
ports. Electronic components of the imaging system are
thermally coupled to the outer surfaces of the plenum and a
fan moves air through the interior of the plenum between the
input port and the one or more output ports.

[0005] In some embodiments, one or more of the interior
surfaces of the plenum include cooling fins to aid in dissi-
pating heat from the electronic components. The plenum is
environmentally sealed so that liquids and dust that enter the
plenum are prevented from coming into contact with the
electronic components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates a top isometric view of a ther-
mally conductive frame in accordance with an embodiment
of the disclosed technology;
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[0007] FIG. 2 illustrates a bottom isometric view of the
thermally conductive frame in accordance with an embodi-
ment of the disclosed technology;

[0008] FIG. 3 illustrates a cover plate placed over an
interior portion of the thermally conductive frame to define
a plenum in accordance with an embodiment of the dis-
closed technology:;

[0009] FIG. 4 illustrates a printed circuit board having one
or more electronic components that are thermally coupled to
an exterior surface of the plenum in the thermally conduc-
tive frame in accordance with an embodiment of the dis-
closed technology:;

[0010] FIG. 5 illustrates how an electronic display screen
is joined to the thermally conductive frame in accordance
with an embodiment of the disclosed technology;

[0011] FIG. 6 shows the electronic display joined to the
thermally conductive frame in accordance with an embodi-
ment of the disclosed technology;

[0012] FIG. 7 illustrates an outer housing that fits around
the perimeter of the thermally conductive frame in accor-
dance with an embodiment of the disclosed technology; and
[0013] FIG. 8 shows a bottom view of the housing and a
battery compartment that are secured to the thermally con-
ductive frame in accordance with an embodiment of the
disclosed technology.

DETAILED DESCRIPTION

[0014] As indicated above, one of the problems with
ultra-portable ultrasound imaging systems is being able to
dissipate the heat that is generated by the electronic com-
ponents when the system is operating. To address this issue,
one embodiment of the disclosed technology utilizes a
thermally conductive frame as shown in FIG. 1 to support
the electronics and a display screen. The thermally conduc-
tive frame 10 is preferably machined or cast from a ther-
mally conductive material such as a metal (e.g. aluminum or
copper etc.) but could also be made from a thermally
conductive plastic material such as CoolPoly® materials
made by the Celanese Corp.

[0015] In one embodiment, the thermally conductive
frame 10 is generally rectangular in shape with an outer rim
12 surrounding its perimeter. The outer rim 12 includes a
number of apertures 14a, 145 that extend through the rim
and align with various electrical connectors and controls in
imaging system (e.g. USB port, audio port, power connec-
tion port, ultrasound imaging probe port, on/off switch,
volume controls etc.).

[0016] The thermally conductive frame has a plenum 20 in
the interior of the conductive frame that is defined as a space
or gap between a lower portion 24 and an upper portion 26
in the frame 10. The purpose of the plenum is to keep outside
air, dust and water or other contaminants from coming in
contact with the electronics and hence keep the unit envi-
ronmentally sealed/ingress protected. In the embodiment
shown, the upper portion 26 has a recessed lip 28 extending
around a perimeter of the top of the plenum on the interior
of the rim 12. The lip 28 is configured to receive a cover
(shown in FIG. 3) that operates to seal the plenum 20 so that
liquids, dust or other contaminants within the plerum cannot
migrate from within the plenum into the remaining areas of
the frame 10. In one embodiment, the plenum 20 is made
without the cover in place so that the conductive frame 10
can be molded or machined. In some embodiments, one or
more interior surfaces of the plenum have a number of
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cooling fins 30 or other heat dissipating structures that
increase the surface area over which cooling air passes and
therefore facilitates heat transfer. In some embodiments, the
cooling fins 30 may be aligned with electrical components
drawing the highest amounts of power.

[0017] In the embodiment shown, the rim 12 of the
conductive frame 10 includes a number of apertures that
open into the interior of the plenum. A pair of ports 42, 44
on opposite sides of the rim 12 define output ports of the
plenum that vent air that is moved through the plenum as
will be described below.

[0018] As best shown in FIG. 2, the frame 10 has a pocket
50 formed therein that receives an active cooling mechanism
such as a horizontally spinning fan (blower fan) (not shown).
In some embodiments, the active cooling mechanism can be
ingress protected. For example, a DC brushless blower type
fan no. BFBO405SHHA-TZP4 from Delta Electronics of
Thailand has an ingress protection rating of IP55. In some
embodiments, the ingress protection rating of the active
cooling mechanism exceeds the ingress protection rating of
the overall ultrasound system. In other embodiments, the
ingress protection rating of the active cooling mechanism is
less than or equal to the ingress protection rating of the
overall ultrasound system. In one embodiment, a funnel
portion 52 directs air in a unilateral direction from an input
port 54 towards the output ports 42,44 of the plenum. When
the fan is in the pocket 50 and is operated, air is moved
through the input port 54 into the funnel portion 52 and into
the distal area of the plenum. In another embodiment, the
funnel portion 52 directs air in the other direction from the
pair of ports 42, 44 towards the port 54. It is generally
desirable to position the electronic components that draw the
most power near the location where cool air is drawn into the
plenum to increase the cooling effect. Therefore, the direc-
tion of airflow is largely determined by where these com-
ponents are placed in the frame 10. A number of cylindrical
projections 60 are molded into the frame 10 to form bosses
for securing a printed circuit board (not shown) to the
underside of the thermally conductive frame 10 with fas-
teners such as machine screws.

[0019] FIG. 3 illustrates how a cover 70 is secured in the
recess 28 in the upper portion 26 of the plenum to seal the
interior of the plenum. In some embodiments, the cover 70
is secured to the recess 28 with a water and dustproof seal
72 such as closed cell foam having an adhesive thereon in
order to seal the interior of the plenum from the remainder
of the frame. Liquids, dust or other contaminants in the
plenum 20 cannot migrate though the seal 72 and into the
other areas of the frame. In the embodiment shown, the
plenum is necked down or has a smaller width in an area 74
(see FIG. 1) that is adjacent to the fan compared with the
area of the plenum near the exhaust ports 42, 44. Air is
moved faster in this necked down area 74 due to the reduced
cross sectional area. In some embodiments, the interior
surface (not shown) of the cover 70 includes cooling fins or
other heat dissipating structures to increase the surface area
of the cover and facilitate heat transfer through convection.
In some embodiments, a relationship may exist where the
distance from the input ports to the output ports ensures a
minimum temperature drop of the system as the active
cooling mechanism is operating. In further embodiments,
there may be a temperature gradient from the necked area 74
of the plenum to the exhaust ports 42/44. The cover 70 is
also made of a thermally conductive material such as
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aluminum so that heat generating components placed near
the cover 70 or otherwise thermally connected to the cover
70 will transfer heat into the cover to be removed by air
moving through the plenum.

[0020] FIG. 4 shows a printed circuit board 80 that is
mounted to the underside of the thermally conductive frame
10. The printed circuit board can be a single or double-sided
circuit board having a number of electronic components
mounted thereon (e.g. processors, DSPs, GPU’s, CPU’s,
FPGA’s, T/X-R/X ASICs, amplifiers, ND converters, volt-
age control circuits etc.) To remove the heat that is generated
by these components, at least some of the components are
thermally coupled directly or indirectly to the exterior
surface portions of the plenum. Thermal coupling may be
accomplished by placing the components adjacent to the
exterior surface of the plenum or by placing a thermally
conductive material (e.g. heat conductive pads, thermal
grease) between the circuits the plenum.

[0021] In the view shown in FIG. 4, the underside of the
frame 10 is shown facing up. Therefore, the electronic
components on the top surface (not shown) of the printed
circuit board 80 are thermally coupled to the bottom portion
24 or outer of the plenum. Heat from these circuits is
absorbed into the thermally conductive bottom portion 24
and is removed by air that is moved by the fan 90 through
the plenum. FIG. 4 shows one air path where air is drawn
into the center area of a cooling fan 90 and is forced into the
funnel area 52 (see FIG. 2) of the plenum before being
expelled from the one or more exhaust ports 42, 44 on the
sides of the frame 10.

[0022] Because the frame 10 is made of a thermally
conductive material such as aluminum, it can absorb heat
from other components from the ultrasound imaging system
in addition to heat from those components that are directly
adjacent to the top and bottom portions of the plenum. Heat
transferred into the conductive frame 10 from these com-
ponents can also be removed by the air that is moved by the
fan 90. As will be appreciated, by having the sealed plenum
20 in the central portion of the frame 10, the plenum is able
to remove heat that is generated by components that are
positioned above and below the plenum. Components that
generate more heat than others in the imaging system are
preferably positioned near the necked down area 74 of the
plenum that is close to the fan 90. This area of the plenum
can provide the most heat transfer because the air that is
moved by the fan 90 from the input port 54 to the exhaust
ports 42/44 has a lower temperature as it enters the plenum
and because it is moving faster due to the reduced cross
sectional area of the plenum. In one embodiment, the
electronic components placed in the necked down area 74 of
the plenum draw approximately 4 watts or about '3 of the
total power draw of the entire ultrasound imaging system. It
is expected that with the thermally conductive frame 10
made of aluminum and the plenum configured as shown and
described will operate in conjunction with a fan 90 that can
move 3 cubic feet of air/minute to limit the maximum
temperature rise of the ultrasound imaging system to 6-8
degrees C.

[0023] FIG. 5 shows a display screen 100 that is secured
to the top of the thermally conductive frame 10. An adhesive
gasket 110 is positioned between the display screen 100 and
the frame to form a liquid/dust resistant seal and bond
around the perimeter of the display screen. In one embodi-
ment, the display screen comprises a touch sensitive, active
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LED color screen that generates heat during use. Heat from
the screen 110 is transferred to the top portion 26 and cover
70 of the plenum and is removed by the air that is moved
through the plenum by the fan 90. FIG. 6 shows the frame
10 with the display screen 100 in place. A bezel surrounding
the rim of the frame 10 protects the edges of the display 100.
[0024] FIGS. 7 and 8 show a housing 140 that is secured
to thermally conductive frame 10. The housing includes a
loop that is spaced from the conductive frame to define a
handle 150 for the ultrasound imaging system. The housing
surrounds the rim 12 of the frame 10 to protect the compo-
nents in the frame and includes a battery compartment 160.
In the embodiment shown, a user can grasp the handle 150
to hold the ultrasound imaging system. In addition, the user
can insert their hand though the opening between the frame
and the handle 150 such that their fingertips curl around a
battery compartment 160 that is formed in the underside of
the housing 140 in order to balance the ultrasound imaging
system during hand-held use. Corner bumpers 170 in the
housing 140 protect the corners of the frame 10 from
potential damage if the unit is dropped on its edge. In
addition, in the embodiment shown, the corner bumpers 170
include posts or pins to which a neck strap (not shown) can
be clipped so that a user can carry the ultrasound imaging
system around their neck or over their shoulder. One or more
gaskets are positioned between the housing and the frame
and between the apertures in the frame 10 and corresponding
apertures in the housing 140 to prevent liquid or contami-
nants from getting in between any space between the hous-
ing 140 and the frame 10. The gaskets around the input/
output air ports make a seal and hence isolate the plenum
area from the electronics area to prevent the ingress of air,
dust or water or other contaminants. This makes the unit
environmentally sealed or ingress protected and still allows
heat transfer with the help of active cooling.

[0025] FIG. 8 shows a bottom view of the housing 140
with a battery back 180 removed from the battery compart-
ment 160. Batteries are replaceable and/or rechargeable so
the ultrasound imaging system can be operated without a
constant source of electrical power. The batteries themselves
include a seal such that when they are inserted, they form an
environmental seal around the housing and hence prevent
air, dust or water to enter the unit. Also shown, the back side
of the housing 140 includes a threaded mounting hole 200
that allows the ultrasound imaging system to be secured to
a tripod or other support. A grill 210 covers the intake to the
cooling fan described above to prevent access to the blades
of the fan 90.

[0026] Although the disclosed technology has been
described with respect to the preferred embodiments, it will
be appreciated that changes can be made without departing
from the scope of the invention. For example, although one
fan is shown in the described embodiment, there could be
more than one fan to provide the active cooling by moving
air through the plenum. Therefore, the scope of the invention
is to be determined by the following claims and equivalents
thereof.

1. An ultrasound imaging system, comprising:

a frame made from a heat conductive material having a
bottom portion with an interior surface and an exterior
surface and a top portion with an interior surface and an
exterior surface such that when the top portion is joined
to the bottom portion, the interior surfaces of the top
and bottom portions are spaced apart to define a plenum
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within an interior of the frame that includes an input
port and one or more output ports;

a fan secured to the frame that is configured to move air
through the plenum of the frame from the input port to
the one or more output ports; and

circuitry that is thermally coupled to the exterior surfaces
of the top and bottom portions of the frame such that
heat generated by the circuitry is removed by air
flowing through the plenum in the interior of the frame,
the plenum being environmentally sealed to keep con-
taminants from coming into contact with the circuitry
when air is flowing through the plenum.

2. The ultrasound imaging system of claim 1, wherein the
interior surface of one or more of the top and bottom
portions include cooling fins.

3. The ultrasound imaging system of claim 1, wherein the
top portion is sealed with the bottom portion of the frame.

4. The ultrasound imaging system of claim 1, wherein the
plenum is narrowed in an area proximal to the fan.

5. The ultrasound imaging system of claim 1, wherein the
frame includes two output ports exiting on opposite sides of
the frame.

6. The ultrasound imaging system of claim 1, further
comprising a housing surrounding the frame.

7. The ultrasound imaging system of claim 1, wherein the
electronics include a display positioned adjacent to the
exterior surface of the top portion of the frame.

8. The ultrasound imaging system of claim 1, wherein the
plenum includes a funnel area that channels air from an input
port adjacent to the fan to the plenum, wherein the circuitry
includes circuit elements that draw more power than other
circuit elements and one or more of the circuit elements that
draw more power are located closer to the funnel area than
the other circuit elements that draw less power.

9. The ultrasound imaging system of claim 1, wherein air
flows in a unilateral direction in the plenum.

10. The ultrasound imaging system of claim 2, wherein
the circuitry includes circuit elements that draw more power
than other circuit elements and one or more of the circuit
elements that draw more power are placed adjacent to the
cooling fins.

11. The ultrasound imaging system of claim 1, wherein
the plenum and the fan are configured to limit a maximum
temperature rise in the heat conductive frame to 6-8 degrees
C.

12. An ultrasound imaging system including:

a frame having a display and circuitry mounted thereon
that are sealed with the frame so that the ultrasound
imaging system is environmentally sealed;

one or more fans to provide active cooling for the ultra-
sound system; and

a chamber within the frame through which air moved by
the one or more fans is passed, wherein the chamber
includes external surfaces that are thermally coupled to
the display and circuitry and an interior portion of the
chamber is environmentally sealed to keep contami-
nants flowing through the chamber from coming into
contact with the circuitry and the display.

13. The ultrasound imaging system of claim 12, the frame
is made of a thermally conductive material and the chamber
is defined by an enclosed space within the thermally con-
ductive frame that is sealed except for one or more openings
to allow air to be moved through the chamber.
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14. The ultrasound imaging system of claim 13, wherein
the chamber includes two output ports exiting on opposite
sides of the frame.

15. The ultrasound imaging system of claim 12, further
comprising a housing surrounding the frame that seals the
circuitry inside the frame.

16. The ultrasound imaging system of claim 12, wherein
the display is positioned adjacent to an exterior upper
surface of the chamber.

17. The ultrasound imaging system of claim 12, wherein
the chamber includes a funnel area that channels air from an
input port in the chamber.

18. The ultrasound imaging system of claim 12, wherein
the one or more fans are ingress protected.

19. The ultrasound imaging system of claim 12, wherein
the chamber and the one or more fans are configured to limit
a maximum temperature rise in the frame to 6-8 degrees C.
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