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( 57 ) ABSTRACT 
A frequency - dependent resistor and circuitry employing the 
same are provided . In some embodiments , a resistor includes 
a substrate , an input port , an output port , and a conductive 
trace on the substrate between the input port and the output 
port . A resistance between the input port and the output port 
for a low frequency signal is at least five times lower than 
the resistance between the input port and the output port for 
an RF signal and the ratio of the frequencies of the RF signal 
to the low frequency signal is at least fifty . Circuitry includ 
ing a transistor adapted to selectively couple the input to the 
output in response to a control signal provided via a resistor 
with resistance for a low frequency signal at least five times 
lower than resistance for an RF signal will have a reduced 
switching time while still isolating the RF signal . 
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FREQUENCY - DEPENDENT RESISTOR AND couple the input to the output in response to a control signal 
CIRCUITRY EMPLOYING THE SAME provided via at least one resistor . The at least one resistor has 

resistance for a low frequency signal at least five times lower 
RELATED APPLICATIONS than the resistance for an RF signal . This circuitry will have 

5 a reduced switching time while still isolating the RF signal . 
This application claims the benefit of provisional patent Those skilled in the art will appreciate the scope of the 

application Ser . No . 62 / 186 , 775 , filed Jun . 30 , 2015 , the present disclosure and realize additional aspects thereof after 
disclosure of which is hereby incorporated herein by refer - reading the following detailed description of the preferred 
ence in its entirety . embodiments in association with the accompanying drawing 

10 figures . 
FIELD OF THE DISCLOSURE 

BRIEF DESCRIPTION OF THE DRAWING 
The present disclosure relates to a resistor , and more FIGURES 

particularly to a resistor used for a Radio Frequency ( RF ) 
switch . 15 The accompanying drawing figures incorporated in and 

forming a part of this specification illustrate several aspects 
BACKGROUND of the disclosure , and together with the description serve to 

explain the principles of the disclosure . 
Radio Frequency ( RF ) multi - throw switches are critical A Radio Frequency ( RF ) switch with reduced switching 

components in today ' s mobile devices . They are used to 20 time using skin - effect resistors is provided . In some embodi 
connect a common port of the switch to one of two or more m ents , a resistor includes a substrate , an input port , an output 
selectable output / input ports . The connection path must port , and a conductive trace on the substrate between the 
exhibit very low loss so as not to degrade system efficiency , input port and the output port . A resistance between the input 
while at the same time , the two connected ports must have port and the output port for a low frequency signal is at least 
high isolation from the remaining ports . At the antenna of an 25 five times lower than the resistance between the input port 
RF front - end , for example , the high isolation is very impor - and the output port for an RF signal . 
tant for protecting the sensitive receiver input from high RF FIG . 1 shows a resistor , according to some embodiments 
transmit power . of the current disclosure . 

Semiconductor Field - Effect Transistors ( FETs ) on mate FIG . 2 shows a Radio Frequency ( RF ) switch using the 
rials such as GaAs , Silicon - On - Insulator ( SOI ) , etc . are 30 resistor of FIG . 1 , according to some embodiments of the 
widely used for implementing RF switches . However , in current disclosure . 
order to achieve the high levels of isolation required , mul - FIG . 3 shows another RF switch using the resistor of FIG . 
tiple devices must be stacked in series in the through and 1 , according to some embodiments of the current disclosure . 
shunt paths . To change the state of these switches , a Direct FIG . 4 shows the relationship between the trace resistance 
Current ( DC ) control voltage must be selectively applied to 35 ratio of a material and the frequency of a signal . 
the gates of the appropriate FETs . To prevent RF energy F IG . 5 is a schematic representation of RF front end 
from being lost into the control circuit , the control voltages circuitry according to some embodiments of the present 
are typically applied through a network of resistors . These disclosure using one or more of the resistor of FIG . 1 , the RF 
resistors impede the flow of the RF energy into the control switch of FIG . 2 , and the RF switch of FIG . 3 . 
circuit . To achieve the very low insertion losses required , 40 
these resistors are typically tens or hundreds of kilohms ( k22 ) DETAILED DESCRIPTION 
in value . While the isolated FETs could be switched from 
conducting to isolated states extremely rapidly , an RF switch The embodiments set forth below represent the necessary 
implemented in the manner described exhibits relatively information to enable those skilled in the art to practice the 
long switching times . This is attributable to the high value of 45 embodiments and illustrate the best mode of practicing the 
the resistors , through which the control voltage is applied , embodiments . Upon reading the following description in 
which , along with internal capacitances inherent in the FET light of the accompanying drawing figures , those skilled in 
switches , lead to very large RC time constants for the device . the art will understand the concepts of the disclosure and 

Accordingly , resistors and switches are needed for reduc - will recognize applications of these concepts not particularly 
ing the switching time of RF switches while maintaining 50 addressed herein . It should be understood that these con 
high isolation . cepts and applications fall within the scope of the disclosure 

and the accompanying claims . 
SUMMARY FIG . 1 shows a resistor R , according to some embodi 

ments of the current disclosure . In this embodiment , resistor 
A frequency - dependent resistor and circuitry employing 55 R includes a substrate 12 with a conductive trace 14 on the 

the same are provided . In some embodiments , a resistor substrate 12 . Resistor R also includes an input port 16 and 
includes a substrate , an input port , an output port , and a an output port 18 at the ends of the conductive trace 14 . In 
conductive trace on the substrate between the input port and this example , the conductive trace 14 is shown as a meander 
the output port . A resistance between the input port and the line between the input port 16 and the output port 18 . This 
output port for a low frequency signal is at least five times 60 is merely one example configuration ; however , the present 
lower than the resistance between the input port and the disclosure is not limited thereto . In some embodiments , the 
output port for an RF signal , and the ratio of the frequencies conductive trace 14 is a thin film . When any electrical signal 
of the RF signal to the low frequency signal is at least fifty is presented at the input port 16 , that electrical signal will 

In some embodiments , circuitry includes at least one experience a resistance as it travels through the conductive 
transistor with an input coupled to a source of the at least one 65 trace 14 to the output port 18 . Specifically , resistor R has a 
transistor and an output coupled to a drain of the at least one resistance between the input port 16 and the output port 18 
transistor . The at least one transistor is adapted to selectively for a low frequency signal that is at least five times lower 
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than the resistance between the input port 16 and the output FIG . 3 shows another RF switch 24 using the resistor R 
port 18 for a radio frequency ( RF ) signal . As discussed of FIG . 1 , according to some embodiments of the current 
herein , a high frequency signal has a frequency that is at disclosure . This RF switch 24 includes an RF common port 
least fifty times the frequency of a low frequency signal . For which can alternately be connected to either an RF1 port or 
example , a low frequency signal is at or below 10 megahertz 5 an RF2 port . In this example , four switches similar to the one 
( MHz ) while an RF signal is at or above 1 gigahertz ( GHz ) . described in relation to FIG . 2 allow for the switching 

This difference in the resistivity of the resistor R is due to between the RF1 port and the RF2 port . Specifically , when 
the use of materials that exhibit a frequency - dependent a control voltage SW1 is applied , the RF common port is 
resistance . According to some embodiments , this is achieved connected to the RF2 port through a series of FETs 22 . The 
by using a material with both high resistivity and a high 10 same control voltage SW1 also connects the RF1 port to 
magnetic permeability . Magnetic permeability ( u ) is mea ground through a shunt also including a series of FETs 22 . 
sured in Henries / meter ( H / m ) . For instance , the magnetic Alternatively , when a control voltage SW2 is applied , the RF 
permeability of a vacuum is 40x10 - H / m and is referred to common port is connected to the RF1 port through a series 
as up . The relative magnetic permeability of a substance is of FETs 22 . The same control voltage SW2 also connects the 
given by its magnetic permeability divided by No . In some 15 RF2 port to ground through a shunt also including a series 
embodiments , the conductive trace 14 has a relative mag of FETs 22 . 
netic permeability of at least 100 , meaning that its magnetic By applying the control voltages SW1 and SW2 through 
permeability is at least 100 times larger than that of a the resistors R which have resistance for a low frequency 
vacuum . In other embodiments , the conductive trace has a signal at least five times lower than the resistance for an RF 
relative magnetic permeability of at least 1000 . In some 20 signal , the RF switch 24 has a reduced switching time for the 
embodiments , the conductive trace 14 includes at least one same level of RF isolation . This is because the control 
of Iron , Cobalt , Nickel , or a combination of one of these . voltages SW1 and SW2 are DC signals , which have a 

A high relative magnetic permeability leads to an increase frequency of zero . In practice , when the RF switch 24 is 
in the Skin - Effect . This usually undesirable effect is caused being switched from the RF1 port to the RF2 port rapidly , 
due to the rapidly fluctuating magnetic field in the conduc - 25 the control signals SW1 and SW2 essentially behave as low 
tive trace 14 when an alternating current ( AC ) signal is frequency signals . Since the resistance exerted on these 
applied . The higher the frequency of the signal , the more control signals by the one or more resistors R is lower for a 
rapidly the magnetic field changes . This causes charge low frequency signal , the RC time constant for switching is 
carriers to be limited to the skin of the conductive trace 14 . reduced . However , the resistance exerted on the RF signals 
The higher the frequency of the signal , the shallower the 30 as they attempt to leak out into the control circuits is at least 
skin depth of the charge carriers becomes in the conductive at least five times higher . This provides increased isolation 
trace 14 . The shallower skin depth creates a reduced cross - of the RF signals and reduces the amount of energy lost into 
sectional area of the conductive trace 14 that is available for the control circuits . In some embodiments , an RC time 
charge carriers . This leads to a higher resistance of the constant of the at least one FET 22 and the at least one 
conductive trace 14 . 35 resistor R is less than or equal to 10 microseconds ( us ) while 

In one embodiment of the resistor R , the resistance still providing a high level of isolation . 
between the input port 16 and the output port 18 for a signal The previous embodiments can be implemented with any 
at or below 10 MHz is at most 10 kilohms ( k92 ) , and the resistor wherein a resistance between the input port and the 
resistance between the input port and the output port for a output port for a low frequency signal is at least five times 
signal at or above 1 GHz is at least 100 k22 . FIG . 2 shows 40 lower than the resistance between the input port and the 
an RF switch 20 using the resistor R of FIG . 1 , according to output port for a RF signal . As discussed above , one way of 
some embodiments of the current disclosure . In this accomplishing this is to use a resistor with a conductive trace 
example , semiconductor Field - Effect Transistors ( FETs ) 22 that has a high relative magnetic permeability . FIG . 4 shows 
are used for implementing RF switch 20 . Although four the relationship between the trace resistance ratio of a 
FETs 22 are shown in this figure , this is merely for illus - 45 material and the frequency of a signal . Copper ( Cu ) has a 
trative purposes , and the current disclosure is not limited relatively low magnetic permeability u . According to some 
thereto . In order to achieve the high levels of isolation often tables , Cu has a relative magnetic permeability of 1 . 256629x 
required for an RF switch 20 , multiple FETs 22 are stacked 10 - H / m or a relative magnetic permeability of 0 . 999994 . 
in series . To change the state of these multiple FETs 22 , a This leads to almost no frequency dependence in the resis 
Direct Current ( DC ) control voltage SW must be selectively 50 tivity of Cu . In most circuits , this is a desirable property 
applied to the gates of the appropriate FETs 22 . To prevent since the resistance of a component is often used to calculate 
RF energy from being lost into the control circuit , the control other parameters . If the frequency of signals received during 
voltages are typically applied through a network of resistors operation may change or be unknown , it will be difficult or 
R . To achieve the very low insertion losses required , these impossible to plan accordingly . This near frequency inde 
resistors are typically tens or hundreds of kilohms ( k22 ) in 55 pendence of Cu is shown in FIG . 4 where the trace resistance 
value . By using one or more resistors R as described above ratio ( R / R ) remains essentially constant as the frequency of 
in relation to FIG . 1 , high isolation is provided since the RF the signal is increased from zero Hz to 2 GHz . 
signal will encounter a relatively high resistance . However , In contrast , the magnetic permeability of Nickel ( Ni ) is 
the control voltage SW used to switch the state of the one or between 1 . 26x10 - 4 - 7 . 54x10 - 4 H / m or a relative magnetic 
more FETs 22 will encounter a relatively low resistance 60 permeability of approximately 100 - 600 . As such , the plot of 
from the one or more resistors R . Thus , even while providing the trace resistance ratio of Ni in FIG . 4 shows a large 
a similar amount of isolation , the RF switch 20 will have a increase as the frequency increases . Similarly , the magnetic 
reduced RC time constant for switching the device . This permeability of Iron ( Fe ) is between 6 . 3x10 - 3 H / m ( 99 . 8 % 
results in an RF switch 20 with reduced switching time . pure ) and 2 . 5x10 - H / m ( 99 . 95 % pure ) or a relative mag 
While this RF switch 20 includes FETs 22 and multiple 65 netic permeability of approximately 5000 - 200000 . As such , 
resistors R , an RF switch can be formed in other ways that the plot of the trace resistance ratio of Fe in FIG . 4 shows 
would still benefit from the use of resistor R . an even larger increase than Ni as the frequency increases . 
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By using a material with a high magnetic permeability to output port for a radio frequency ( RF ) signal and a ratio 

create a resistor , the resistor may have a resistance between of a frequency of the RF signal to the low frequency 
the input port and the output port for a low frequency signal signal is at least fifty . 
that is at least five times lower than the resistance between 2 . The resistor of claim 1 , wherein the resistance between 
the input port and the output port for an RF signal . By using 5 the input port and the output port for a signal at or below 10 
a resistor with this frequency - dependent resistance , an RF Megahertz ( MHz ) is at most 10 kilohms ( k92 ) , and the 
switch can be made with a reduced switching time while resistance between the input port and the output port for a 
maintaining a high isolation . Such a switch can be used in signal at or above 1 gigahertz ( GHz ) is at least 100 k92 . 

3 . The resistor of claim 1 , wherein the conductive trace several places in an RF transmitter to increase the perfor 10 has a relative magnetic permeability of at least 100 . mance of the RF transmitter . 4 . The resistor of claim 3 , wherein the conductive trace FIG . 5 shows an exemplary RF front end circuitry 26 has a relative magnetic permeability of at least 1000 . 
using one or more of : the resistor R of FIG . 1 , the RF switch 5 . The resistor of claim 1 , wherein the conductive trace 20 of FIG . 2 , and the RF switch 24 of FIG . 3 . For example , comprises one of Iron , Cobalt , and Nickel . the RF front end circuitry 26 shown in FIG . 5 can function 15 Tunction 15 6 . The resistor of claim 5 , wherein the conductive trace 
as either an RF transmitter or an RF receiver . When trans comprises Cobalt . 
mitting , transceiver circuitry 28 will modulate a carrier 7 . The resistor of claim 1 . wherein the conductive trace is 
signal . The carrier signal will pass through one or more of a thin film . 
a plurality of power amplifiers 30A - 30N , where it will be 8 . The resistor of claim 1 . wherein the conductive trace is 
amplified and delivered through duplexer circuitry 34 to 20 a meander line on the substrate . 
antenna switching circuitry 36 . The antenna switching cir 9 . Circuitry comprising : 
cuitry 36 will place one or more output terminals of the at least one transistor with an input coupled to a source of 
plurality of power amplifiers 30A - 30N in communication the at least one transistor and an output coupled to a 
with a low band port 50 of a diplexer 38 . As the carrier signal drain of the at least one transistor ; 
is passed through the diplexer 38 , the carrier signal is filtered 25 wherein the at least one transistor is adapted to selectively 
by a low pass filter . Accordingly , the signal at an antenna couple the input to the output in response to a control 
port 48 of the diplexer is virtually free of components that signal provided via at least one resistor and the at least fall within the high pass band , thereby preventing signal one resistor has a resistance for a low frequency signal 
leakage back from the antenna port 48 to a high band port at least five times lower than the resistance for a Radio 
46 of the diplexer 38 . By preventing signal leakage from the 30 Frequency ( RF ) signal and a ratio of a frequency of the 
antenna port 48 to the high band port 46 during transmission RF signal to the low frequency signal is at least fifty . 
of a signal , desensitization of the receive circuitry is 10 . The circuitry of claim 9 , wherein the input of the at 
avoided , and the signal passed to an antenna 42 through least one transistor is connected to an incoming RF port and 
antenna tuning circuitry 40 is virtually free of harmonic the output of the at least one transistor is connected to an 
distortion as a result of the antenna switching circuitry 36 . 35 outgoing RF port ; and the circuitry further comprises : 
The RF front end circuitry 26 is controlled by control at least one second transistor with an input coupled to a 
circuitry 44 . source of the at least one second transistor and an 
When receiving , the RF front end circuitry 26 performs a output coupled to a drain of the at least one second 

similar process but in reverse . Although , where the trans resistor wherein : 
mitted signal passed through one or more of the plurality of 40 the at least one second transistor is adapted to selec 
power amplifiers 30A - 30N , where it was amplified and tively couple the input to the output in response to a 
delivered through the duplexer circuitry 34 to the antenna second control signal provided via at least one sec 
switching circuitry 36 , the received signal is delivered ond resistor and the at least one second resistor has 
through the duplexer circuitry 34 to pass through one or a resistance for the low frequency signal at least five 
more of a plurality of low - noise amplifiers 32A - 32N . 45 times lower than the resistance for the RF signal ; 

A resistor R of FIG . 1 , an RF switch 20 of FIG . 2 , and / or the input of the at least one second transistor is con 
an RF switch 24 of FIG . 3 can be used in one or more nected to the incoming RF port ; and 
components of RF front end circuitry 26 . For instance , one the output of the at least one second transistor is of these components can be used in duplexer circuitry 34 , connected to a ground . 
the antenna switching circuitry 36 , the diplexer 38 , and / or 50 11 . The circuitry of claim 9 , wherein a resistance - capaci 
the antenna tuning circuitry 40 in some embodiments . tance ( RC ) time constant of the at least one transistor and the 

Those skilled in the art will recognize improvements and at least one resistor is less than or equal to 10 microseconds 
modifications to the preferred embodiments of the present ( us ) . 
disclosure . All such improvements and modifications are 12 . The circuitry of claim 9 , wherein the at least one 
considered within the scope of the concepts disclosed herein 55 resistor has the resistance for a signal at or below 10 
and the claims that follow . megahertz ( MHz ) that is at most one - tenth the resistance for 

a signal at or above 1 gigahertz ( GHz ) . 
What is claimed is : 13 . The circuitry of claim 12 , wherein the at least one 
1 . A resistor comprising : resistor has the resistance for a signal at or below 10 MHz 
a substrate ; 60 that is at most 10 kilohms ( k92 ) and the resistance for a signal 
an input port ; at or above 1 GHz is at least 100 k2 . 
an output port ; and 14 . The circuitry of claim 9 , wherein the at least one 
a conductive trace on the substrate between the input port resistor comprises one of Iron , Cobalt , and Nickel . 

and the output port ; 15 . The circuitry of claim 14 , wherein the at least one 
wherein a resistance between the input port and the output 65 resistor comprises Cobalt . 

port for a low frequency signal is at least five times 16 . The circuitry of claim 9 , wherein the at least one 
lower than the resistance between the input port and the resistor comprises a thin film . 
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17 . A radio frequency ( RF ) transmitter comprising : 
modulator circuitry configured to receive a baseband 

signal and provide an RF input signal ; 
an amplifier configured to receive and amplify the RF 

input signal to provide an RF output signal ; and 
front end circuitry configured to receive the RF output 

signal and provide the RF output signal to an antenna 
for transmission comprising at least one RF circuitry ; 

wherein the at least one RF circuitry comprises : 
at least one transistor with an input coupled to a source 10 

of the at least one transistor and an output coupled to 
a drain of the at least one transistor ; 

wherein the at least one transistor is adapted to selec 
tively couple the input to the output in response to a 
control signal provided via at least one resistor and 15 
the at least one resistor has a resistance for a low 
frequency signal at least five times lower than the 
resistance between an input port and an output port 
for an RF signal and a ratio of a frequency of the RF 
signal to the low frequency signal is at least fifty . 20 

18 . The RF transmitter of claim 17 , wherein a resistance 
capacitance ( RC ) time constant of the at least one transistor 
and the at least one resistor in the RF circuitry is less than 
or equal to 10 microseconds ( us ) . 

19 . The RF transmitter of claim 17 , wherein the at least 25 
one resistor in the RF circuitry comprises one of Iron , 
Cobalt , and Nickel . 

20 . The RF transmitter of claim 19 , wherein the at least 
one resistor in the RF circuitry comprises Cobalt . 

30 
* * * * * 


