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(54) RF thermal fuse

(57) Certain aspects are directed to a thermal fuse
for preventing overheating of RF devices in a telecom-
munication system. The RF thermal fuse includes a body,
a conductive bolt, and a driving mechanism. The body
can be positioned on a transmission line between an RF
signal source and an RF device. The conductive bolt is
positioned in the body. The conductive bolt has a length
sufficient to provide impedance at a point of protection

on the transmission line in response to the conductive
bolt contacting a live conductor of the transmission line.
The impedance is sufficient to reflect a portion of the in-
cident power of an RF signal from the RF source. The
driving mechanism can cause the conductive bolt to con-
tact the live conductor in response to a temperature at
or near the point of protection axceeding a threshold tem-
perature.
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Description

Technical Field

[0001] The present invention relates generally to tele-
communications systems and more particularly (al-
though not necessarily exclusively) to thermal fuses for
preventing overheating of RF devices in a telecommuni-
cation system.

Background

[0002] The power of a signal received by a telecom-
munications device in a telecommunications system can
cause the temperature of the telecommunications device
to increase. A telecommunications device can include a
cooling mechanism that can maintain the temperature of
internal components of the telecommunications device
such that the internal components are not damaged by
heat. An example of a cooling mechanism can include a
forced airflow provided by a cooling fan.
[0003] A cooling mechanism such as a cooling fan can
be powered by a power source in the telecommunications
device. Deficiencies in the power source can cause pow-
er to cease being provided to the cooling mechanism.
Deficiencies in the power source can include (but are not
limited to) a defective power supply, a switching off of
the power source, an over-current fuse trip, etc. The loss
of power to the cooling mechanism can cause the RF
termination device or other components of the telecom-
munications device to increase in temperature such that
the components will be overstrained, defective, and/or
dangerous to touch.

Summary

[0004] Certain aspects and features of the present in-
vention are directed to thermal fuses for preventing over-
heating of RF devices in a telecommunication system.
[0005] In one aspect, an RF thermal fuse is provided.
The RF thermal fuse includes a body, a conductive bolt,
and a driving mechanism. The body can be positioned
on a transmission line between an RF signal source and
an RF device. The conductive bolt is positioned in the
body. The conductive bolt has a length sufficient to pro-
vide impedance at a point of protection on the transmis-
sion line in response to the conductive bolt contacting a
live conductor of the transmission line. The impedance
is sufficient to reflect a portion of the incident power of
an RF signal from the RF source. The driving mechanism
can cause the conductive bolt to contact the live conduc-
tor in response to a temperature at or near the point of
protection exceeding a threshold temperature.
[0006] In another aspect, a thermal protection system
is provided. The thermal protection system includes mul-
tiple RF fuses. Each RF fuse includes a body, a conduc-
tive bolt, and a driving mechanism. The body can be po-
sitioned on a transmission line between an RF signal

source and an RF device. The conductive bolt is posi-
tioned in the body. The conductive bolt has a length suf-
ficient to provide impedance at a point of protection on
the transmission line in response to the conductive bolt
contacting a live conductor of the transmission line. The
driving mechanism can cause the conductive bolt to con-
tact the live conductor in response to a temperature at
or near the point of protection exceeding a threshold tem-
perature. The RF thermal fuses are positioned on the
transmission line at intervals such that the RF thermal
fuses provide a combined impedance that is sufficient to
reflect a portion of the incident power of an RF signal in
a predetermined frequency band from the RF signal
source.
[0007] In another aspect, a system is provided. The
system includes and RF device in communication with
an RF signal source via a transmission line and an RF
thermal fuse positioned on the transmission line. The RF
thermal fuse includes a body, a conductive bolt, and a
driving mechanism. The body can be positioned on the
transmission line between the RF signal source and the
RF device. The conductive bolt is positioned in the body.
The conductive bolt has a length sufficient to provide im-
pedance at a point of protection on the transmission line
in response to the conductive bolt contacting a live con-
ductor of the transmission line. The impedance is suffi-
cient to reflect a portion of the incident power of an RF
signal from the RF source. The driving mechanism can
cause the conductive bolt to contact the live conductor
in response to a temperature at or near the point of pro-
tection exceeding a threshold temperature.

Brief Description of the Drawings

[0008] Fig. 1 is a block diagram of an example RF ther-
mal fuse positioned along a transmission line between a
base station and an RF device according to one aspect.
[0009] Fig. 2 is a cross-sectional side view of an irre-
versible RF thermal fuse positioned along a transmission
line according to one aspect.
[0010] Fig. 3 is a cross-sectional side view of the irre-
versible RF thermal fuse creating a short circuit in a trans-
mission line according to one aspect.
[0011] Fig. 4 is a block diagram of an alternative ex-
ample RF thermal fuse positioned along a transmission
line between a base station and an RF device according
to one aspect.
[0012] Fig. 5 is a cross-sectional side view of a revers-
ible RF thermal fuse positioned along a transmission line
according to one aspect.
[0013] Fig. 6 is a cross-sectional side view of the re-
versible RF thermal fuse creating a short circuit in a trans-
mission line according to one aspect.
[0014] Fig. 7 is a side view of a reversible RF thermal
fuse with a steering ring according to one aspect.
[0015] Fig. 8 is a cross-sectional side view of a revers-
ible RF thermal fuse with a steering ring positioned along
a transmission line according to one aspect.
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[0016] Fig. 9 is a cross-sectional side view of a revers-
ible RF thermal fuse with a steering ring creating a short
circuit in a transmission line according to one aspect.
[0017] Fig. 10 is a cross-sectional side view of a re-
versible RF thermal fuse actuated by a bimetal driving
mechanism positioned along a transmission line accord-
ing to one aspect.
[0018] Fig. 11 is a cross-sectional side view of a re-
versible RF thermal fuse actuated by a bimetal driving
mechanism creating a short circuit in a transmission line
according to one aspect.
[0019] Fig. 12 is a cross-sectional side view of an elec-
tromagnetically actuated RF thermal fuse positioned
along a transmission line according to one aspect.
[0020] Fig. 13 is a cross-sectional side view of an elec-
tromagnetically actuated RF thermal fuse creating a short
circuit in a transmission line according to one aspect.
[0021] Fig. 14 is a cross-sectional side view of an RF
thermal fuse actuated by an expandable gas that is po-
sitioned along a transmission line according to one as-
pect.
[0022] Fig. 15 is a cross-sectional side view of an RF
thermal fuse actuated by an expandable gas creating a
short circuit in a transmission line according to one as-
pect.
[0023] Fig. 16 is a block diagram of alternative example
RF thermal fuse positioned along a transmission line be-
tween a base station and an RF device according to one
aspect.
[0024] Fig. 17 is a cross-sectional side view of an RF
thermal fuse for creating an open circuit positioned along
a transmission line according to one aspect.
[0025] Fig. 18 is a cross-sectional side view of an RF
thermal fuse creating an open circuit positioned along a
transmission line according to one aspect.
[0026] Fig. 19 is a cross-sectional side view of cascad-
ed RF thermal fuses for creating open circuits positioned
along a transmission line according to one aspect.
[0027] Fig. 20 is a cross-sectional side view of cascad-
ed RF thermal fuses creating open circuits in a transmis-
sion line according to one aspect.
[0028] Fig. 21 is a block diagram of alternative example
RF thermal fuse positioned along a transmission line be-
tween a base station and an RF device according to one
aspect.
[0029] Fig. 22 is a cross-sectional side view of an RF
thermal fuse having a dielectric material and positioned
along a transmission line according to one aspect.
[0030] Fig. 23 is a cross-sectional side view of an RF
thermal fuse having a dielectric material creating an open
circuit in a transmission line according to one aspect.
[0031] Fig. 24 is a cross-sectional side view of cascad-
ed RF thermal fuses having dielectric materials and po-
sitioned along a transmission line according to one as-
pect.
[0032] Fig. 25 is a cross-sectional side view of cascaed
RF thermal fuses having dielectric material creating open
circuits in a transmission line according to one aspect.

[0033] Fig. 26 is a block diagram of an RF device in-
cluding an RF termination device and in communication
with a base station via a transmission line according to
one aspect.
[0034] Fig. 27 is a perspective view of an RF termina-
tion device according to one aspect.
[0035] Fig. 28 is a cross-sectional side view of an RF
termination device having a thermal over-temperature
protection fuse according to one aspect.
[0036] Fig. 29 is a cross-sectional side view of a ther-
mal over-temperature protection fuse for an RF termina-
tion device creating an open circuit according to one as-
pect.
[0037] Fig. 30 is a cross-sectional side view of an RF
termination device having a thermal over-temperature
protection fuse configured to provide a single pole
change over function according to one aspect.
[0038] Fig. 31 is a cross-sectional side view of an RF
termination device having a thermal over-temperature
protection fuse configured to provide a single pole
change over function according to one aspect.

Detailed Description

[0039] Certain aspects and examples are directed to
RF thermal fuses for preventing overheating of an RF
device receiving signals from a base station or other RF
signal source.
[0040] In accordance with some aspects, an RF ther-
mal fuse can include a body, a conductive bolt, and a
driving mechanism. The body can be positioned on a
transmission line, such as a coaxial cable, between an
RF signal source, such as a base station, and an RF
device, such as an antenna unit. The bolt can be formed
from or otherwise include a conductive material. The bolt
can be positioned in the body. The bolt can have a length
sufficient to provide an impedance at the point of protec-
tion in response to the bolt contacting a "live" conductor
of the transmission line that carries RF signals, such as
(but not limited to) the inner conductor of a coaxial cable.
The impedance can be sufficient to reflect at least a por-
tion of the incident power of an RF signal from the RF
signal source. The incident power or portion thereof that
is reflected back to the RF signal source can be sufficient
to cause the RF signal source to cease providing RF
signals to an RF device protected using the RF thermal
fuse. The driving mechanism can cause the bolt to con-
tact the conductor in response to a temperature of the
conductor exceeding a threshold temperature.
[0041] The RF thermal fuse can be positioned at a pro-
tection point of the transmission line via which RF signals
are transmitted to the protected RF device. For example,
the RF thermal fuse can be mounted on the outer con-
ductor of a coaxial cable used as a transmission line. A
base station or other RF signal source can transmit RF
signals to the protected RF device via the transmission
line. A non-limiting example of a protected RF device is
a point-of-interface connecting a base station to a dis-
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tributed antenna system or other telecommunication sys-
tem. Other non-limiting examples of a protected device
include devices that use active cooling, such as dummy
loads, attenuators, or other devices. Active cooling sys-
tems may include cooling systems that require external
power such as fans. Devices that use active cooling may
be damaged if exposed to incident RF power via the
transmission line without active cooling and/or other
proper cooling methods. The RF thermal fuse can reflect
most or all of the incident power from an RF signal back
to an RF signal source (e.g., a base station) in response
to the temperature at or near the protection point exceed-
ing the critical temperature of the device.
[0042] In additional or alternative aspects, the RF ther-
mal fuse can reflect most or all of the incident power from
an RF signal back to the RF signal source in response
to the protected RF device being set to an "OFF" status.
For example, a power source that supplies DC power to
the RF device can be turned off. An RF signal source
may continue to transmit RF signals to the RF device
after the power source is turned off. Continuing to trans-
mit RF signals to the RF device after the power source
is turned off can cause the RF device to overheat. The
RF thermal fuse can reflect incident power from an RF
signal back to the RF signal source in response to the
power source being turned off, thereby notifying the RF
signal source that it should cease transmitting RF signals
to the RF device.
[0043] As used herein, the term "’OFF’ status" is used
to refer to a state for an RF device in which the RF device
does not transmit or receive RF signals.
[0044] As used herein, the term "’ON’ status" is used
to refer to a state for an RF device in which the RF device
transmits or receives RF signals.
[0045] The RF thermal fuse can provide high imped-
ance at the protection point during standard operation of
the protected RF device. As used herein, the term "stand-
ard operation" is used to refer to an operational state in
which the RF device being in an "ON" status in which the
RF device can receive and/or transmit RF signals. The
RF thermal fuse can provide low impedance at the pro-
tection point in response to the temperature at or near
the protection point exceeding the critical temperature
such that most of incident power is reflected towards the
RF signal source. The temperature at or near the protec-
tion point can be measured by a temperature sensor.
[0046] In some aspects, the RF thermal fuse can in-
clude a switching mechanism positioned at the end of a
stub. The stub can be connected in parallel to the pro-
tected transmission line at the protection point. The stub
can physically separate a switching point and a protection
point. The stub can have a length of N x λ / 4, where N
is an integer and λ is the wavelength of an RF signal at
an operating frequency. The operating frequency can be
a frequency of an RF signal transmitted by a base station
or other RF signal source via the transmission line. An
even value of N can provide an open-circuited stub in
standard operation. An odd value of N can provide a

short-circuited stub such that performance in the trans-
mission line is not affected during standard operation.
[0047] In additional aspects, the RF thermal fuse can
be positioned such that the RF thermal fuse provides a
short circuit within a close vicinity of the protection point
(i.e., N = 0). For example, an RF thermal fuse can provide
a short circuit within a close vicinity of the protection point
in response to the protected RF device being in an "OFF"
status.
[0048] In some aspects, the RF thermal fuse can be
irreversible. An irreversible RF thermal fuse can be re-
placed after the single overheating event. In other as-
pects, the RF thermal fuse can be reversible. For exam-
ple, after each overheating event, the bolt of a reversible
RF thermal fuse can re-set to a position that does not
affect the transmission of RF signals along the protected
transmission line.
[0049] As used herein, the term "irreversible" is used
to refer to an RF thermal fuse being used to protect the
RF device in response to a single overheating event,
where the RF thermal fuse is replaced after the overheat-
ing event.
[0050] As used herein, the term "reversible" is used to
refer to an RF thermal fuse being used to protect the RF
device in response to multiple overheating events, where
the RF thermal fuse is re-set after each overheating
event.
[0051] In additional or alternative aspects, the RF de-
vice can include one or more thermal over-temperature
protection fuses. The thermal over-temperature protec-
tion fuse can cause an RF signal path that includes the
transmission line and the RF device to open. Opening
the signal path can interrupt electrical current, such as
the current caused by a signal communicated from a base
station or other RF signal source to the RF device, from
flowing through the signal path. Interrupting the electrical
current can prevent the base station or other RF signal
source from providing RF power to the RF device. Pre-
venting the base station or other telecommunications de-
vice from providing RF power to the RF device can pre-
vent components of the RF device from overheating.
[0052] Detailed descriptions of these aspects and ex-
amples are discussed below. These illustrative examples
are given to introduce the reader to the general subject
matter discussed here and are not intended to limit the
scope of the disclosed concepts. The following sections
describe various additional aspects and examples with
reference to the drawings in which like numerals indicate
like elements, and directional descriptions are used to
describe the illustrative examples but, like the illustrative
examples, should not be used to limit the present inven-
tion.
[0053] Figs. 1-3 depict an example irreversible RF ther-
mal fuse 102 that can be used to protect RF devices from
over-heating in a telecommunication system.
[0054] Fig. 1 is a block diagram depicting an RF ther-
mal fuse 102 positioned along a transmission line 108
between a base station 104 and an RF device 106. A
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transmission line 108 can include any suitable transmis-
sion medium for electrically communicating signals be-
tween an RF signal source, such as a base station 104,
and a protected RF device 106. Non-limiting examples
of a protected RF device 106 include a remote antenna
unit, a point-of-interface device connecting a base station
104 to a distributed antenna system or other telecommu-
nication system, and the like.
[0055] Fig. 2 is a cross-sectional side view of a RF
thermal fuse 102 positioned along the transmission line
108 at a protection point 202. The RF thermal fuse 102
can include a bolt 206, a body 208, a spring 210, and an
adjustment screw 214. The bolt 206, the spring 210, and
the adjustment screw 214 can be disposed in the body
208. The bolt 206 can be formed from or otherwise in-
clude a conductive material, such as (but not limited to)
copper. The body 208 can be formed from any suitable
rigid non-conductive material, such as (but not limited to)
plastic. The spring 210 can be an expansion spring adapt-
ed to exert a force against the bolt 206 in a direction of
a conductor 204 of the transmission line 108.
[0056] A solder 212 can be applied to the bolt 206 to
maintain the bolt 206 in a position that does not contact
the conductor 204. The solder 212 can exert a force re-
sisting the force exerted by the spring 210. The solder
212 can include a metal or other soldering material having
a melting temperature that is less than or equal to a
threshold temperature. The threshold temperature can
be indicative of overheating in the transmission line 108.
A non-limiting example of a melting temperature is
95-100 degrees Celsius.
[0057] The RF thermal fuse 102 can be positioned to
such that the protected transmission line 108 is short-
circuited at the protection point 202 in response to an
overheating event. A temperature at or near the RF ther-
mal fuse 102 that exceeds the threshold temperature can
cause the soldering material of the solder 212 to melt.
Melting the solder 212 can reduce or cease resistance
of the force exerted by the spring 210. Reducing or ceas-
ing resistance to the force exerted by the spring 210 can
cause the bolt 206 to move toward the conductor 204 of
the protected transmission line 108, as depicted by the
downward arrow in Fig. 3.
[0058] The bolt 206 can make a connection with the
conductor 204 of the transmission line 108. The connec-
tion with the transmission line 108 can be a galvanic con-
nection allowing the flow of current through the bolt 206.
The connection can provide a low impedance ZL in par-
allel to the protected transmission line 108 at the protec-
tion point 202. The value of the impedance ZL can be
determined by the distance d of the short-circuit position
from the protection point, as represented by the equation 

where Z0 is the characteristic impedance of the stub and

Θ is an electrical length corresponding to the distance d
between a physical position of the short circuit and the
protection point 202.
[0059] An RF signal from a base station 104 or other
signal source can encounter the impedance ZL. Encoun-
tering the impedance ZL can cause a portion of incident
power from the RF signal to be reflected back to the base
station 104 or other signal source. The base station 104
or other RF signal source can receive the reflected RF
signal. The base station 104 or other signal source can
determine that the reflected incident power is sufficiently
large that no additional RF signals are to be transmitted
to the protected RF device 106. The base station 104 or
other signal source ceasing to transmit RF signal can
thereby protect the protected RF device 106 from addi-
tional warming.
[0060] The solution depicted in Figs. 1-3 can be used,
for example, in applications in which the distance d be-
tween a physical position of the short-circuit and the pro-
tection point 202 is sufficiently small compared to λ/4 at
the operating frequency, such as for operating frequen-
cies from DC to a few GHz. The protected RF device 106
can be returned to operation by replacing the melted RF
thermal fuse 102 with a new RF thermal fuse.
[0061] In other aspects, the RF thermal fuse can be
reversible, as depicted in Figs. 4-6. Fig. 4 is a block dia-
gram depicting an RF thermal fuse 402 positioned along
a transmission line 108 between a base station 104 and
an RF device 106. Fig. 5 is a cross-sectional side view
of a RF thermal fuse 402 positioned along the transmis-
sion line 108 at a protection point 501. The RF thermal
fuse 402 includes a bolt 502 and a body 504. The bolt
502 can be disposed in the body 504. The bolt 502 can
be formed from or otherwise include a conductive mate-
rial. For the protected RF device 106 being in an "ON"
status, the bolt 502 being positioned in the body 504 can
prevent the bolt 502 from influencing transmission of RF
signals from a base station 104 or other RF signal source
to the protected RF device 106, as depicted in Fig. 5. For
the protected RF device being in an "OFF" status, the
bolt 502 can move toward the conductor 204, as depicted
by the downward arrow in Fig. 6. The bolt 502 contact
the conductor 204 to generate a short circuit, thereby
providing a low-impedance connection to the protection
point 501.
[0062] The RF thermal fuse 402 for N = 0 can be used
at low RF frequencies wherein the distance d between
the physical position of a short-circuit provided by the RF
thermal fuse 402 and the point of protection (as depicted
in Fig. 6) is smaller than λ / 4 at the operating frequency.
[0063] In additional or alternative aspects, an RF ther-
mal fuse 402 can be modified to increase the operating
frequency band, as depicted in Figs. 7-9. The operating
frequency band can be increased by using an RF thermal
fuse having a spring 702 and a metallic steering ring 704,
as depicted by the lateral side view of the bolt 502 in Fig.
7. The spring 702 and a metallic steering ring 704 can
be disposed in the body 504, as depicted by the cross-
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sectional side view of the RF thermal fuse 402’ Fig. 8.
The spring 702 can exert a force causing the bolt 502 to
contact the conductor 204 and create a short circuit, as
depicted by the downward arrow in Fig. 9. The metallic
steering ring 704 can shorten the distance d of the short
circuit such that the distance d is the distance from the
protection point 701 to the metallic steering ring 704.
Shortening the distance d can allow the RF thermal fuse
402’ to reflect incident power from higher frequency sig-
nals.
[0064] The position of the bolt 502 can be driven by
any suitable driving mechanism. In some aspects, a re-
versible RF thermal fuse 402 can include a temperature-
sensitive driving mechanism to position the bolt 502.
Non-limiting examples of a suitable driving mechanism
include bimetal, a shape memory alloy ("SMA") spring,
air pressure, wax, liquid, relay, etc. with an appropriate
spring/anchor mechanism.
[0065] For example, Figs. 10-11 depict an RF thermal
fuse 402" having a bimetal driving mechanism 706. In
standard operation, as depicted in Fig. 10, the bimetal
driving mechanism 706 can exert a force that resists a
force exerted by the spring 702. A temperature exceeding
a threshold temperature can allow the bimetal driving
mechanism 706 to lengthen, as depicted in Fig. 11.
Lengthening the bimetal driving mechanism 706 can re-
duce or remove the force resisting the force exerted by
the spring 702. Reducing or removing the force resisting
the force exerted by the spring 702 can allow the spring
702 to contract. Contracting the spring 702 can cause
the bolt 502 to move toward the conductor 204 of the
transmission line 108, as depicted by the downward ar-
row in Fig. 11.
[0066] In other aspects, a reversible RF thermal fuse
402 can be electromagnetically actuated to position the
bolt 502. Figs. 12-13 depict an RF thermal fuse 402’" that
is electromagnetically actuated via an actuation coil 708
and a DC power source 710. A non-limiting example of
a DC power source 710 is a power source of a protected
RF device 106. In standard operation, as depicted in Fig.
12, the DC power source 710 can provide power creating
an electromagnetic field through the actuation coil 708.
The electromagnetic field through the actuation coil 708
can resist a force exerted by the spring 702. The DC
power source 710 ceasing to provide power to the actu-
ation coil 708 can reduce or eliminate the magnetic field
resisting the force exerted by the spring 702. For exam-
ple, the DC power source 710 may cease providing power
in response to the protected RF device 106 being set to
an "OFF" status. Ceasing resistance to the force exerted
by the spring 702 can allow the spring 702 to contract.
Contracting the spring 702 can cause the bolt 502 to
move toward the conductor 204 of the transmission line
108, as depicted by the downward arrow in Fig. 13.
[0067] In additional or alternative aspects, a reversible
RF thermal fuse 402 can include other driving mecha-
nisms to position the bolt 502. For example, a driving
mechanism can include a coil and an expansion spring

for spring loading the bolt 502. The protected RF device
106 in an "ON" status can supply an electrical current to
the coil, thereby causing the coil to exert an electro-mag-
netic force on the bolt. The electro-magnetic force on the
bolt can move the bolt away from the protection point
such that the bolt does not influence the transmission of
RF signals along the protected transmission line 108.
Moving the bolt away from the protection point can com-
press an expansion spring adjacent to the bolt 502 and
adapted to exert a force against the bolt 502 in the direc-
tion of the conductor 204. The protected RF device 106
being set to an "OFF" status can cease the electrical
current to the coil, thereby causing the current to cease
exerting an electro-magnetic force on the bolt 502. The
spring can expand in response to the cessation of the
electro-magnetic force, thereby causing the bolt to con-
tact the protected transmission line 108.
[0068] In other aspects, a reversible RF thermal fuse
402 can be actuated via an expandable gas to position
the bolt 502. Figs. 14-15 depict an RF thermal fuse 402""
that is actuated via an expandable gas 712 contained in
a chamber 714. In standard operation, as depicted in Fig.
14, the gas 712 can have an amount of pressure that is
sufficiently low that a force applied to the bolt 502 in re-
sponse to the pressure of the gas 712 is less than a force
exerted by a spring 716. The force can be exerted by a
spring 716 against the bolt 502 in a direction away from
the conductor 204, as depicted by the upward arrow in
Fig. 14. The gas 712 can expand in response to a tem-
perature at or near the RF thermal fuse 402"" exceeding
a threshold temperature. The threshold temperature can
be a temperature that is indicative of an overheating
event. The expansion of the gas 712 can apply a sufficient
pressure to the bolt 502 that the spring 716 is compressed
and the bolt 502 is moved toward the conductor 204 of
the transmission line 108, as depicted by the downward
arrow in Fig. 15. A cessation or absence of the overheat-
ing event can allow the gas 712 to contract. The contrac-
tion of the gas 712 can reduce pressure applied to the
bolt 502 such that that the spring 716 expands and the
bolt 502 is moved away from the conductor 204 of the
transmission line 108. The bolt 502 moving away from
the conductor 204 of the transmission line 108 can return
the bolt to the position depicted in Fig. 14. In additional
or alternative aspects, the spring 716 can be omitted.
The bolt 502 can be manually reset to the position de-
picted in Fig. 14 by a technician or other user.
[0069] For higher frequencies at which an impedance
at the protection point can be too high, an RF thermal
fuse having a λ/4 stub (d = λ/4) can be used, as depicted
in Figs. 16-18. Fig. 16 is a block diagram depicting an
RF thermal fuse 902 positioned along a transmission line
108 between a base station 104 and an RF device 106.
Fig. 17 is a cross-sectional side view of the RF thermal
fuse 902 positioned along the transmission line 108 at a
protection point 1001. The RF thermal fuse 902 can in-
clude a bolt 1002, a stub 1003, and a body 1004. The
bolt 1002 and the stub 1003 can be disposed in the body
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1004. The bolt 1002 and the stub 1003 can be formed
from or otherwise include a conductive material, such as
(but not limited to) copper. The bolt 1002 and the stub
1003 can be coupled or otherwise attached together via
any suitable method providing an electrical path from the
bolt 1002 through the stub 1003, such as (but not limited
to) soldering the bolt 1002 to the stub 1003.
[0070] Standard operation of the protected RF device
106 can involve the RF thermal fuse 902 being short-
circuited, as depicted in Fig. 17. A temperature at or near
the protection point 1001 exceeding a threshold temper-
ature can cause the RF thermal fuse 902 to provide an
open circuit. The open circuit can be provided by the sep-
aration of the bolt 1002 and the stub 1003, as depicted
by the upward arrow in Fig. 18. In some aspects, the RF
thermal fuse 902 can be irreversible. For example, sol-
dering the bolt 1002 to the stub 1003 can cause the RF
thermal fuse 902 to be irreversible.
[0071] In some aspects, the stub 1003 can have a
length of λ/4 stub. In other aspects, a longer stub 1003
(N ≥ 2) can be used. A switching function of the RF ther-
mal fuse can provide an open circuit at the protection
point in standard operation. The switching function of the
RF thermal fuse can provide a short circuit when protect-
ed. The bandwidth of operation can decrease as the val-
ue of N increases.
[0072] A wider operating frequency band of the RF
thermal fuse may be required at higher RF frequencies
of RF signals transmitted by the base station 104 or an-
other RF signal source. A wider operating frequency
band can be obtained by cascading more than one RF
thermal fuse 902. For example, Fig. 19 is a cross-sec-
tional side view of RF thermal fuses 902a, 902b at pro-
tection points 1001a, 1001b of a transmission line 108
during standard operation. The RF thermal fuses 902a,
902b respectively include bolts 1002a, 1002b and stubs
1003a, 1003b respectively disposed in bodies 1004a,
1004b.
[0073] Fig. 20 is a cross-sectional side view of the RF
thermal fuses 902a, 902b at protection points 1001a,
1001b creating open circuits in the transmission line 108.
The open circuits in the transmission line 108 can be
created by disconnecting the bolts 1002a, 1002b from
the stubs 1003a, 1003b, as depicted by the upward ar-
rows in Fig. 20. Each of the RF thermal fuses 902a, 902b
can have a different length dsfub, i of the respective one
of the stubs 1003a, 1003b. For example, the thermal fuse
902a has the stub 1003a with a length dstub, a that is dif-
ferent from the length dstub, b of the stub 1003b for the
thermal fuse 902b. The cascaded RF thermal fuses 902a,
902b can be positioned at a distance of dfuses from one
another. Positioning the RF thermal fuses 902a, 902b at
the distance of dfuses from one another can provide a
wider, adjustable band of operating frequencies for pro-
tecting the RF device 106 receiving RF signals.
[0074] Another non-limiting example of an RF thermal
fuse having a reversible function at higher frequencies
is depicted in Figs. 21-23. Fig. 21 is a block diagram

depicting an RF thermal fuse 1302 positioned along a
transmission line 108 between a base station 104 and
an RF device 106. Fig. 22 is a cross-sectional side view
of a RF thermal fuse 1302 positioned along the transmis-
sion line 108 at a protection point 1401. The RF thermal
fuse 1302 includes a bolt 1402, a bolt extender 1403, a
body 1404, and a dielectric material 1406. The bolt 1402,
the bolt extender 1403, and the dielectric material 1406
can be disposed in the body 1404. The dielectric material
1406 can be positioned between the bolt 1402 and the
bolt extender 1403. For the protected RF device being
in an "ON" status, bolt 1402, the bolt extender 1403 and
the dielectric material 1406 can be positioned such that
the transmission of RF signals from a base station 104
or other RF signal source to the protected RF device 106
is not affected. The bolt 1402, the bolt extender 1403 and
the dielectric material 1406 can be shifted towards the
conductor 204 in response to the temperature at the pro-
tection point 1401 exceeding a threshold temperature,
as depicted by the downward arrow in Fig. 23. The bolt
1402 can contact the conductor 204. The bolt 1402 con-
tacting the conductor 204 can cause a short circuit from
the protection point 1401 to an open-circuit provided by
the dielectric material 1406. The short circuit from the
protection point 1401 to an open-circuit can have a length
of λ/4 at the operating frequency of the transmitted RF
signal.
[0075] A wider operating frequency band of the RF
thermal fuse may be required at higher RF frequencies.
A wider operating frequency band can be obtained by
cascading more than one RF thermal fuse 1302, as de-
picted in Figs. 24-25. Fig. 24 is a cross-sectional side
view of the RF thermal fuses 1302a, 1302b at protection
points 1401a, 1401b during standard operation. The RF
thermal fuses 1302a, 1302b respectively include bolts
1402a, 1402b, bolt extenders 1403a, 1403b, and dielec-
tric materials 1406a, 1406b respectively disposed in bod-
ies 1404a, 1404b. Fig. 25 is a cross-sectional side view
of the RF thermal fuses 1302a, 1302b at protection points
1401a, 1401b creating short circuits in the transmission
line 108. The short circuits in the transmission line 108
can be created by the bolts 1402a, 1402b contacting the
conductor 204 of the transmission line 108, as depicted
by the downward arrows in Fig. 25. Each of the RF ther-
mal fuses 1302a, 1302b can have a different length dbolt, i
for a respective bolt. As depicted in Fig. 25, the thermal
fuse 1302a has the bolt 1402a with a length dbolt, a that
is different from the length dbolt, b of the bolt 1402b for
the thermal fuse 1302b. The cascaded RF thermal fuses
1302a, 1302b can be positioned at a distance of dfuses
from one another. Positioning the RF thermal fuses
1302a, 1302b at the distance of dfuses from one another
can provide a wider, adjustable operating frequency band
for protecting the RF device 106 receiving RF signals.
[0076] In additional or alternative aspects, additional
protection from overheating can be provided by a thermal
over-temperature protection fuse for an RF termination
device in a telecommunications system. A thermal over-
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temperature protection fuse can cause a signal path in
a telecommunications system, such as an RF signal path,
to open. Opening the signal path can interrupt electrical
current, such as the current caused by a signal commu-
nicated from a base station or other telecommunications
device, from flowing through the signal path. Interrupting
the electrical current can prevent the base station 104 or
other signal source from providing RF power to an RF
termination device that includes the thermal over-tem-
perature protection fuse.
[0077] For example, an RF termination device may be
included in a protected RF device 106. Fig. 26 is a block
diagram of the RF device 106 that includes an RF termi-
nation device 1502. A non-limiting example of an RF de-
vice 106 is a base station router or other a point-of-inter-
face system or device. The RF device 106 can include a
splitter/combiner module 1501 in which the RF termina-
tion device 1502 is disposed. The RF termination device
1502 can prevent the base station 104 and/or another
RF signal source from providing RF power to the RF de-
vice 106. Preventing the base station 104 or other RF
signal source from providing RF power to the RF termi-
nation device can prevent overheating of components of
the protected RF device 106.
[0078] Fig. 27 is a perspective view of an example RF
termination device 1502. An RF termination device 1502,
such as the flange mount termination device depicted in
Fig. 27, can include a lead 1504. An example of a flange
mount termination device is a K100N50X4 half flange
termination device. The RF termination device 1502 can
receive power from a base station 104 or other telecom-
munications device, such as the RF device 106 via the
lead 1504. The lead 1504 can be formed from any suit-
able conductive material, such as (but not limited to) cop-
per or a copper alloy.
[0079] Fig. 28 depicts an example of an RF termination
device 1602 having a thermal over-temperature protec-
tion fuse 1604. The RF termination device 1602 can be
coupled to a lead of a printed circuit board 1606 via the
thermal over-temperature protection fuse 1604 or other-
wise coupled to a component of a telecommunications
device via the thermal over-temperature protection fuse
1604. The thermal over-temperature protection fuse
1604 can be coupled to a lead of the printed circuit board
1606 via a solder joint 1608.
[0080] The thermal over-temperature protection fuse
1604 can be coupled to a component of a telecommuni-
cations device such that a tension of the thermal over-
temperature protection fuse 1604 exerts a force. The
force exerted by the tension of the thermal over-temper-
ature protection fuse 1604 can oppose a force exerted
by the coupling of the thermal over-temperature protec-
tion fuse 1604 to the printed circuit board 1606. For ex-
ample, as depicted in Fig. 28, the thermal over-temper-
ature protection fuse 1604 can have a curved shape such
that the thermal over-temperature protection fuse 1604
has a spring function. The thermal over-temperature pro-
tection fuse 1604 can be coupled to the printed circuit

board 1606 via a solder joint 1608. The curved shape of
the thermal over-temperature protection fuse 1604 can
cause a force to be exerted that opposes the force of the
solder joint 1608 coupling the thermal over-temperature
protection fuse 1604 to the printed circuit board 1606.
[0081] Ceasing the force exerted by the solder joint
1608 can cause the thermal over-temperature protection
fuse 1604 to cease contacting the printed circuit board
1606, thereby opening the signal path terminated by the
RF termination device 1602. Ceasing the forced exerted
by the solder joint 1608 can be caused by, for example,
the printed circuit board 1606 having a temperature suf-
ficient to cause the solder joint 1608 to melt. For example,
Fig. 29 depicts the RF termination device 1602 having a
thermal over-temperature protection fuse 1604 that
ceases contacting the printed circuit board 1606. The
printed circuit board 1606 can have a sufficiently high
temperature that the solder joint 1608 melts, thereby re-
moving the force exerted by the solder joint 1608. The
force caused by the shape of the thermal over-tempera-
ture protection fuse 1604 can cause the thermal over-
temperature protection fuse 1604 to cease contacting
the printed circuit board 1606, thereby opening the signal
path in which the printed circuit board 1606 is disposed.
[0082] The base station 104 or other RF signal source
can provide a signal to a signal path that is opened by
the thermal over-temperature protection fuse 1604. The
opening of the signal path by the thermal over-tempera-
ture protection fuse 1604 can cause the signal path to
lack a termination mechanism. The un-terminated signal
path can cause a signal provided by the base station 104
or other RF signal source to reflect back to the base sta-
tion 104 or other RF signal source. The signal reflecting
back to the base station 104 or other RF signal source
can cause the base station 104 or other RF signal source
to cease providing signals to the signal path that is
opened by the thermal over-temperature protection fuse
1604. For example, a base station 104 receiving a re-
flected signal may be configured to terminate operation
in response to receiving the reflected signal.
[0083] The thermal over-temperature protection fuse
1604 can be formed from a conductive material. The con-
ductive material can have a strength sufficient that the
thermal over-temperature protection fuse 1604 is not bro-
ken or otherwise damaged by the force opposing the
force of the solder joint 1608. An example of such a con-
ductive material can include, but is not limited to, beryl-
lium copper. Other examples include copper alloys. Such
copper alloys can include copper, which provides a con-
ductive property, and one or more additional elements,
which provide sufficient durability to prevent the thermal
over-temperature protection fuse 1604 from being bro-
ken or otherwise damaged by the force opposing the
force of the solder joint 1608.
[0084] Although the thermal over-temperature protec-
tion fuse 1604 is depicted in Figs. 28 and 29 as having
a curved shape, other implementations are possible. For
example, the thermal over-temperature protection fuse
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1604 can have a flat shape and be oriented at an angle
away from the printed circuit board 1606 or other com-
ponent of the telecommunications device. The thermal
over-temperature protection fuse 1604 can be coupled
to the printed circuit board 1606 or other component by
exerting a force against the thermal over-temperature
protection fuse 1604. The exerted force can cause the
thermal over-temperature protection fuse 1604 to contact
the printed circuit board 1606 or other component. The
force can be exerted or otherwise caused by, for exam-
ple, the solder joint 1608 retaining the thermal over-tem-
perature protection fuse 1604 in a position contacting the
printed circuit board 1606. The thermal over-temperature
protection fuse 1604 can be formed from a material hav-
ing a tension resisting the force exerted by the solder
joint 1608. In the absence of the force exerted by the
solder joint 1608, the thermal over-temperature protec-
tion fuse 1604 can return to an original orientation angle
at which the thermal over-temperature protection fuse
1604 does not contact the printed circuit board 1606.
[0085] The solder joint 1608 can be formed from any
conductive material having a sufficiently low melting
point. For example, components of a telecommunica-
tions device may be capable of operating at temperatures
up to 150 degrees Celsius. The performance of the com-
ponents may be degraded or disrupted by temperatures
in the range of 150 degrees Celsius to 250 degrees Cel-
sius. A solder joint 1608 can be formed from a conductive
material having a melting point in the range of 150 de-
grees Celsius to 250 degrees Celsius. A solder joint 1608
can be formed from a conductive material having a melt-
ing point exceeding 250 degrees Celsius. One example
of a material from which the solder joint 1608 can be
formed is Wood’s metal. The solder joint 1608 can be
soldered by hand or by machine.
[0086] In some aspects, the conductive material for the
solder joint 1608 can have a melting point at a threshold
temperature that is the same threshold temperature as
the RF thermal fuse 102 positioned along the transmis-
sion line 108. In other aspects, the conductive material
for the solder joint 1608 can have a melting point at a
threshold temperature that is a different threshold tem-
perature than the RF thermal fuse 102.
[0087] In additional or alternative aspects, the thermal
over-temperature protection fuse can be configured to
provide a single pole changeover switching function. For
example, as depicted in Figs. 30-31, an RF termination
device 1702 having a thermal over-temperature protec-
tion fuse 1704 can provide a single pole changeover
switching function between leads 1706a, 1706b. The
lead 1706a can be electrically connected to one or more
RF device components 1712. The lead 1706b can be
electrically connected to an alert device 1710. A non-
limiting example of an alert device 1710 can include a
transmitting device configured to transmit an alarm or
other message in response to current flowing to the trans-
mitting device or a signal being communicated to the
transmitting device. In some aspects, the alert device

1710 can be coupled to the transmission line 108 and
can communicate the alarm or other message via the
transmission line 108, as depicted in Fig. 30. In other
aspects, the alert device 1710 can include a wireless
transmitting device configured to wirelessly broadcast or
otherwise transmit the alarm or other message.
[0088] In normal operation, the thermal over-temper-
ature protection fuse 1704 of the RF termination device
1702 can be coupled to the lead 1706a via a solder joint
1708. The shape of the thermal over-temperature pro-
tection fuse 1704 can cause a force to be exerted that
opposes the force of a solder joint 1708 coupling the ther-
mal over-temperature protection fuse 1704 to the lead
1706a. Current can flow and/or a signal can be com-
muncated from the transmission line 108 to one or more
RF device components 1712.
[0089] An overheating event can cause the lead 1706a
to have a sufficiently high temperature that the solder
joint 1708 melts. The lead 1706a having a temperature
sufficient to cause the solder joint 1708 to melt can cause
the forced exerted by the solder joint 1708 to cease.
Ceasing the force exerted by the solder joint 1708 can
cause the thermal over-temperature protection fuse 1704
to cease contacting the lead 1706a. The force caused
by the shape of the thermal over-temperature protection
fuse 1704 can cause the thermal over-temperature pro-
tection fuse 1704 to contact the lead 1706b, as depicted
by the upward arrow in Fig. 31. The thermal over-tem-
perature protection fuse 1704 contacting the lead 1706b
can allow current to flow to the alert device 1710 and/or
a signal from the transmission line 108 to be communi-
cated to the alert device 1710. Current flowing to the alert
device 1710 and/or a signal being communicated to the
alert device 1710 can trigger an alert message from the
alert device 1710 that an overheating condition has oc-
curred. The alert from the alert device 1710 can identify
the position of the RF termination device 1702 and iden-
tify that the thermal over-temperature protection fuse
1704 has switched from normal operation.
[0090] Although Figs. 30-31 depict a single RF termi-
nation device 1702, a single thermal over-temperature
protection fuse 1704, and a single alert device 1710, oth-
er implementations are possible. In additional or alterna-
tive aspects, multiple alert devices 1710 for multiple RF
termination devices 1702 can be used to identify that
multiple overheating events have occurred at multiple
positions in an RF device 106 and/or in a telecommuni-
cation system having multiple RF devices 106.
[0091] The foregoing description of aspects and fea-
tures of the invention, including illustrated examples, has
been presented only for the purpose of illustration and
description and is not intended to be exhaustive or to limit
the invention to the precise forms disclosed. Numerous
modifications, adaptations, and uses thereof will be ap-
parent to those skilled in the art without departing from
the scope of this invention. Aspects and features from
each example disclosed can be combined with any other
example. The illustrative examples described above are
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given to introduce the reader to the general subject matter
discussed here and are not intended to limit the scope
of the disclosed concepts.

Claims

1. An RF thermal fuse comprising:

a body adapted to be positioned on a transmis-
sion line between an RF signal source and an
RF device;
a conductive bolt positioned in the body, the con-
ductive bolt having a length sufficient to provide
an impedance at a point of protection on the
transmission line in response to the conductive
bolt contacting a live conductor of the transmis-
sion line, wherein the impedance is configured
to reflect a portion of the incident power of an
RF signal from the RF signal source; and
a diiving mechanism configured to cause the
conductive bolt to contact the live conductor in
response to a temperature at or near the point
of protection exceeding a threshold tempera-
ture.

2. The RF thermal fuse of claim 1, wherein the driving
mechanism is irreversible.

3. The RF thermal fuse of claim 2, wherein the driving
mechanism comprises:

a spring adapted to apply a force to the conduc-
tive bolt in a direction toward the live conductor;
and
a solder adapted to resist the force applied to
the conductive bolt, wherein the solder compris-
es a soldering material having a melting temper-
ature equal to the threshold temperature.

4. The RF thermal fuse of claim 1, wherein the driving
mechanism is reversible.

5. The RF thermal fuse of claim 4, wherein the driving
mechanism comprises a bimetal driving mechanism.

6. The RF thermal fuse of claim 4, wherein the driving
mechanism comprises a chamber enclosing a gas
or liquid, wherein the gas or the liquid is expandable
such that the gas or the liquid applies pressure to
the conductive bolt in response to the threshold tem-
perature.

7. The RF thermal fuse of claim 4, wherein the driving
mechanism comprises an electromagnet configured
to oppose a force applied by a spring to the conduc-
tive bolt in a direction toward the live conductor, the
electromagnet configured to oppose the force in re-

sponse to the electromagnet receiving a current from
the RF device.

8. The RF thermal fuse of claim 4, wherein the driving
mechanism comprises a shape memory alloy spring
mechanism.

9. The RF thermal fuse of claim 1, further comprising
a dielectric material positioned at a first end of the
conductive bolt opposite a second end of the con-
ductive bolt adapted to contact the live conductor.

10. A thermal protection system comprising:

a plurality of RF thermal fuses, each RF thermal
fuse comprising:

a body adapted to be positioned on a trans-
mission line between an RF signal source
and an RF device;
a conductive bolt positioned in the body, the
conductive bolt having a length sufficient to
provide an impedance at a point of protec-
tion on the transmission line in response to
the conductive bolt contacting a live con-
ductor of the transmission line; and
a driving mechanism configured to cause
the conductive bolt to contact the live con-
ductor in response to a temperature at or
near the point of protection exceeding a
threshold temperature;

wherein the plurality of RF thermal fuses are po-
sitioned on the transmission line at intervals
such that the plurality of RF thermal fuses pro-
vide a combined impedance that is adapted to
reflect a portion of the incident power of an RF
signal in a predetermined frequency band from
the RF signal source.

11. The thermal protection system of claim 10, wherein
at least one of the plurality of RF thermal fuses is an
RF thermal fuse according to one of the claims 1 to 9.

12. The thermal protection system of claim 10, wherein,
for at least one of the plurality of RF thermal fuses,
the driving mechanism is irreversible or reversible.

13. A system comprising:

an RF device in communication with an RF sig-
nal source via a transmission line;
an RF thermal fuse positioned on the transmis-
sion line, the RF thermal fuse comprising:

a body adapted to be positioned on the
transmission line between the RF signal
source and the RF device;
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a conductive bolt positioned in the body, the
conductive bolt having a length sufficient to
provide an impedance at a point of protec-
tion on the transmission line in response to
the conductive bolt contacting a live con-
ductor of the transmission line, wherein the
impedance is configured to reflect a portion
of the incident power of an RF signal from
the RF signal source; and
a driving mechanism configured to cause
the conductive bolt to contact the live con-
ductor in response to a temperature at or
near the point of protection exceeding a
threshold temperature.

14. The system of claim 13, wherein the RF device com-
prises a thermal over-temperature protection fuse
coupled to at least one component of the RF device,
wherein a signal path is provided from the transmis-
sion line to the thermal over-temperature protection
fuse via the at least one component, wherein the
thermal over-temperature protection fuse is config-
ured to open the signal path in response to a tem-
perature of the at least one component exceeding
the threshold temperature.

15. The system of claim 14, wherein the thermal over-
temperature protection fuse comprises a soldering
material adapted to electrically connect the thermal
over-temperature protection fuse to the at least one
component, wherein the soldering material has a
melting temperature less than or equal to the thresh-
old temperature.
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